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“For me, this story highlights how far AI has come and 
how much more potential there is to explore.”
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Modeling
<latexit sha1_base64="ZepFV6YNdAKWZQEusMPlCId6ljU=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARWpCSiFSXRTcuK9gHtKFMJpN26GQSZiZCSPsZ/oBb/QN34tYP8Af8DidtFrb1wIXDOfdyD8eNGJXKsr6Nwtr6xuZWcbu0s7u3f2AeHrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk447vMr/zRISkIX9USUScAA059SlGSksD86RZ6WMvVNULmDM4gUl1YJatmjUDXCV2TsogR3Ng/vS9EMcB4QozJGXPtiLlpEgoihmZlvqxJBHCYzQkPU05Coh00ln+KTzXigf9UOjhCs7UvxcpCqRMAldvBkiN5LKXif95vVj5N05KeRQrwvH8kR8zqEKYlQE9KghWLNEEYUF1VohHSCCsdGULXzyZRZuWdDH2cg2rpH1Zs+u1+sNVuXGbV1QEp+AMVIANrkED3IMmaAEMJuAFvII349l4Nz6Mz/lqwchvjsECjK9f8zqc3g==</latexit>

P (·), P (·|y)
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Modeling Sampling
<latexit sha1_base64="ZepFV6YNdAKWZQEusMPlCId6ljU=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARWpCSiFSXRTcuK9gHtKFMJpN26GQSZiZCSPsZ/oBb/QN34tYP8Af8DidtFrb1wIXDOfdyD8eNGJXKsr6Nwtr6xuZWcbu0s7u3f2AeHrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk447vMr/zRISkIX9USUScAA059SlGSksD86RZ6WMvVNULmDM4gUl1YJatmjUDXCV2TsogR3Ng/vS9EMcB4QozJGXPtiLlpEgoihmZlvqxJBHCYzQkPU05Coh00ln+KTzXigf9UOjhCs7UvxcpCqRMAldvBkiN5LKXif95vVj5N05KeRQrwvH8kR8zqEKYlQE9KghWLNEEYUF1VohHSCCsdGULXzyZRZuWdDH2cg2rpH1Zs+u1+sNVuXGbV1QEp+AMVIANrkED3IMmaAEMJuAFvII349l4Nz6Mz/lqwchvjsECjK9f8zqc3g==</latexit>

P (·), P (·|y)
<latexit sha1_base64="rgKESsBYgTWLKptP+7IjOhxT5Rs=">AAACGnicbZDLSsNAFIYn9VbrLepShMEitCAlEakui25cVrAXaEKZTCbt0MmFmYkYYle+hi/gVt/Anbh14wv4HE7aCLb1h4GP/5zDOfM7EaNCGsaXVlhaXlldK66XNja3tnf03b22CGOOSQuHLORdBwnCaEBakkpGuhEnyHcY6Tijq6zeuSNc0DC4lUlEbB8NAupRjKSy+vrhPbQE9WGzYmE3lNWTX4IPMKn29bJRMyaCi2DmUAa5mn3923JDHPskkJghIXqmEUk7RVxSzMi4ZMWCRAiP0ID0FAbIJ8JOJ98Yw2PluNALuXqBhBP370SKfCES31GdPpJDMV/LzP9qvVh6F3ZKgyiWJMDTRV7MoAxhlgl0KSdYskQBwpyqWyEeIo6wVMnNbHFFdtq4pIIx52NYhPZpzazX6jdn5cZlHlERHIAjUAEmOAcNcA2aoAUweATP4AW8ak/am/aufUxbC1o+sw9mpH3+APgkn4E=</latexit>

x ⇠ P (·), P (·|y)
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Modeling Sampling

Autoregressive Autoregressive
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P (·), P (·|y)
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x ⇠ P (·), P (·|y)
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Modeling Sampling
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<latexit sha1_base64="ZepFV6YNdAKWZQEusMPlCId6ljU=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARWpCSiFSXRTcuK9gHtKFMJpN26GQSZiZCSPsZ/oBb/QN34tYP8Af8DidtFrb1wIXDOfdyD8eNGJXKsr6Nwtr6xuZWcbu0s7u3f2AeHrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk447vMr/zRISkIX9USUScAA059SlGSksD86RZ6WMvVNULmDM4gUl1YJatmjUDXCV2TsogR3Ng/vS9EMcB4QozJGXPtiLlpEgoihmZlvqxJBHCYzQkPU05Coh00ln+KTzXigf9UOjhCs7UvxcpCqRMAldvBkiN5LKXif95vVj5N05KeRQrwvH8kR8zqEKYlQE9KghWLNEEYUF1VohHSCCsdGULXzyZRZuWdDH2cg2rpH1Zs+u1+sNVuXGbV1QEp+AMVIANrkED3IMmaAEMJuAFvII349l4Nz6Mz/lqwchvjsECjK9f8zqc3g==</latexit>

P (·), P (·|y)
<latexit sha1_base64="rgKESsBYgTWLKptP+7IjOhxT5Rs=">AAACGnicbZDLSsNAFIYn9VbrLepShMEitCAlEakui25cVrAXaEKZTCbt0MmFmYkYYle+hi/gVt/Anbh14wv4HE7aCLb1h4GP/5zDOfM7EaNCGsaXVlhaXlldK66XNja3tnf03b22CGOOSQuHLORdBwnCaEBakkpGuhEnyHcY6Tijq6zeuSNc0DC4lUlEbB8NAupRjKSy+vrhPbQE9WGzYmE3lNWTX4IPMKn29bJRMyaCi2DmUAa5mn3923JDHPskkJghIXqmEUk7RVxSzMi4ZMWCRAiP0ID0FAbIJ8JOJ98Yw2PluNALuXqBhBP370SKfCES31GdPpJDMV/LzP9qvVh6F3ZKgyiWJMDTRV7MoAxhlgl0KSdYskQBwpyqWyEeIo6wVMnNbHFFdtq4pIIx52NYhPZpzazX6jdn5cZlHlERHIAjUAEmOAcNcA2aoAUweATP4AW8ak/am/aufUxbC1o+sw9mpH3+APgkn4E=</latexit>

x ⇠ P (·), P (·|y)
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Modeling Sampling

Autoregressive

Diffusion

Autoregressive

Denoising

<latexit sha1_base64="ZepFV6YNdAKWZQEusMPlCId6ljU=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARWpCSiFSXRTcuK9gHtKFMJpN26GQSZiZCSPsZ/oBb/QN34tYP8Af8DidtFrb1wIXDOfdyD8eNGJXKsr6Nwtr6xuZWcbu0s7u3f2AeHrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk447vMr/zRISkIX9USUScAA059SlGSksD86RZ6WMvVNULmDM4gUl1YJatmjUDXCV2TsogR3Ng/vS9EMcB4QozJGXPtiLlpEgoihmZlvqxJBHCYzQkPU05Coh00ln+KTzXigf9UOjhCs7UvxcpCqRMAldvBkiN5LKXif95vVj5N05KeRQrwvH8kR8zqEKYlQE9KghWLNEEYUF1VohHSCCsdGULXzyZRZuWdDH2cg2rpH1Zs+u1+sNVuXGbV1QEp+AMVIANrkED3IMmaAEMJuAFvII349l4Nz6Mz/lqwchvjsECjK9f8zqc3g==</latexit>

P (·), P (·|y)
<latexit sha1_base64="rgKESsBYgTWLKptP+7IjOhxT5Rs=">AAACGnicbZDLSsNAFIYn9VbrLepShMEitCAlEakui25cVrAXaEKZTCbt0MmFmYkYYle+hi/gVt/Anbh14wv4HE7aCLb1h4GP/5zDOfM7EaNCGsaXVlhaXlldK66XNja3tnf03b22CGOOSQuHLORdBwnCaEBakkpGuhEnyHcY6Tijq6zeuSNc0DC4lUlEbB8NAupRjKSy+vrhPbQE9WGzYmE3lNWTX4IPMKn29bJRMyaCi2DmUAa5mn3923JDHPskkJghIXqmEUk7RVxSzMi4ZMWCRAiP0ID0FAbIJ8JOJ98Yw2PluNALuXqBhBP370SKfCES31GdPpJDMV/LzP9qvVh6F3ZKgyiWJMDTRV7MoAxhlgl0KSdYskQBwpyqWyEeIo6wVMnNbHFFdtq4pIIx52NYhPZpzazX6jdn5cZlHlERHIAjUAEmOAcNcA2aoAUweATP4AW8ak/am/aufUxbC1o+sw9mpH3+APgkn4E=</latexit>

x ⇠ P (·), P (·|y)
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VAE (Kingma & Welling, 2013)

Low-D
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z
<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z
<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)

<latexit sha1_base64="rNHLCjnl4cyBGKVlrvdZVSs9nyw=">AAACGHicbVDLSsNAFJ3UV62vqMtuBovQgpSkSHVZdKMbqWAf0MQymU7aoTNJmJkINWThb/gDbvUP3Ilbd/6A3+H0sbCtBy4czrmXe+/xIkalsqxvI7Oyura+kd3MbW3v7O6Z+wdNGcYCkwYOWSjaHpKE0YA0FFWMtCNBEPcYaXnDy7HfeiBC0jC4U6OIuBz1A+pTjJSWumY+caQPb9Kiw+PiY+kEOpL2ObqvwOtS1yxYZWsCuEzsGSmAGepd88fphTjmJFCYISk7thUpN0FCUcxImnNiSSKEh6hPOpoGiBPpJpMnUnislR70Q6ErUHCi/p1IEJdyxD3dyZEayEVvLP7ndWLln7sJDaJYkQBPF/kxgyqE40RgjwqCFRtpgrCg+laIB0ggrHRuc1t6cnxamtPB2IsxLJNmpWxXy9Xb00LtYhZRFuTBESgCG5yBGrgCddAAGDyBF/AK3oxn4934MD6nrRljNnMI5mB8/QLOQp7o</latexit>

N(µ(z),�2I)

<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)

<latexit sha1_base64="rNHLCjnl4cyBGKVlrvdZVSs9nyw=">AAACGHicbVDLSsNAFJ3UV62vqMtuBovQgpSkSHVZdKMbqWAf0MQymU7aoTNJmJkINWThb/gDbvUP3Ilbd/6A3+H0sbCtBy4czrmXe+/xIkalsqxvI7Oyura+kd3MbW3v7O6Z+wdNGcYCkwYOWSjaHpKE0YA0FFWMtCNBEPcYaXnDy7HfeiBC0jC4U6OIuBz1A+pTjJSWumY+caQPb9Kiw+PiY+kEOpL2ObqvwOtS1yxYZWsCuEzsGSmAGepd88fphTjmJFCYISk7thUpN0FCUcxImnNiSSKEh6hPOpoGiBPpJpMnUnislR70Q6ErUHCi/p1IEJdyxD3dyZEayEVvLP7ndWLln7sJDaJYkQBPF/kxgyqE40RgjwqCFRtpgrCg+laIB0ggrHRuc1t6cnxamtPB2IsxLJNmpWxXy9Xb00LtYhZRFuTBESgCG5yBGrgCddAAGDyBF/AK3oxn4934MD6nrRljNnMI5mB8/QLOQp7o</latexit>

N(µ(z),�2I)

<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)

<latexit sha1_base64="rNHLCjnl4cyBGKVlrvdZVSs9nyw=">AAACGHicbVDLSsNAFJ3UV62vqMtuBovQgpSkSHVZdKMbqWAf0MQymU7aoTNJmJkINWThb/gDbvUP3Ilbd/6A3+H0sbCtBy4czrmXe+/xIkalsqxvI7Oyura+kd3MbW3v7O6Z+wdNGcYCkwYOWSjaHpKE0YA0FFWMtCNBEPcYaXnDy7HfeiBC0jC4U6OIuBz1A+pTjJSWumY+caQPb9Kiw+PiY+kEOpL2ObqvwOtS1yxYZWsCuEzsGSmAGepd88fphTjmJFCYISk7thUpN0FCUcxImnNiSSKEh6hPOpoGiBPpJpMnUnislR70Q6ErUHCi/p1IEJdyxD3dyZEayEVvLP7ndWLln7sJDaJYkQBPF/kxgyqE40RgjwqCFRtpgrCg+laIB0ggrHRuc1t6cnxamtPB2IsxLJNmpWxXy9Xb00LtYhZRFuTBESgCG5yBGrgCddAAGDyBF/AK3oxn4934MD6nrRljNnMI5mB8/QLOQp7o</latexit>

N(µ(z),�2I)

<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
Conditional Gaussian

Forward

Backward
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<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x <latexit sha1_base64="6PMdcn5urOOE1LrUZXPjHFocHSg=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaoIN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/DpqVhg==</latexit>z

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="YCeF1IsFZLvkNO0X0b9ocOhDuR8=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEinU6Ch05m0HSOOLP0Bt/oH7oxbP8Qf8DvswCwEPEmTk3PuzT09XsSZ0rb9beVWVtfWN/Kbha3tnd294v5BU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Dr1W/dUKhaKOz2OqBvggWB9RrA2UjsqP6In9HDaK5bsij0FWiZORkqQod4r/nT9kMQBFZpwrFTHsSPtJlhqRjidFLqxohEmIzygHUMFDqhyk2neCToxio/6oTRPaDRV/24kOFBqHHhmMsB6qBa9VPzP68S6f+kmTESxpoLMDvVjjnSI0s8jn0lKNB8bgolkJisiQywx0aaiuSu+SqNNCqYYZ7GGZdI8qzjVSvX2vFS7yirKwxEcQxkcuIAa3EAdGkCAwwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc5TpfB</latexit>

p(z|x)

<latexit sha1_base64="hxGJR5Do5e6U+RT8r1FkenMxz90=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKR6rLoxmUF+4A2lslk0g6dPJi5EWvMF/gDbvUP3Ilbv8If8DuctFnY1gMXDufcyz0cJxJcgWl+G0vLK6tr64WN4ubW9s5uaW+/pcJYUtakoQhlxyGKCR6wJnAQrBNJRnxHsLYzusr89j2TiofBLYwjZvtkEHCPUwJauosqvSGB5CHFT/jxpF8qm1VzArxIrJyUUY5Gv/TTc0Ma+ywAKohSXcuMwE6IBE4FS4u9WLGI0BEZsK6mAfGZspNJ6hQfa8XFXij1BIAn6t+LhPhKjX1Hb/oEhmrey8T/vG4M3oWd8CCKgQV0+siLBYYQZxVgl0tGQYw1IVRynRXTIZGEgi5q5oursmhpURdjzdewSFqnVatWrd2cleuXeUUFdIiOUAVZ6BzV0TVqoCaiSKIX9IrejGfj3fgwPqerS0Z+c4BmYHz9AkfOmo4=</latexit>

p(x̂|z)

<latexit sha1_base64="rNHLCjnl4cyBGKVlrvdZVSs9nyw=">AAACGHicbVDLSsNAFJ3UV62vqMtuBovQgpSkSHVZdKMbqWAf0MQymU7aoTNJmJkINWThb/gDbvUP3Ilbd/6A3+H0sbCtBy4czrmXe+/xIkalsqxvI7Oyura+kd3MbW3v7O6Z+wdNGcYCkwYOWSjaHpKE0YA0FFWMtCNBEPcYaXnDy7HfeiBC0jC4U6OIuBz1A+pTjJSWumY+caQPb9Kiw+PiY+kEOpL2ObqvwOtS1yxYZWsCuEzsGSmAGepd88fphTjmJFCYISk7thUpN0FCUcxImnNiSSKEh6hPOpoGiBPpJpMnUnislR70Q6ErUHCi/p1IEJdyxD3dyZEayEVvLP7ndWLln7sJDaJYkQBPF/kxgyqE40RgjwqCFRtpgrCg+laIB0ggrHRuc1t6cnxamtPB2IsxLJNmpWxXy9Xb00LtYhZRFuTBESgCG5yBGrgCddAAGDyBF/AK3oxn4934MD6nrRljNnMI5mB8/QLOQp7o</latexit>

N(µ(z),�2I)

<latexit sha1_base64="MRJUec8IQ8acCzl0E5TkuPl6QME=">AAACCHicbVDLSsNAFL3xWeur6tLNYBEqSElEqsuiG91IBfuANpTJZNIOnTycmQgl5Af8Abf6B+7ErX/hD/gdTtosbOuBC4dz7uUejhNxJpVpfhtLyyura+uFjeLm1vbObmlvvyXDWBDaJCEPRcfBknIW0KZiitNOJCj2HU7bzug689tPVEgWBg9qHFHbx4OAeYxgpSU76UkP3aUV8xTdnvRLZbNqToAWiZWTMuRo9Es/PTcksU8DRTiWsmuZkbITLBQjnKbFXixphMkID2hX0wD7VNrJJHSKjrXiIi8UegKFJurfiwT7Uo59R2/6WA3lvJeJ/3ndWHmXdsKCKFY0INNHXsyRClHWAHKZoETxsSaYCKazIjLEAhOle5r54sosWlrUxVjzNSyS1lnVqlVr9+fl+lVeUQEO4QgqYMEF1OEGGtAEAo/wAq/wZjwb78aH8TldXTLymwOYgfH1CwVAmTU=</latexit>

N(0, I)
<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
Conditional Gaussian

Forward

Backward
One-step transformation?



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers
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<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers
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<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers

11

Forward

Backward

Latent z



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers

11
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Forward
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Latent z

<latexit sha1_base64="zNYgeYlG3fG6KPKwXXSDv/1ZCEg=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtakmKVJdFN7qRCn1BU8NkOmmHziRhZiKWkI9w46+4caGIWxfu/Bunj4W2HrhwOOde7r3HixiVyrK+jYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pAkjAakrqhipBUJgrjHSNMbXI785j0RkoZBTQ0j0uGoF1CfYqS05JpHiSN9eJPmHR67tbzTRyp5SN2kdmKnhWPoSNrjyK3dleB1wTVzVtEaA84Te0pyYIqqa3453RDHnAQKMyRl27Yi1UmQUBQzkmadWJII4QHqkbamAeJEdpLxUyk81EoX+qHQFSg4Vn9PJIhLOeSe7uRI9eWsNxL/89qx8s87CQ2iWJEATxb5MYMqhKOEYJcKghUbaoKwoPpWiPtIIKx0jlkdgj378jxplIp2uVi+Pc1VLqZxZMA+OAB5YIMzUAFXoArqAINH8AxewZvxZLwY78bHpHXBmM7sgT8wPn8AOk+dCQ==</latexit>

N(µT (x̂T�1),�
2
T I)



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers

11
Conditional Gaussian

Forward

Backward

Latent z

<latexit sha1_base64="zNYgeYlG3fG6KPKwXXSDv/1ZCEg=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtakmKVJdFN7qRCn1BU8NkOmmHziRhZiKWkI9w46+4caGIWxfu/Bunj4W2HrhwOOde7r3HixiVyrK+jYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pAkjAakrqhipBUJgrjHSNMbXI785j0RkoZBTQ0j0uGoF1CfYqS05JpHiSN9eJPmHR67tbzTRyp5SN2kdmKnhWPoSNrjyK3dleB1wTVzVtEaA84Te0pyYIqqa3453RDHnAQKMyRl27Yi1UmQUBQzkmadWJII4QHqkbamAeJEdpLxUyk81EoX+qHQFSg4Vn9PJIhLOeSe7uRI9eWsNxL/89qx8s87CQ2iWJEATxb5MYMqhKOEYJcKghUbaoKwoPpWiPtIIKx0jlkdgj378jxplIp2uVi+Pc1VLqZxZMA+OAB5YIMzUAFXoArqAINH8AxewZvxZLwY78bHpHXBmM7sgT8wPn8AOk+dCQ==</latexit>

N(µT (x̂T�1),�
2
T I)

Need to learn



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers
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Conditional Gaussian

Forward
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Latent z

<latexit sha1_base64="zNYgeYlG3fG6KPKwXXSDv/1ZCEg=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtakmKVJdFN7qRCn1BU8NkOmmHziRhZiKWkI9w46+4caGIWxfu/Bunj4W2HrhwOOde7r3HixiVyrK+jYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pAkjAakrqhipBUJgrjHSNMbXI785j0RkoZBTQ0j0uGoF1CfYqS05JpHiSN9eJPmHR67tbzTRyp5SN2kdmKnhWPoSNrjyK3dleB1wTVzVtEaA84Te0pyYIqqa3453RDHnAQKMyRl27Yi1UmQUBQzkmadWJII4QHqkbamAeJEdpLxUyk81EoX+qHQFSg4Vn9PJIhLOeSe7uRI9eWsNxL/89qx8s87CQ2iWJEATxb5MYMqhKOEYJcKghUbaoKwoPpWiPtIIKx0jlkdgj378jxplIp2uVi+Pc1VLqZxZMA+OAB5YIMzUAFXoArqAINH8AxewZvxZLwY78bHpHXBmM7sgT8wPn8AOk+dCQ==</latexit>

N(µT (x̂T�1),�
2
T I)

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
Need to learn



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)

<latexit sha1_base64="9gqPIyKdNRIrX8NPXo3cvOiSCwo=">AAAB/HicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUkAibQkOn0AhOm02ZmaiQN/oBb/QN3xq3/4g/4HU6hCwFPMsnJOffmnjl+zJnSjvNtFdbWNza3itulnd29/YPy4VFbRYmk2KIRj+SDTxRyJrClmeb4EEskoc+x449vM7/ziFKxSNzrSYxeSIaCDRgl2kjNp3654lSdGexV4uakAjka/fJPL4hoEqLQlBOluq4Tay8lUjPKcVrqJQpjQsdkiF1DBQlReeks6NQ+M0pgDyJpntD2TP27kZJQqUnom8mQ6JFa9jLxP6+b6MG1lzIRJxoFnR8aJNzWkZ392g6YRKr5xBBCJTNZbToiklBtulm4Eqgs2rRkinGXa1gl7YuqW6vWmpeV+k1eURFO4BTOwYUrqMMdNKAFFBBe4BXerGfr3fqwPuejBSvfOYYFWF+/C2qVhA==</latexit>x

<latexit sha1_base64="Q6rRJ9rbn98zgFbv4usplICGlpA=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVI9FLx4r2A9sl5JNs21oNrskWWlZ+y+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwoaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/eDP1m49MaR7JezOOmReSvuQBp8RY6SEujboufsKjs26h6JSdGfAycTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsEm+k2gWEzokfda2VJKQaS+dXTzBp1bp4SBStqTBM/X3REpCrcehbztDYgZ60ZuK/3ntxARXXsplnBgm6XxRkAhsIjx9H/e4YtSIsSWEKm5vxXRAFKHGhpS3IbiLLy+TxnnZrZQrdxfF6nUWRw6O4QRK4MIlVOEWalAHChKe4RXekEYv6B19zFtXUDZzBH+APn8AFliP5g==</latexit>

p(x1|x)
Let’s Insert Some Intermediate Layers

11
Conditional Gaussian

Forward

Backward

Latent z

<latexit sha1_base64="zNYgeYlG3fG6KPKwXXSDv/1ZCEg=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgtakmKVJdFN7qRCn1BU8NkOmmHziRhZiKWkI9w46+4caGIWxfu/Bunj4W2HrhwOOde7r3HixiVyrK+jYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pAkjAakrqhipBUJgrjHSNMbXI785j0RkoZBTQ0j0uGoF1CfYqS05JpHiSN9eJPmHR67tbzTRyp5SN2kdmKnhWPoSNrjyK3dleB1wTVzVtEaA84Te0pyYIqqa3453RDHnAQKMyRl27Yi1UmQUBQzkmadWJII4QHqkbamAeJEdpLxUyk81EoX+qHQFSg4Vn9PJIhLOeSe7uRI9eWsNxL/89qx8s87CQ2iWJEATxb5MYMqhKOEYJcKghUbaoKwoPpWiPtIIKx0jlkdgj378jxplIp2uVi+Pc1VLqZxZMA+OAB5YIMzUAFXoArqAINH8AxewZvxZLwY78bHpHXBmM7sgT8wPn8AOk+dCQ==</latexit>

N(µT (x̂T�1),�
2
T I)

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡

<latexit sha1_base64="hx0FmdX1FxgOdd3tyOMqqdVZWLI=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LblxWsA9oh5LJZNrQTBKSjFhKd/6AW/0Dd+LWH/EH/A4z7Sxs64HA4Zx7uScnlIxq43nfTmFtfWNzq7hd2tnd2z8oHx61tEgVJk0smFCdEGnCKCdNQw0jHakISkJG2uHoNvPbj0RpKviDGUsSJGjAaUwxMlZq95CUSjz1yxWv6s3grhI/JxXI0eiXf3qRwGlCuMEMad31PWmCCVKGYkampV6qiUR4hAakaylHCdHBZBZ36p5ZJXJjoezjxp2pfzcmKNF6nIR2MkFmqJe9TPzP66Ymvg4mlMvUEI7nh+KUuUa42d/diCqCDRtbgrCiNquLh0ghbGxDC1cinUWblmwx/nINq6R1UfVr1dr9ZaV+k1dUhBM4hXPw4QrqcAcNaAKGEbzAK7w5z8678+F8zkcLTr5zDAtwvn4B6tSYPg==</latexit>

⇡
Need to learn

Markov chain
Gaussian transition



<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .

<latexit sha1_base64="YDdIRVjZ56CM3u+KLpHOUucWMfY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBtIU2lMlk2g6dPJi5EUroxh9wq3/gTtz6J/6A3+GkzcK2Hhg4nHMv98zxEyk02va3tba+sbm1Xdop7+7tHxxWjo5bOk4V4y6LZaw6PtVcioi7KFDyTqI4DX3J2/74LvfbT1xpEUePOEm4F9JhJAaCUTSS2wti1P1K1a7ZM5BV4hSkCgWa/cqP2WNpyCNkkmrddewEvYwqFEzyabmXap5QNqZD3jU0oiHXXjYLOyXnRgnIIFbmRUhm6t+NjIZaT0LfTIYUR3rZy8X/vG6KgxsvE1GSIo/Y/NAglQRjkv+cBEJxhnJiCGVKmKyEjaiiDE0/C1cCnUeblk0xznINq6R1WXPqtfrDVbVxW1RUglM4gwtw4BoacA9NcIGBgBd4hTfr2Xq3PqzP+eiaVeycwAKsr183QZdK</latexit>. . .
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<latexit sha1_base64="fWyKqtMr2l8RF6YALogDiSHfgl4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7QPaUCaTSTt0MgkzE7GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80ilYpF40JOYuiEeChYwgrWR7p8GzqBcsav2DGiVODmpQI7moPzT9yOShFRowrFSPceOtZtiqRnhdFrqJ4rGmIzxkPYMFTikyk1nUafozCg+CiJpntBopv7dSHGo1CT0zGSI9Ugte5n4n9dLdHDlpkzEiaaCzA8FCUc6Qtm/kc8kJZpPDMFEMpMVkRGWmGjTzsIVX2XRpiVTjLNcwyppX1SdWrV2d1lpXOcVFeEETuEcHKhDA26hCS0gMIQXeIU369l6tz6sz/lowcp3jmEB1tcvPDqWKA==</latexit>x1

<latexit sha1_base64="/xCmsLzaQDh+oYX+YclwG7R9F2A=">AAACAnicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lMlk0g6dTMLMjVhCdv6AW/0Dd+LWH/EH/A4nbRa29cDA4Zx7uWeOFwuuwba/rdLa+sbmVnm7srO7t39QPTzq6ChRlLVpJCLV84hmgkvWBg6C9WLFSOgJ1vUmt7nffWRK80g+wDRmbkhGkgecEjBSdzAmkD5lw2rNrtsz4FXiFKSGCrSG1Z+BH9EkZBKoIFr3HTsGNyUKOBUsqwwSzWJCJ2TE+oZKEjLtprO4GT4zio+DSJknAc/UvxspCbWehp6ZDAmM9bKXi/95/QSCazflMk6ASTo/FCQCQ4Tzv2OfK0ZBTA0hVHGTFdMxUYSCaWjhiq/zaFnFFOMs17BKOhd1p1Fv3F/WmjdFRWV0gk7ROXLQFWqiO9RCbUTRBL2gV/RmPVvv1of1OR8tWcXOMVqA9fULCTmYUQ==</latexit>

x̂

<latexit sha1_base64="8URw9/+i7jMKVLBE0YRCxjeJzLM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKrLohvdSIW+oAlhMpm0QycPZiZiifkMf8Ct/oE7cesH+AN+h5O2C9t64MLhnHu5h+PGjAppGN9aYWl5ZXWtuF7a2Nza3tF399oiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w6vc7/zQLigUdiUo5jYAeqH1KcYSSU5+sGj04SWoAFMLeHDu6xinMLbE0cvG1VjDLhIzCkpgykajv5jeRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQxQQYafj/Bk8VooH/YirCSUcq38vUhQIMQpctRkgORDzXi7+5/US6V/aKQ3jRJIQTx75CYMygnkZ0KOcYMlGiiDMqcoK8QBxhKWqbOaLJ/JoWUkVY87XsEjaZ1WzVq3dn5frV9OKiuAQHIEKMMEFqIMb0AAtgMETeAGv4E171t61D+1zslrQpjf7YAba1y/ktZzQ</latexit>

xT ⇠ N(0, I)

<latexit sha1_base64="Z6+vc8jb5C1RXfPGZW0cUhuoDRc=">AAACCHicbVDLSsNAFJ34rPVVdelmsAhuLIlIdVl047JCX9CGMplM26GTSZy5EUvID/gDbvUP3Ilb/8If8DuctFnY1gMXDufcyz0cLxJcg21/Wyura+sbm4Wt4vbO7t5+6eCwpcNYUdakoQhVxyOaCS5ZEzgI1okUI4EnWNsb32Z++5EpzUPZgEnE3IAMJR9wSsBIbm9EIHlK+0nj3En7pbJdsafAy8TJSRnlqPdLPz0/pHHAJFBBtO46dgRuQhRwKlha7MWaRYSOyZB1DZUkYNpNpqFTfGoUHw9CZUYCnqp/LxISaD0JPLMZEBjpRS8T//O6MQyu3YTLKAYm6ezRIBYYQpw1gH2uGAUxMYRQxU1WTEdEEQqmp7kvvs6ipUVTjLNYwzJpXVScaqV6f1mu3eQVFdAxOkFnyEFXqIbuUB01EUUP6AW9ojfr2Xq3PqzP2eqKld8coTlYX789h5qW</latexit>

x̂T�1

<latexit sha1_base64="pVtBHfFi6awN4segICiCwfsI6Y4=">AAACBHicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbduKxgH9KGMplM2qEzkzAzEUvI1h9wq3/gTtz6H/6A3+GkzcK2Hhg4nHMv98zxY0aVdpxva2V1bX1js7RV3t7Z3duvHBy2VZRITFo4YpHs+kgRRgVpaaoZ6caSIO4z0vHHN7nfeSRS0Ujc60lMPI6GgoYUI22kh/4I6fQpGziDStWpOVPYy8QtSBUKNAeVn34Q4YQToTFDSvVcJ9ZeiqSmmJGs3E8UiREeoyHpGSoQJ8pLp4Ez+9QogR1G0jyh7an6dyNFXKkJ980kR3qkFr1c/M/rJTq88lIq4kQTgWeHwoTZOrLz39sBlQRrNjEEYUlNVhuPkERYm47mrgQqj5aVTTHuYg3LpH1ec+u1+t1FtXFdVFSCYziBM3DhEhpwC01oAQYOL/AKb9az9W59WJ+z0RWr2DmCOVhfvz2rmPQ=</latexit>

x̂0

<latexit sha1_base64="+anHs9FN2KuaJHtxBtQHHYod5Iw=">AAACF3icbZDLSsNAFIYn9VbrLepON4NFqAtLIlJdFt24rNAbtCFMJpN26GQSZiZiiQFfwxdwq2/gTty69AV8DqdtFrb6w8DHf87hnPm9mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bRonApIUjFomuhyRhlJOWooqRbiwICj1GOt7oelLv3BEhacSbahwTJ0QDTgOKkdKWax7Elf4QqfQ+gw8wJzdtntrZiWuWrao1FfwLdg5lkKvhmt99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKeRo5BIJ53+IYPH2vFhEAn9uIJT9/dEikIpx6GnO0OkhnKxNjH/q/USFVw6KeVxogjHs0VBwqCK4CQQ6FNBsGJjDQgLqm+FeIgEwkrHNrfFl5PTspIOxl6M4S+0z6p2rVq7PS/Xr/KIiuAQHIEKsMEFqIMb0AAtgMEjeAYv4NV4Mt6Md+Nj1low8pl9MCfj8wcsbJ/P</latexit>

p(x̂|x̂T�1)
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Conditional Gaussian

Forward

Backward

Latent z
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⇡
Need to learn

Markov chain
Gaussian transition

S. Chan, “Tutorial on Diffusion
        Models for Imaging and Vision”
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High-D

U-Net

Transformer
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Forward Process – Noise Corruption
• Noise corruption process

• The noise corruption

13

Add Gaussian noise

Insert infinitely many 
intermediate layers!



Backward Process – Sample Generation
• Time reversal in distribution

14

• The math (Anderson, 1982; Haussmann and Pardoux, 1986) 

Forward

Backward
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Backward Process – Sample Generation
• Time reversal in distribution

14

• The math (Anderson, 1982; Haussmann and Pardoux, 1986) 

Forward

Backward
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µt(·) Tang & Zhao, “Score-based
Diffusion Models via SDE”



Forward and Backward Coupling
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Forward and Backward Coupling

15

Distribution

Unsupervised learning Regression!

Training
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Score
Function

Modeling 
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Noise Transformation

Data Noise Noise Data

Diffusion Model

Training Inference

Neural networks: U-Net, transformer

SDE SDE

ODE Fast sampling
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Data Noise

Decomposition of Diffusion Models
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Score
Function

Modeling 
Estimating Score
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Noise Transformation
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Diffusion Model

Training Inference

Neural networks: U-Net, transformer

SDE SDE
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�t(x) = vt(�t(x))
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From           to 
• Text-to-image generation (Black et al., 2023)

• Protein generation with biochemical properties (Watson et al., 
2023; Gruver et al., 2023)
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Adding Guidance to Diffusion Models
• Conditioned sample generation

18

Guidance

Classifier guidance (Dhariwal & Nichol, 2021)
Classifier-free guidance (Ho & Salimans, 2022)



The Bayes Rule – Classifier Guidance
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A Glimpse of Influence in 3D Gaussian Mixture

20

Diversity decrease

Class alignment increase

-- Y. Wu, M. Chen, Z. Li, M. Wang, Y. Wei. “Theoretical Insights for Diffusion 
Guidance: A Case Study for Gaussian Mixture Models”, ICML 2024. 
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• Limitations of classifier guidance

• Classifier-free guidance introduces a mask signal

Discrete label and external training

<latexit sha1_base64="5qHJ1p8EnhQv6yEZruNXLIKq7uk=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxAihDAjEj0GvXiMYBZIhqGnU5M06VnorhFjCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9P5FCo21/W0vLK6tr65mN7ObW9s5ubm+/ruNUcajxWMaq6TMNUkRQQ4ESmokCFvoSGn7/euw37kFpEUd3OEjADVk3EoHgDI3k5Q615xQeirQNYYIDDVikeOrl8nbJnoAuEmdG8mSGqpf7andinoYQIZdM65ZjJ+gOmULBJYyy7VRDwnifdaFlaMRC0O5wcv2InhilQ4NYmYqQTtTfE0MWaj0IfdMZMuzpeW8s/ue1Ugwu3aGIkhQh4tNFQSopxnQcBe0IBRzlwBDGlTC3Ut5jinE0gWVNCM78y4ukflZyyqXy7Xm+cjWLI0OOyDEpEIdckAq5IVVSI5w8kmfySt6sJ+vFerc+pq1L1mzmgPyB9fkDy/+ULQ==</latexit>

s1(x, ;, t)<latexit sha1_base64="QbacC1fdcMMz84BXT70QB0FrZao=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqheh6MVjBWsLTSib7bRduvlgd1IIof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/YP7MOjJx2nikOLxzJWnYBpkCKCFgqU0EkUsDCQ0A7GdzO/PQGlRRw9YpaAH7JhJAaCMzRSz7Y9ZCm9oR6ECWYasGdXnZozB10lbkGqpECzZ395/ZinIUTIJdO66zoJ+jlTKLiEacVLNSSMj9kQuoZGLATt5/PLp/TMKH06iJWpCOlc/T2Rs1DrLAxMZ8hwpJe9mfif101xcO3nIkpShIgvFg1SSTGmsxhoXyjgKDNDGFfC3Er5iCnG0YRVMSG4yy+vkqeLmluv1R8uq43bIo4yOSGn5Jy45Io0yD1pkhbhZEKeySt5s3LrxXq3PhatJauYOSZ/YH3+AA93k1A=</latexit>

⌧ = ;
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• Limitations of classifier guidance

• Classifier-free guidance introduces a mask signal

Discrete label and external training

<latexit sha1_base64="5qHJ1p8EnhQv6yEZruNXLIKq7uk=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxAihDAjEj0GvXiMYBZIhqGnU5M06VnorhFjCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9P5FCo21/W0vLK6tr65mN7ObW9s5ubm+/ruNUcajxWMaq6TMNUkRQQ4ESmokCFvoSGn7/euw37kFpEUd3OEjADVk3EoHgDI3k5Q615xQeirQNYYIDDVikeOrl8nbJnoAuEmdG8mSGqpf7andinoYQIZdM65ZjJ+gOmULBJYyy7VRDwnifdaFlaMRC0O5wcv2InhilQ4NYmYqQTtTfE0MWaj0IfdMZMuzpeW8s/ue1Ugwu3aGIkhQh4tNFQSopxnQcBe0IBRzlwBDGlTC3Ut5jinE0gWVNCM78y4ukflZyyqXy7Xm+cjWLI0OOyDEpEIdckAq5IVVSI5w8kmfySt6sJ+vFerc+pq1L1mzmgPyB9fkDy/+ULQ==</latexit>

s1(x, ;, t)<latexit sha1_base64="QbacC1fdcMMz84BXT70QB0FrZao=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqheh6MVjBWsLTSib7bRduvlgd1IIof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/YP7MOjJx2nikOLxzJWnYBpkCKCFgqU0EkUsDCQ0A7GdzO/PQGlRRw9YpaAH7JhJAaCMzRSz7Y9ZCm9oR6ECWYasGdXnZozB10lbkGqpECzZ395/ZinIUTIJdO66zoJ+jlTKLiEacVLNSSMj9kQuoZGLATt5/PLp/TMKH06iJWpCOlc/T2Rs1DrLAxMZ8hwpJe9mfif101xcO3nIkpShIgvFg1SSTGmsxhoXyjgKDNDGFfC3Er5iCnG0YRVMSG4yy+vkqeLmluv1R8uq43bIo4yOSGn5Jy45Io0yD1pkhbhZEKeySt5s3LrxXq3PhatJauYOSZ/YH3+AA93k1A=</latexit>

⌧ = ;

<latexit sha1_base64="REw3GndkEqvjyFCea/k5aupQ9o0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVDdC0Y3LCvYBTSiTyaQdOjMJ8xBq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feE2WMKu15305pbX1jc6u8XdnZ3duvugeHHZUaiUkbpyyVvQgpwqggbU01I71MEsQjRrrR+Hbmdx+JVDQVD3qSkZCjoaAJxUhbaeBWA40MvIZ5IDmk8XTg1ry6NwdcJX5BaqBAa+B+BXGKDSdCY4aU6vtepsMcSU0xI9NKYBTJEB6jIelbKhAnKsznh0/hqVVimKTSltBwrv6eyBFXasIj28mRHqllbyb+5/WNTq7CnIrMaCLwYlFiGNQpnKUAYyoJ1mxiCcKS2lshHiGJsLZZVWwI/vLLq6RzXvcb9cb9Ra15U8RRBsfgBJwBH1yCJrgDLdAGGBjwDF7Bm/PkvDjvzseiteQUM0fgD5zPH87dko8=</latexit>

⌧ = id
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s1(x, ;, t)<latexit sha1_base64="QbacC1fdcMMz84BXT70QB0FrZao=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqheh6MVjBWsLTSib7bRduvlgd1IIof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/YP7MOjJx2nikOLxzJWnYBpkCKCFgqU0EkUsDCQ0A7GdzO/PQGlRRw9YpaAH7JhJAaCMzRSz7Y9ZCm9oR6ECWYasGdXnZozB10lbkGqpECzZ395/ZinIUTIJdO66zoJ+jlTKLiEacVLNSSMj9kQuoZGLATt5/PLp/TMKH06iJWpCOlc/T2Rs1DrLAxMZ8hwpJe9mfif101xcO3nIkpShIgvFg1SSTGmsxhoXyjgKDNDGFfC3Er5iCnG0YRVMSG4yy+vkqeLmluv1R8uq43bIo4yOSGn5Jy45Io0yD1pkhbhZEKeySt5s3LrxXq3PhatJauYOSZ/YH3+AA93k1A=</latexit>
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Ignore label to extract common features
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• Classifier-free guidance introduces a mask signal

Discrete label and external training

<latexit sha1_base64="5qHJ1p8EnhQv6yEZruNXLIKq7uk=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxAihDAjEj0GvXiMYBZIhqGnU5M06VnorhFjCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9P5FCo21/W0vLK6tr65mN7ObW9s5ubm+/ruNUcajxWMaq6TMNUkRQQ4ESmokCFvoSGn7/euw37kFpEUd3OEjADVk3EoHgDI3k5Q615xQeirQNYYIDDVikeOrl8nbJnoAuEmdG8mSGqpf7andinoYQIZdM65ZjJ+gOmULBJYyy7VRDwnifdaFlaMRC0O5wcv2InhilQ4NYmYqQTtTfE0MWaj0IfdMZMuzpeW8s/ue1Ugwu3aGIkhQh4tNFQSopxnQcBe0IBRzlwBDGlTC3Ut5jinE0gWVNCM78y4ukflZyyqXy7Xm+cjWLI0OOyDEpEIdckAq5IVVSI5w8kmfySt6sJ+vFerc+pq1L1mzmgPyB9fkDy/+ULQ==</latexit>

s1(x, ;, t)<latexit sha1_base64="QbacC1fdcMMz84BXT70QB0FrZao=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqheh6MVjBWsLTSib7bRduvlgd1IIof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/YP7MOjJx2nikOLxzJWnYBpkCKCFgqU0EkUsDCQ0A7GdzO/PQGlRRw9YpaAH7JhJAaCMzRSz7Y9ZCm9oR6ECWYasGdXnZozB10lbkGqpECzZ395/ZinIUTIJdO66zoJ+jlTKLiEacVLNSSMj9kQuoZGLATt5/PLp/TMKH06iJWpCOlc/T2Rs1DrLAxMZ8hwpJe9mfif101xcO3nIkpShIgvFg1SSTGmsxhoXyjgKDNDGFfC3Er5iCnG0YRVMSG4yy+vkqeLmluv1R8uq43bIo4yOSGn5Jy45Io0yD1pkhbhZEKeySt5s3LrxXq3PhatJauYOSZ/YH3+AA93k1A=</latexit>

⌧ = ;

<latexit sha1_base64="REw3GndkEqvjyFCea/k5aupQ9o0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVDdC0Y3LCvYBTSiTyaQdOjMJ8xBq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feE2WMKu15305pbX1jc6u8XdnZ3duvugeHHZUaiUkbpyyVvQgpwqggbU01I71MEsQjRrrR+Hbmdx+JVDQVD3qSkZCjoaAJxUhbaeBWA40MvIZ5IDmk8XTg1ry6NwdcJX5BaqBAa+B+BXGKDSdCY4aU6vtepsMcSU0xI9NKYBTJEB6jIelbKhAnKsznh0/hqVVimKTSltBwrv6eyBFXasIj28mRHqllbyb+5/WNTq7CnIrMaCLwYlFiGNQpnKUAYyoJ1mxiCcKS2lshHiGJsLZZVWwI/vLLq6RzXvcb9cb9Ra15U8RRBsfgBJwBH1yCJrgDLdAGGBjwDF7Bm/PkvDjvzseiteQUM0fgD5zPH87dko8=</latexit>

⌧ = id

Ignore label to extract common features

Respect label to find specific information

Trained together
Share parameters



Modeling Diverse Data
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Practical Data Is High-D And Complex

• ImageNet resolution:  

23

• Sequential data enlarges the dimension heavily
• also introduces spatial-temporal dependencies 

2D bouncing ball Correlation between frames

Curse of Dimensionality     



Practical High-D Data Is Low-Dimensional

24



Practical High-D Data Is Low-Dimensional

-- Figure credit: (Weinberger & Saul, 2006; P. Pope et al., 2021) 24



How Diffusion Model Finds Structures?
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• Dynamic evolution

Backward



How Diffusion Model Finds Structures?

25

Random
Noise

• Dynamic evolution

• Start from high-D but land in a manifold?

Manifold
(degenerate)

Generated
sample

Backward



Score Function Adapts to Data Structures

• Score decomposition

26

with

• Linear subspace data
<latexit sha1_base64="XqzT6T2G7i2a0byH2j5h0I7J6Yg=">AAACD3icbVBLTsMwFHTKr5RfKEs2FhUSqypBqLCsYMOyIPqRmlA5jtNadZzIdhAlyiG4AFu4ATvEliNwAc6B02ZBW0Z60mjmPb3ReDGjUlnWt1FaWV1b3yhvVra2d3b3zP1qR0aJwKSNIxaJnockYZSTtqKKkV4sCAo9Rrre+Cr3uw9ESBrxOzWJiRuiIacBxUhpaWBWn6BDOXRCpEael95m9/7ArFl1awq4TOyC1ECB1sD8cfwIJyHhCjMkZd+2YuWmSCiKGckqTiJJjPAYDUlfU45CIt10mj2Dx1rxYRAJPVzBqfr3IkWhlJPQ05t5Rrno5eJ/Xj9RwYWbUh4ninA8exQkDKoI5kVAnwqCFZtogrCgOivEIyQQVrquuS++zKNlFV2MvVjDMumc1u1GvXFzVmteFhWVwSE4AifABuegCa5BC7QBBo/gBbyCN+PZeDc+jM/Zaskobg7AHIyvXzqUnKo=</latexit>

z 2 Rd
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<latexit sha1_base64="XqzT6T2G7i2a0byH2j5h0I7J6Yg=">AAACD3icbVBLTsMwFHTKr5RfKEs2FhUSqypBqLCsYMOyIPqRmlA5jtNadZzIdhAlyiG4AFu4ATvEliNwAc6B02ZBW0Z60mjmPb3ReDGjUlnWt1FaWV1b3yhvVra2d3b3zP1qR0aJwKSNIxaJnockYZSTtqKKkV4sCAo9Rrre+Cr3uw9ESBrxOzWJiRuiIacBxUhpaWBWn6BDOXRCpEael95m9/7ArFl1awq4TOyC1ECB1sD8cfwIJyHhCjMkZd+2YuWmSCiKGckqTiJJjPAYDUlfU45CIt10mj2Dx1rxYRAJPVzBqfr3IkWhlJPQ05t5Rrno5eJ/Xj9RwYWbUh4ninA8exQkDKoI5kVAnwqCFZtogrCgOivEIyQQVrquuS++zKNlFV2MvVjDMumc1u1GvXFzVmteFhWVwSE4AifABuegCa5BC7QBBo/gBbyCN+PZeDc+jM/Zaskobg7AHIyvXzqUnKo=</latexit>
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• Score decomposition

Subspace
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Diffusion Model Efficiently Learns Low-D Data

Theorem
ü Score function can be learned efficiently at the rate

ü Underlying distribution is learned at the same rate. 

27
-- M. Chen, K. Huang, T. Zhao, M. Wang. “Score Approximation, Estimation and 

Distribution Recovery of Diffusion Models on Low-Dimensional Data”, ICML 2023



Diffusion Model Efficiently Learns Low-D Data

Theorem
ü Score function can be learned efficiently at the rate

ü Underlying distribution is learned at the same rate. 

27

Take-home message:
ü Accurate in learning data distributions
ü Efficient: no curse of dimensionality
ü Generalizable to manifold data (Tang and Yang, 2024)

-- M. Chen, K. Huang, T. Zhao, M. Wang. “Score Approximation, Estimation and 
Distribution Recovery of Diffusion Models on Low-Dimensional Data”, ICML 2023



Sequence Data with Dependencies

28

• We consider 

•                                      sampling times
•         time varying mean function
•           covariance function (kernel)
•                       marginal covariance matrix

<latexit sha1_base64="ueD4tGQbo4hVv8874AkzlIi7Aow=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGpLpQKLrpSirYB7TDkEkzndDMg+SOUIbixl9x40IRt36FO//GtJ2Fth4IOZxz703u8RLBFVjWt1FYWl5ZXSuulzY2t7Z3zN29lopTSVmTxiKWHY8oJnjEmsBBsE4iGQk9wdre8Gbitx+YVDyO7mGUMCckg4j7nBLQkmseWPgKB66NL3GvH4PSd+Deaq3ummWrYk2BF4mdkzLK0XDNLz2BpiGLgAqiVNe2EnAyIoFTwcalXqpYQuiQDFhX04iETDnZdIUxPtZKH/ux1CcCPFV/d2QkVGoUeroyJBCoeW8i/ud1U/AvnIxHSQosorOH/FRgiPEkD9znklEQI00IlVz/FdOASEJBp1bSIdjzKy+S1mnFrlaqd2fl2nUeRxEdoiN0gmx0jmqojhqoiSh6RM/oFb0ZT8aL8W58zEoLRt6zj/7A+PwBX6iUPQ==</latexit>

0 = h1 < · · · < hN = H
<latexit sha1_base64="9CDl/73xDmci2mK9t9toumVvfGo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv3A7lKy2Wwbmk2WJCuU0n/hxYMiXv033vw3pu0etPXBwOO9GWbmhSln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0zRWiLSC5VN8SaciZoyzDDaTdVFCchp51wdDvzO09UaSbFgxmnNEjwQLCYEWys9OgnWdUnkTTn/XLFrblzoFXi5aQCOZr98pcfSZIlVBjCsdY9z01NMMHKMMLptORnmqaYjPCA9iwVOKE6mMwvnqIzq0QolsqWMGiu/p6Y4ETrcRLazgSboV72ZuJ/Xi8z8XUwYSLNDBVksSjOODISzd5HEVOUGD62BBPF7K2IDLHCxNiQSjYEb/nlVdK+qHn1Wv3+stK4yeMowgmcQhU8uIIG3EETWkBAwDO8wpujnRfn3flYtBacfOYY/sD5/AH/ApB+</latexit>

µ(·)

<latexit sha1_base64="1faBV0CZs1XI+KlE2o1wbytbz/8=">AAACAnicbVC7SgNBFJ31GeNr1UpsBoNgFXZFoo0QTGNhEcE8YHcJs5PZZMjsg5m7wbAEG3/FxkIRW7/Czr9xkmyhiQcGDuecy517/ERwBZb1bSwtr6yurRc2iptb2zu75t5+U8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/UJv4rSGTisfRPYwS5oWkF/GAUwJa6piH7q0Odwm+wi6wB8hq8XDstDt9r2OWrLI1BV4kdk5KKEe9Y3653ZimIYuACqKUY1sJeBmRwKlg46KbKpYQOiA95mgakZApL5ueMMYnWuniIJb6RYCn6u+JjIRKjUJfJ0MCfTXvTcT/PCeF4NLLeJSkwCI6WxSkAkOMJ33gLpeMghhpQqjk+q+Y9okkFHRrRV2CPX/yImmele1KuXJ3Xqpe53UU0BE6RqfIRheoim5QHTUQRY/oGb2iN+PJeDHejY9ZdMnIZw7QHxifP39AluI=</latexit>

⇤ = Cov[Xh]

2D Brownian motion

<latexit sha1_base64="3mP5tqAJanHHFpTVru2NnwBL/LU="></latexit>

X1, . . . , XhN ⇠ GP(µ(·), �(·, ·),⇤)

<latexit sha1_base64="oEGDMkMcXacz51DESNEE4MKHN40=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzItVl0Y3LCvYBnaFkMpk2NJkMSUaoQ/FX3LhQxK3/4c6/MZ3OQqsHLvdwzr3k5gQJo0o7zpdVWlpeWV0rr1c2Nre2d+zdvY4SqcSkjQUTshcgRRiNSVtTzUgvkQTxgJFuML6e+d17IhUV8Z2eJMTnaBjTiGKkjTSwD7wh4hzVPBwKfQrzdjKwq07dyQH/ErcgVVCgNbA/vVDglJNYY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3NEacKD/Lr5/CY6OEMBLSVKxhrv7cyBBXasIDM8mRHqlFbyb+5/VTHV36GY2TVJMYzx+KUga1gLMoYEglwZpNDEFYUnMrxCMkEdYmsIoJwV388l/SOau7jXrj9rzavCriKINDcARqwAUXoAluQAu0AQYP4Am8gFfr0Xq23qz3+WjJKnb2wS9YH99YRZSG</latexit>

�(·, ·)

<latexit sha1_base64="oEGDMkMcXacz51DESNEE4MKHN40=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzItVl0Y3LCvYBnaFkMpk2NJkMSUaoQ/FX3LhQxK3/4c6/MZ3OQqsHLvdwzr3k5gQJo0o7zpdVWlpeWV0rr1c2Nre2d+zdvY4SqcSkjQUTshcgRRiNSVtTzUgvkQTxgJFuML6e+d17IhUV8Z2eJMTnaBjTiGKkjTSwD7wh4hzVPBwKfQrzdjKwq07dyQH/ErcgVVCgNbA/vVDglJNYY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3NEacKD/Lr5/CY6OEMBLSVKxhrv7cyBBXasIDM8mRHqlFbyb+5/VTHV36GY2TVJMYzx+KUga1gLMoYEglwZpNDEFYUnMrxCMkEdYmsIoJwV388l/SOau7jXrj9rzavCriKINDcARqwAUXoAluQAu0AQYP4Am8gFfr0Xq23qz3+WjJKnb2wS9YH99YRZSG</latexit>

�(·, ·)

<latexit sha1_base64="FqEhalrUcZcmVWCzQs0u/eut2jM=">AAACDXicbVDLSsNAFL3xWesr6tLNYBFclUSkuizqwmUV+4Cmlsl00g6dTMLMpFBCv8EfcKt/4E7c+g3+gN/hpM3Cth64cDjnXu7h+DFnSjvOt7Wyura+sVnYKm7v7O7t2weHDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w5vMb46oVCwSj3oc006I+4IFjGBtpK5te0wgL8R64Pvpw+TptmuXnLIzBVombk5KkKPWtX+8XkSSkApNOFaq7Tqx7qRYakY4nRS9RNEYkyHu07ahAodUddJp8gk6NUoPBZE0IzSaqn8vUhwqNQ59s5llVIteJv7ntRMdXHVSJuJEU0Fmj4KEIx2hrAbUY5ISzceGYCKZyYrIAEtMtClr7ktPZdEmRVOMu1jDMmmcl91KuXJ/Uape5xUV4BhO4AxcuIQq3EEN6kBgBC/wCm/Ws/VufVifs9UVK785gjlYX7+9gJvc</latexit>
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<latexit sha1_base64="9CDl/73xDmci2mK9t9toumVvfGo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv3A7lKy2Wwbmk2WJCuU0n/hxYMiXv033vw3pu0etPXBwOO9GWbmhSln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0zRWiLSC5VN8SaciZoyzDDaTdVFCchp51wdDvzO09UaSbFgxmnNEjwQLCYEWys9OgnWdUnkTTn/XLFrblzoFXi5aQCOZr98pcfSZIlVBjCsdY9z01NMMHKMMLptORnmqaYjPCA9iwVOKE6mMwvnqIzq0QolsqWMGiu/p6Y4ETrcRLazgSboV72ZuJ/Xi8z8XUwYSLNDBVksSjOODISzd5HEVOUGD62BBPF7K2IDLHCxNiQSjYEb/nlVdK+qHn1Wv3+stK4yeMowgmcQhU8uIIG3EETWkBAwDO8wpujnRfn3flYtBacfOYY/sD5/AH/ApB+</latexit>

µ(·)

<latexit sha1_base64="1faBV0CZs1XI+KlE2o1wbytbz/8=">AAACAnicbVC7SgNBFJ31GeNr1UpsBoNgFXZFoo0QTGNhEcE8YHcJs5PZZMjsg5m7wbAEG3/FxkIRW7/Czr9xkmyhiQcGDuecy517/ERwBZb1bSwtr6yurRc2iptb2zu75t5+U8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/UJv4rSGTisfRPYwS5oWkF/GAUwJa6piH7q0Odwm+wi6wB8hq8XDstDt9r2OWrLI1BV4kdk5KKEe9Y3653ZimIYuACqKUY1sJeBmRwKlg46KbKpYQOiA95mgakZApL5ueMMYnWuniIJb6RYCn6u+JjIRKjUJfJ0MCfTXvTcT/PCeF4NLLeJSkwCI6WxSkAkOMJ33gLpeMghhpQqjk+q+Y9okkFHRrRV2CPX/yImmele1KuXJ3Xqpe53UU0BE6RqfIRheoim5QHTUQRY/oGb2iN+PJeDHejY9ZdMnIZw7QHxifP39AluI=</latexit>

⇤ = Cov[Xh]

2D Brownian motion

<latexit sha1_base64="3mP5tqAJanHHFpTVru2NnwBL/LU="></latexit>

X1, . . . , XhN ⇠ GP(µ(·), �(·, ·),⇤)

<latexit sha1_base64="oEGDMkMcXacz51DESNEE4MKHN40=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzItVl0Y3LCvYBnaFkMpk2NJkMSUaoQ/FX3LhQxK3/4c6/MZ3OQqsHLvdwzr3k5gQJo0o7zpdVWlpeWV0rr1c2Nre2d+zdvY4SqcSkjQUTshcgRRiNSVtTzUgvkQTxgJFuML6e+d17IhUV8Z2eJMTnaBjTiGKkjTSwD7wh4hzVPBwKfQrzdjKwq07dyQH/ErcgVVCgNbA/vVDglJNYY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3NEacKD/Lr5/CY6OEMBLSVKxhrv7cyBBXasIDM8mRHqlFbyb+5/VTHV36GY2TVJMYzx+KUga1gLMoYEglwZpNDEFYUnMrxCMkEdYmsIoJwV388l/SOau7jXrj9rzavCriKINDcARqwAUXoAluQAu0AQYP4Am8gFfr0Xq23qz3+WjJKnb2wS9YH99YRZSG</latexit>

�(·, ·)

Simplification
ü          only depends on time gaps, i.e.,

<latexit sha1_base64="oEGDMkMcXacz51DESNEE4MKHN40=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzItVl0Y3LCvYBnaFkMpk2NJkMSUaoQ/FX3LhQxK3/4c6/MZ3OQqsHLvdwzr3k5gQJo0o7zpdVWlpeWV0rr1c2Nre2d+zdvY4SqcSkjQUTshcgRRiNSVtTzUgvkQTxgJFuML6e+d17IhUV8Z2eJMTnaBjTiGKkjTSwD7wh4hzVPBwKfQrzdjKwq07dyQH/ErcgVVCgNbA/vVDglJNYY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3NEacKD/Lr5/CY6OEMBLSVKxhrv7cyBBXasIDM8mRHqlFbyb+5/VTHV36GY2TVJMYzx+KUga1gLMoYEglwZpNDEFYUnMrxCMkEdYmsIoJwV388l/SOau7jXrj9rzavCriKINDcARqwAUXoAluQAu0AQYP4Am8gFfr0Xq23qz3+WjJKnb2wS9YH99YRZSG</latexit>

�(·, ·)
<latexit sha1_base64="i/pqybN1I3KllS32TkYp1Uy4/wk=">AAACCnicbVDLSgMxFM3UV62vqks30SK0oGWmSHUjFN24rGAf0JYhk6ZtaDIzJHeEMu3ajb/ixoUibv0Cd/6NaTsLrR4InHvOvdzc44WCa7DtLyu1tLyyupZez2xsbm3vZHf36jqIFGU1GohANT2imeA+qwEHwZqhYkR6gjW84fXUb9wzpXng38EoZB1J+j7vcUrASG72sN0nUpI8uM4JBrdUwJe4nx+bEp9O63HBzebsoj0D/kuchORQgqqb/Wx3AxpJ5gMVROuWY4fQiYkCTgWbZNqRZiGhQ9JnLUN9IpnuxLNTJvjYKF3cC5R5PuCZ+nMiJlLrkfRMpyQw0IveVPzPa0XQu+jE3A8jYD6dL+pFAkOAp7ngLleMghgZQqji5q+YDogiFEx6GROCs3jyX1IvFZ1ysXx7lqtcJXGk0QE6QnnkoHNUQTeoimqIogf0hF7Qq/VoPVtv1vu8NWUlM/voF6yPb5TKl6g=</latexit>

�(t1, t2) = g(|t1 � t2|)

<latexit sha1_base64="oEGDMkMcXacz51DESNEE4MKHN40=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzItVl0Y3LCvYBnaFkMpk2NJkMSUaoQ/FX3LhQxK3/4c6/MZ3OQqsHLvdwzr3k5gQJo0o7zpdVWlpeWV0rr1c2Nre2d+zdvY4SqcSkjQUTshcgRRiNSVtTzUgvkQTxgJFuML6e+d17IhUV8Z2eJMTnaBjTiGKkjTSwD7wh4hzVPBwKfQrzdjKwq07dyQH/ErcgVVCgNbA/vVDglJNYY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3NEacKD/Lr5/CY6OEMBLSVKxhrv7cyBBXasIDM8mRHqlFbyb+5/VTHV36GY2TVJMYzx+KUga1gLMoYEglwZpNDEFYUnMrxCMkEdYmsIoJwV388l/SOau7jXrj9rzavCriKINDcARqwAUXoAluQAu0AQYP4Am8gFfr0Xq23qz3+WjJKnb2wS9YH99YRZSG</latexit>

�(·, ·)

<latexit sha1_base64="FqEhalrUcZcmVWCzQs0u/eut2jM=">AAACDXicbVDLSsNAFL3xWesr6tLNYBFclUSkuizqwmUV+4Cmlsl00g6dTMLMpFBCv8EfcKt/4E7c+g3+gN/hpM3Cth64cDjnXu7h+DFnSjvOt7Wyura+sVnYKm7v7O7t2weHDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w5vMb46oVCwSj3oc006I+4IFjGBtpK5te0wgL8R64Pvpw+TptmuXnLIzBVombk5KkKPWtX+8XkSSkApNOFaq7Tqx7qRYakY4nRS9RNEYkyHu07ahAodUddJp8gk6NUoPBZE0IzSaqn8vUhwqNQ59s5llVIteJv7ntRMdXHVSJuJEU0Fmj4KEIx2hrAbUY5ISzceGYCKZyYrIAEtMtClr7ktPZdEmRVOMu1jDMmmcl91KuXJ/Uape5xUV4BhO4AxcuIQq3EEN6kBgBC/wCm/Ws/VufVifs9UVK785gjlYX7+9gJvc</latexit>

2 RD



Description of Spatial-Temporal Dependencies
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• We stack data together as a vector in        , whose distribution 
is Gaussian  

<latexit sha1_base64="rOVnAfg6Sv1TY1itneRmY4kJq+Q="></latexit>

N

0

B@

2

64
µ(h1)

...
µ(hN )

3

75 ,�⌦ ⇤ =

2

64
�(h1, h1)⇤, . . . , �(h1, hN )⇤

...
�(hN , h1)⇤, . . . , �(hN , hN )⇤

3

75

1

CA

Spatial dependenciesTemporal dependencies

<latexit sha1_base64="kyoWRXQ30ZYNWCg78W98N5etxmc=">AAACIXicbVDLSgMxFM3UV62vqks3wSpUkDIj0uqu6MaFiwr2AZ1S7mTSNjSZGZKMUIb5AX/DH3Crf+BO3Il7v8P0sbDVAyGHc+7NvTlexJnStv1pZZaWV1bXsuu5jc2t7Z387l5DhbEktE5CHsqWB4pyFtC6ZprTViQpCI/Tpje8HvvNByoVC4N7PYpoR0A/YD1GQBupmz9y+yAEFAfdpGKnp9jcl3Z6gl3ihxq7t+YlH7r5gl2yJ8B/iTMjBTRDrZv/dv2QxIIGmnBQqu3Yke4kIDUjnKY5N1Y0AjKEPm0bGoCgqpNMfpPiY6P4uBdKcwKNJ+rvjgSEUiPhmUoBeqAWvbH4n9eOde+ik7AgijUNyHRQL+ZYh3gcDfaZpETzkSFAJDO7YjIACUSbAOem+Gq8WpozwTiLMfwljbOSUy6V784L1atZRFl0gA5RETmogqroBtVQHRH0iJ7RC3q1nqw36936mJZmrFnPPpqD9fUDGbiiyA==</latexit>

�(h70, h90) · ⇤

<latexit sha1_base64="f2x+7WHRbUOgmpkbYAKoJdekBCk=">AAACIXicbVDLSgMxFM3UV62vUZduglWoIGWmSHVZdOPCRQX7gE4pdzJpG5rMDElGKEN/wN/wB9zqH7gTd+Le7zB9LGzrgZDDOffm3hw/5kxpx/myMiura+sb2c3c1vbO7p69f1BXUSIJrZGIR7Lpg6KchbSmmea0GUsKwue04Q9uxn7jkUrFovBBD2PaFtALWZcR0Ebq2CdeD4SAQr+TlpzROZ7eZ9gjQaSxd2deCqBj552iMwFeJu6M5NEM1Y794wURSQQNNeGgVMt1Yt1OQWpGOB3lvETRGMgAerRlaAiCqnY6+c0InxolwN1ImhNqPFH/dqQglBoK31QK0H216I3F/7xWortX7ZSFcaJpSKaDugnHOsLjaHDAJCWaDw0BIpnZFZM+SCDaBDg3JVDj1UY5E4y7GMMyqZeKbrlYvr/IV65nEWXRETpGBeSiS1RBt6iKaoigJ/SCXtGb9Wy9Wx/W57Q0Y816DtEcrO9fBaSivA==</latexit>

�(h20, h20) · ⇤

<latexit sha1_base64="ygYYL36NEMhpKXPde+eoruncFWk=">AAACDHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LunAlVewD2lgmk0k7dPJgZiKUkF/wB9zqH7gTt/6DP+B3OGm7sK0HLhzOuZd7OG7MmVSW9W0UVlbX1jeKm6Wt7Z3dsrm335JRIghtkohHouNiSTkLaVMxxWknFhQHLqdtd3SV++0nKiSLwgc1jqkT4EHIfEaw0lLfLPcCrIaum95nj+n1bdY3K1bVmgAtE3tGKjBDo2/+9LyIJAENFeFYyq5txcpJsVCMcJqVeomkMSYjPKBdTUMcUOmkk+AZOtaKh/xI6AkVmqh/L1IcSDkOXL2Zx5SLXi7+53UT5V84KQvjRNGQTB/5CUcqQnkLyGOCEsXHmmAimM6KyBALTJTuau6LJ/NoWUkXYy/WsExap1W7Vq3dnVXql7OKinAIR3ACNpxDHW6gAU0gkMALvMKb8Wy8Gx/G53S1YMxuDmAOxtcvgPqbxQ==</latexit>

RDN



Description of Spatial-Temporal Dependencies

29

• We stack data together as a vector in        , whose distribution 
is Gaussian  

<latexit sha1_base64="rOVnAfg6Sv1TY1itneRmY4kJq+Q="></latexit>

N

0

B@

2

64
µ(h1)

...
µ(hN )

3

75 ,�⌦ ⇤ =

2

64
�(h1, h1)⇤, . . . , �(h1, hN )⇤

...
�(hN , h1)⇤, . . . , �(hN , hN )⇤

3

75

1

CA

Spatial dependenciesTemporal dependencies

<latexit sha1_base64="kyoWRXQ30ZYNWCg78W98N5etxmc=">AAACIXicbVDLSgMxFM3UV62vqks3wSpUkDIj0uqu6MaFiwr2AZ1S7mTSNjSZGZKMUIb5AX/DH3Crf+BO3Il7v8P0sbDVAyGHc+7NvTlexJnStv1pZZaWV1bXsuu5jc2t7Z387l5DhbEktE5CHsqWB4pyFtC6ZprTViQpCI/Tpje8HvvNByoVC4N7PYpoR0A/YD1GQBupmz9y+yAEFAfdpGKnp9jcl3Z6gl3ihxq7t+YlH7r5gl2yJ8B/iTMjBTRDrZv/dv2QxIIGmnBQqu3Yke4kIDUjnKY5N1Y0AjKEPm0bGoCgqpNMfpPiY6P4uBdKcwKNJ+rvjgSEUiPhmUoBeqAWvbH4n9eOde+ik7AgijUNyHRQL+ZYh3gcDfaZpETzkSFAJDO7YjIACUSbAOem+Gq8WpozwTiLMfwljbOSUy6V784L1atZRFl0gA5RETmogqroBtVQHRH0iJ7RC3q1nqw36936mJZmrFnPPpqD9fUDGbiiyA==</latexit>

�(h70, h90) · ⇤

<latexit sha1_base64="f2x+7WHRbUOgmpkbYAKoJdekBCk=">AAACIXicbVDLSgMxFM3UV62vUZduglWoIGWmSHVZdOPCRQX7gE4pdzJpG5rMDElGKEN/wN/wB9zqH7gTd+Le7zB9LGzrgZDDOffm3hw/5kxpx/myMiura+sb2c3c1vbO7p69f1BXUSIJrZGIR7Lpg6KchbSmmea0GUsKwue04Q9uxn7jkUrFovBBD2PaFtALWZcR0Ebq2CdeD4SAQr+TlpzROZ7eZ9gjQaSxd2deCqBj552iMwFeJu6M5NEM1Y794wURSQQNNeGgVMt1Yt1OQWpGOB3lvETRGMgAerRlaAiCqnY6+c0InxolwN1ImhNqPFH/dqQglBoK31QK0H216I3F/7xWortX7ZSFcaJpSKaDugnHOsLjaHDAJCWaDw0BIpnZFZM+SCDaBDg3JVDj1UY5E4y7GMMyqZeKbrlYvr/IV65nEWXRETpGBeSiS1RBt6iKaoigJ/SCXtGb9Wy9Wx/W57Q0Y816DtEcrO9fBaSivA==</latexit>

�(h20, h20) · ⇤

Huge dimension?

<latexit sha1_base64="ygYYL36NEMhpKXPde+eoruncFWk=">AAACDHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LunAlVewD2lgmk0k7dPJgZiKUkF/wB9zqH7gTt/6DP+B3OGm7sK0HLhzOuZd7OG7MmVSW9W0UVlbX1jeKm6Wt7Z3dsrm335JRIghtkohHouNiSTkLaVMxxWknFhQHLqdtd3SV++0nKiSLwgc1jqkT4EHIfEaw0lLfLPcCrIaum95nj+n1bdY3K1bVmgAtE3tGKjBDo2/+9LyIJAENFeFYyq5txcpJsVCMcJqVeomkMSYjPKBdTUMcUOmkk+AZOtaKh/xI6AkVmqh/L1IcSDkOXL2Zx5SLXi7+53UT5V84KQvjRNGQTB/5CUcqQnkLyGOCEsXHmmAimM6KyBALTJTuau6LJ/NoWUkXYy/WsExap1W7Vq3dnVXql7OKinAIR3ACNpxDHW6gAU0gkMALvMKb8Wy8Gx/G53S1YMxuDmAOxtcvgPqbxQ==</latexit>

RDN



Proper Score Network Learns Dependencies  

30

• We simulate a Gaussian process with 128 length
• Diffusion model with transformer learns very well!

learned at 20th

learned at 70th truth at 70th

truth at 20th



Represent Score via Algorithm Unrolling

31

<latexit sha1_base64="SkObitKtjwIx5kQEba95r1c/Shc="></latexit>

r log pt(vt) = arg min
s2RdN

Lt(s) =
1

2
s>

�
↵2
t (�⌦⇤) + �2

t I
�
s� (vt � ↵tµ)

>s

Gradient
Descent

<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="WQRHinWH/94ialfnYtmJOK7Z6/A=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6fZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJklZzA</latexit>

s(1)i

<latexit sha1_base64="f+2sMzbUlYBhv1806Prh31DFfsc=">AAACD3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WXRjeCmgn1AG8NkMmmHTiZhZiKWkI/wB9zqH7gTt36CP+B3OGmzsK0HLhzOuZd7OF7MqFSW9W2srK6tb2yWtsrbO7t7++ZBpSOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yd+91HIiSN+L2axMQJ0ZDTgGKktOSalUGI1MgLUpm59CGt3Z5mrlm16tYUcJnYBamCAi3X/Bn4EU5CwhVmSMq+bcXKSZFQFDOSlQeJJDHCYzQkfU05Col00mn2DJ5oxYdBJPRwBafq34sUhVJOQk9v5knlopeL/3n9RAWXTkp5nCjC8exRkDCoIpgXAX0qCFZsognCguqsEI+QQFjpuua++DKPlpV1MfZiDcukc1a3G/XG3Xm1eVVUVAJH4BjUgA0uQBPcgBZoAwyewAt4BW/Gs/FufBifs9UVo7g5BHMwvn4Bjjmc2g==</latexit>

s(K)
i

<latexit sha1_base64="EVzPOYEoekeqkBWTBTzSbqMDq7w=">AAACAXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gHtUDKZtI3NJENyRyhDV/6AW/0Dd+LWL/EH/A4z7Sxs64HA4Zx7uScniAU34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo0ZU2qhNKdgBgmuGRN4CBYJ9aMRIFg7WB8m/ntJ6YNV/IBJjHzIzKUfMApASu1ejRUYPrlilt1Z8CrxMtJBeVo9Ms/vVDRJGISqCDGdD03Bj8lGjgVbFrqJYbFhI7JkHUtlSRixk9naaf4zCohHihtnwQ8U/9upCQyZhIFdjIiMDLLXib+53UTGFz7KZdxAkzS+aFBIjAonH0dh1wzCmJiCaGa26yYjogmFGxBC1dCk0Wblmwx3nINq6R1UfVq1dr9ZaV+k1dURCfoFJ0jD12hOrpDDdREFD2iF/SK3pxn5935cD7nowUn3zlGC3C+fgH78Ze3</latexit>· · ·

Network
Algorithm 
Unrolling

Multiplication
Module

Transformer 
Block 1

Transformer
Block 2

<latexit sha1_base64="mVXFPY0WE8thSDbK7kAqVDOF9YI=">AAACEHicbVDNSsNAGNzUv1r/oj16WSyCp5KIVI9FD3qsYGuhCWWz2bZLdzdhdyOEkJfwBbzqG3gTr76BL+BzuGlzsK0Dyw4z38c3TBAzqrTjfFuVtfWNza3qdm1nd2//wD486qkokZh0ccQi2Q+QIowK0tVUM9KPJUE8YOQxmN4U/uMTkYpG4kGnMfE5Ggs6ohhpIw3tuhdELFQpN1/m3SLOUT60G07TmQGuErckDVCiM7R/vDDCCSdCY4aUGrhOrP0MSU0xI3nNSxSJEZ6iMRkYKhAnys9m4XN4apQQjiJpntBwpv7dyBBXRT4zyZGeqGWvEP/zBokeXfkZFXGiicDzQ6OEQR3BogkYUkmwZqkhCEtqskI8QRJhbfpauBKqIlpeM8W4yzWskt550201W/cXjfZ1WVEVHIMTcAZccAna4A50QBdgkIIX8ArerGfr3fqwPuejFavcqYMFWF+/Eiuduw==</latexit>

�

Input
<latexit sha1_base64="NTLt+OZD2eVYyrdHhrron2Arjqk=">AAACDnicbVDLSsNAFJ34rPWV6tLNYBFcSElEqsuiG5cV7APaECbTSTt08mDmRi0h/+APuNU/cCdu/QV/wO9w0mZhWw9cOJxzL/dwvFhwBZb1baysrq1vbJa2yts7u3v7ZuWgraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn9zgOTikfhPUxi5gRkGHKfUwJacs1KPyAw8vz0KXNTfoYhc82qVbOmwMvELkgVFWi65k9/ENEkYCFQQZTq2VYMTkokcCpYVu4nisWEjsmQ9TQNScCUk06jZ/hEKwPsR1JPCHiq/r1ISaDUJPD0Zh5ULXq5+J/XS8C/clIexgmwkM4e+YnAEOG8BzzgklEQE00IlVxnxXREJKGg25r7MlB5tKysi7EXa1gm7fOaXa/V7y6qjeuiohI6QsfoFNnoEjXQLWqiFqLoEb2gV/RmPBvvxofxOVtdMYqbQzQH4+sXDe6cmw==</latexit>xi,t

Embedding
<latexit sha1_base64="HT6mIMs/iq5jprR6lFeHsmk49PY=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lsnkph06mYSZiVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7heDFnStv2t1VaW9/Y3CpvV3Z29/YPqodHHRUlkkKbRjySPY8o4ExAWzPNoRdLIKHHoetNbnO/+wRSsUg86GkMbkhGggWMEm2kx0FI9NgLUsiGKcuG1Zpdt2fAq8QpSA0VaA2rPwM/okkIQlNOlOo7dqzdlEjNKIesMkgUxIROyAj6hgoSgnLTWeoMnxnFx0EkzQiNZ+rfi5SESk1Dz2zmKdWyl4v/ef1EB9duykScaBB0/ihIONYRzivAPpNANZ8aQqhkJiumYyIJ1aaohS++yqNlFVOMs1zDKulc1J1GvXF/WWveFBWV0Qk6RefIQVeoie5QC7URRRK9oFf0Zj1b79aH9TlfLVnFzTFagPX1C8HEm3k=</latexit>ei

Mean
<latexit sha1_base64="Z1p4L0hpfWNwq+LR+3bD9ZKhAtA=">AAACEXicbVBLTsMwFHT4lvILnx0biwqJVZUgVFhWsGFZJPqRmihyHLe1aseR7SCVKKfgAmzhBuwQW07ABTgHTpsFbRnJ8mjmPb3RhAmjSjvOt7Wyura+sVnZqm7v7O7t2weHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfFv43UciFRXxg54kxOdoGNMBxUgbKbCPvVCwSE24+TKPp3mQ0Tywa07dmQIuE7ckNVCiFdg/XiRwykmsMUNK9V0n0X6GpKaYkbzqpYokCI/RkPQNjREnys+m6XN4ZpQIDoQ0L9Zwqv7dyBBXRUAzyZEeqUWvEP/z+qkeXPsZjZNUkxjPDg1SBrWARRUwopJgzSaGICypyQrxCEmEtSls7kqkimh51RTjLtawTDoXdbdRb9xf1po3ZUUVcAJOwTlwwRVogjvQAm2AwRN4Aa/gzXq23q0P63M2umKVO0dgDtbXL3ElnoQ=</latexit>µi

Score
Function

Iterate
<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="UAbmtpvvBllzO//5pwQdvw0y+BM=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QxDKZTNqhk0mYmQglBPwNf8Ct/oE7cevSH/A7nLRZ2NYDA4dz7uWeOV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yT+91HIiSN+L2axMQN0ZDTgGKktDQwjxxFmU9SJ0Rq5AWpzLIBfUhr9lk2MKtW3ZoCLhO7IFVQoDUwfxw/wklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nf4hg6da8WEQCf24glP170aKQiknoacn86hy0cvF/7x+ooIrN6U8ThTheHYoSBhUEcwLgT4VBCs20QRhQXVWiEdIIKx0bXNXfJlHyyq6GHuxhmXSOa/bjXrj7qLavC4qKoNjcAJqwAaXoAluQQu0AQZP4AW8gjfj2Xg3PozP2WjJKHYOwRyMr19Be6B2</latexit>

s̃(1)i

Repeat Times
<latexit sha1_base64="tsW99v/j/BAvfdeN1hypjNd98uQ=">AAAB/HicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoRnDTgq2FNpTJ5KYdOpmEmYlQQv0Bt/oH7sSt/+IP+B1O2yxs64GBwzn3cs8cP+FMacf5tgpr6xubW8Xt0s7u3v5B+fCoreJUUmzRmMey4xOFnAlsaaY5dhKJJPI5Pvqj26n/+IRSsVg86HGCXkQGgoWMEm2k5n2/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsFnRinxklsMNYmie0PVP/bmQkUmoc+WYyInqolr2p+J/XTXV47WVMJKlGQeeHwpTbOranv7YDJpFqPjaEUMlMVpsOiSRUm24WrgRqGm1SMsW4yzWskvZF1a1Va83LSv0mr6gIJ3AK5+DCFdThDhrQAgoIL/AKb9az9W59WJ/z0YKV7xzDAqyvX8OjlVc=</latexit>

K

Embedding Input Mean

Attn FFN

<latexit sha1_base64="TqAfI35aWtsnsHlTOeheauHRAfE=">AAACF3icbVDLSsNAFJ34rPUVdaebwSLUTUlEqsuiG8FNBfuAJpbJZNIOnUzCzEQoIeBv+ANu9Q/ciVuX/oDf4aTNwrYeGDiccy/3zPFiRqWyrG9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UbXud95JELSiN+rcUzcEA04DShGSkt989BRlPkkdUKkhl6Qyizr04e0enua9c2KVbMmgIvELkgFFGj2zR/Hj3ASEq4wQ1L2bCtWboqEopiRrOwkksQIj9CA9DTlKCTSTSd/yOCJVnwYREI/ruBE/buRolDKcejpyTyqnPdy8T+vl6jg0k0pjxNFOJ4eChIGVQTzQqBPBcGKjTVBWFCdFeIhEggrXdvMFV/m0bKyLsaer2GRtM9qdr1WvzuvNK6KikrgCByDKrDBBWiAG9AELYDBE3gBr+DNeDbejQ/jczq6ZBQ7B2AGxtcvax+gkA==</latexit>

s̃(K)
i

Approximate One GD Iteration
<latexit sha1_base64="7glpEZ63UPd4bSgqAMD7kLDAc+A="></latexit>

�⌘t

NX

j=1

↵2
t �̄ij⇤sj

<latexit sha1_base64="GtjDpy3EqV6uSaZyOZ+Cf35mNPA="></latexit>

�⌘trLt(s
(0)
i )

Linear Offset
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<latexit sha1_base64="SkObitKtjwIx5kQEba95r1c/Shc="></latexit>

r log pt(vt) = arg min
s2RdN

Lt(s) =
1

2
s>

�
↵2
t (�⌦⇤) + �2

t I
�
s� (vt � ↵tµ)

>s

Gradient
Descent

<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="WQRHinWH/94ialfnYtmJOK7Z6/A=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6fZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJklZzA</latexit>

s(1)i

<latexit sha1_base64="f+2sMzbUlYBhv1806Prh31DFfsc=">AAACD3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WXRjeCmgn1AG8NkMmmHTiZhZiKWkI/wB9zqH7gTt36CP+B3OGmzsK0HLhzOuZd7OF7MqFSW9W2srK6tb2yWtsrbO7t7++ZBpSOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yd+91HIiSN+L2axMQJ0ZDTgGKktOSalUGI1MgLUpm59CGt3Z5mrlm16tYUcJnYBamCAi3X/Bn4EU5CwhVmSMq+bcXKSZFQFDOSlQeJJDHCYzQkfU05Col00mn2DJ5oxYdBJPRwBafq34sUhVJOQk9v5knlopeL/3n9RAWXTkp5nCjC8exRkDCoIpgXAX0qCFZsognCguqsEI+QQFjpuua++DKPlpV1MfZiDcukc1a3G/XG3Xm1eVVUVAJH4BjUgA0uQBPcgBZoAwyewAt4BW/Gs/FufBifs9UVo7g5BHMwvn4Bjjmc2g==</latexit>

s(K)
i

<latexit sha1_base64="EVzPOYEoekeqkBWTBTzSbqMDq7w=">AAACAXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gHtUDKZtI3NJENyRyhDV/6AW/0Dd+LWL/EH/A4z7Sxs64HA4Zx7uScniAU34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo0ZU2qhNKdgBgmuGRN4CBYJ9aMRIFg7WB8m/ntJ6YNV/IBJjHzIzKUfMApASu1ejRUYPrlilt1Z8CrxMtJBeVo9Ms/vVDRJGISqCDGdD03Bj8lGjgVbFrqJYbFhI7JkHUtlSRixk9naaf4zCohHihtnwQ8U/9upCQyZhIFdjIiMDLLXib+53UTGFz7KZdxAkzS+aFBIjAonH0dh1wzCmJiCaGa26yYjogmFGxBC1dCk0Wblmwx3nINq6R1UfVq1dr9ZaV+k1dURCfoFJ0jD12hOrpDDdREFD2iF/SK3pxn5935cD7nowUn3zlGC3C+fgH78Ze3</latexit>· · ·

Network
Algorithm 
Unrolling

Multiplication
Module

Transformer 
Block 1

Transformer
Block 2

<latexit sha1_base64="mVXFPY0WE8thSDbK7kAqVDOF9YI=">AAACEHicbVDNSsNAGNzUv1r/oj16WSyCp5KIVI9FD3qsYGuhCWWz2bZLdzdhdyOEkJfwBbzqG3gTr76BL+BzuGlzsK0Dyw4z38c3TBAzqrTjfFuVtfWNza3qdm1nd2//wD486qkokZh0ccQi2Q+QIowK0tVUM9KPJUE8YOQxmN4U/uMTkYpG4kGnMfE5Ggs6ohhpIw3tuhdELFQpN1/m3SLOUT60G07TmQGuErckDVCiM7R/vDDCCSdCY4aUGrhOrP0MSU0xI3nNSxSJEZ6iMRkYKhAnys9m4XN4apQQjiJpntBwpv7dyBBXRT4zyZGeqGWvEP/zBokeXfkZFXGiicDzQ6OEQR3BogkYUkmwZqkhCEtqskI8QRJhbfpauBKqIlpeM8W4yzWskt550201W/cXjfZ1WVEVHIMTcAZccAna4A50QBdgkIIX8ArerGfr3fqwPuejFavcqYMFWF+/Eiuduw==</latexit>

�

Input
<latexit sha1_base64="NTLt+OZD2eVYyrdHhrron2Arjqk=">AAACDnicbVDLSsNAFJ34rPWV6tLNYBFcSElEqsuiG5cV7APaECbTSTt08mDmRi0h/+APuNU/cCdu/QV/wO9w0mZhWw9cOJxzL/dwvFhwBZb1baysrq1vbJa2yts7u3v7ZuWgraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn9zgOTikfhPUxi5gRkGHKfUwJacs1KPyAw8vz0KXNTfoYhc82qVbOmwMvELkgVFWi65k9/ENEkYCFQQZTq2VYMTkokcCpYVu4nisWEjsmQ9TQNScCUk06jZ/hEKwPsR1JPCHiq/r1ISaDUJPD0Zh5ULXq5+J/XS8C/clIexgmwkM4e+YnAEOG8BzzgklEQE00IlVxnxXREJKGg25r7MlB5tKysi7EXa1gm7fOaXa/V7y6qjeuiohI6QsfoFNnoEjXQLWqiFqLoEb2gV/RmPBvvxofxOVtdMYqbQzQH4+sXDe6cmw==</latexit>xi,t

Embedding
<latexit sha1_base64="HT6mIMs/iq5jprR6lFeHsmk49PY=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lsnkph06mYSZiVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7heDFnStv2t1VaW9/Y3CpvV3Z29/YPqodHHRUlkkKbRjySPY8o4ExAWzPNoRdLIKHHoetNbnO/+wRSsUg86GkMbkhGggWMEm2kx0FI9NgLUsiGKcuG1Zpdt2fAq8QpSA0VaA2rPwM/okkIQlNOlOo7dqzdlEjNKIesMkgUxIROyAj6hgoSgnLTWeoMnxnFx0EkzQiNZ+rfi5SESk1Dz2zmKdWyl4v/ef1EB9duykScaBB0/ihIONYRzivAPpNANZ8aQqhkJiumYyIJ1aaohS++yqNlFVOMs1zDKulc1J1GvXF/WWveFBWV0Qk6RefIQVeoie5QC7URRRK9oFf0Zj1b79aH9TlfLVnFzTFagPX1C8HEm3k=</latexit>ei

Mean
<latexit sha1_base64="Z1p4L0hpfWNwq+LR+3bD9ZKhAtA=">AAACEXicbVBLTsMwFHT4lvILnx0biwqJVZUgVFhWsGFZJPqRmihyHLe1aseR7SCVKKfgAmzhBuwQW07ABTgHTpsFbRnJ8mjmPb3RhAmjSjvOt7Wyura+sVnZqm7v7O7t2weHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfFv43UciFRXxg54kxOdoGNMBxUgbKbCPvVCwSE24+TKPp3mQ0Tywa07dmQIuE7ckNVCiFdg/XiRwykmsMUNK9V0n0X6GpKaYkbzqpYokCI/RkPQNjREnys+m6XN4ZpQIDoQ0L9Zwqv7dyBBXRUAzyZEeqUWvEP/z+qkeXPsZjZNUkxjPDg1SBrWARRUwopJgzSaGICypyQrxCEmEtSls7kqkimh51RTjLtawTDoXdbdRb9xf1po3ZUUVcAJOwTlwwRVogjvQAm2AwRN4Aa/gzXq23q0P63M2umKVO0dgDtbXL3ElnoQ=</latexit>µi

Score
Function

Iterate
<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="UAbmtpvvBllzO//5pwQdvw0y+BM=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QxDKZTNqhk0mYmQglBPwNf8Ct/oE7cevSH/A7nLRZ2NYDA4dz7uWeOV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yT+91HIiSN+L2axMQN0ZDTgGKktDQwjxxFmU9SJ0Rq5AWpzLIBfUhr9lk2MKtW3ZoCLhO7IFVQoDUwfxw/wklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nf4hg6da8WEQCf24glP170aKQiknoacn86hy0cvF/7x+ooIrN6U8ThTheHYoSBhUEcwLgT4VBCs20QRhQXVWiEdIIKx0bXNXfJlHyyq6GHuxhmXSOa/bjXrj7qLavC4qKoNjcAJqwAaXoAluQQu0AQZP4AW8gjfj2Xg3PozP2WjJKHYOwRyMr19Be6B2</latexit>

s̃(1)i

Repeat Times
<latexit sha1_base64="tsW99v/j/BAvfdeN1hypjNd98uQ=">AAAB/HicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoRnDTgq2FNpTJ5KYdOpmEmYlQQv0Bt/oH7sSt/+IP+B1O2yxs64GBwzn3cs8cP+FMacf5tgpr6xubW8Xt0s7u3v5B+fCoreJUUmzRmMey4xOFnAlsaaY5dhKJJPI5Pvqj26n/+IRSsVg86HGCXkQGgoWMEm2k5n2/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsFnRinxklsMNYmie0PVP/bmQkUmoc+WYyInqolr2p+J/XTXV47WVMJKlGQeeHwpTbOranv7YDJpFqPjaEUMlMVpsOiSRUm24WrgRqGm1SMsW4yzWskvZF1a1Va83LSv0mr6gIJ3AK5+DCFdThDhrQAgoIL/AKb9az9W59WJ/z0YKV7xzDAqyvX8OjlVc=</latexit>

K

Embedding Input Mean

Attn FFN

<latexit sha1_base64="TqAfI35aWtsnsHlTOeheauHRAfE=">AAACF3icbVDLSsNAFJ34rPUVdaebwSLUTUlEqsuiG8FNBfuAJpbJZNIOnUzCzEQoIeBv+ANu9Q/ciVuX/oDf4aTNwrYeGDiccy/3zPFiRqWyrG9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UbXud95JELSiN+rcUzcEA04DShGSkt989BRlPkkdUKkhl6Qyizr04e0enua9c2KVbMmgIvELkgFFGj2zR/Hj3ASEq4wQ1L2bCtWboqEopiRrOwkksQIj9CA9DTlKCTSTSd/yOCJVnwYREI/ruBE/buRolDKcejpyTyqnPdy8T+vl6jg0k0pjxNFOJ4eChIGVQTzQqBPBcGKjTVBWFCdFeIhEggrXdvMFV/m0bKyLsaer2GRtM9qdr1WvzuvNK6KikrgCByDKrDBBWiAG9AELYDBE3gBr+DNeDbejQ/jczq6ZBQ7B2AGxtcvax+gkA==</latexit>

s̃(K)
i

Approximate One GD Iteration
<latexit sha1_base64="7glpEZ63UPd4bSgqAMD7kLDAc+A="></latexit>

�⌘t

NX

j=1

↵2
t �̄ij⇤sj

<latexit sha1_base64="GtjDpy3EqV6uSaZyOZ+Cf35mNPA="></latexit>

�⌘trLt(s
(0)
i )

Linear Offset
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<latexit sha1_base64="SkObitKtjwIx5kQEba95r1c/Shc="></latexit>

r log pt(vt) = arg min
s2RdN

Lt(s) =
1

2
s>

�
↵2
t (�⌦⇤) + �2

t I
�
s� (vt � ↵tµ)

>s

Gradient
Descent

<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="WQRHinWH/94ialfnYtmJOK7Z6/A=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6fZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJklZzA</latexit>

s(1)i

<latexit sha1_base64="f+2sMzbUlYBhv1806Prh31DFfsc=">AAACD3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WXRjeCmgn1AG8NkMmmHTiZhZiKWkI/wB9zqH7gTt36CP+B3OGmzsK0HLhzOuZd7OF7MqFSW9W2srK6tb2yWtsrbO7t7++ZBpSOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yd+91HIiSN+L2axMQJ0ZDTgGKktOSalUGI1MgLUpm59CGt3Z5mrlm16tYUcJnYBamCAi3X/Bn4EU5CwhVmSMq+bcXKSZFQFDOSlQeJJDHCYzQkfU05Col00mn2DJ5oxYdBJPRwBafq34sUhVJOQk9v5knlopeL/3n9RAWXTkp5nCjC8exRkDCoIpgXAX0qCFZsognCguqsEI+QQFjpuua++DKPlpV1MfZiDcukc1a3G/XG3Xm1eVVUVAJH4BjUgA0uQBPcgBZoAwyewAt4BW/Gs/FufBifs9UVo7g5BHMwvn4Bjjmc2g==</latexit>

s(K)
i

<latexit sha1_base64="EVzPOYEoekeqkBWTBTzSbqMDq7w=">AAACAXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gHtUDKZtI3NJENyRyhDV/6AW/0Dd+LWL/EH/A4z7Sxs64HA4Zx7uScniAU34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo0ZU2qhNKdgBgmuGRN4CBYJ9aMRIFg7WB8m/ntJ6YNV/IBJjHzIzKUfMApASu1ejRUYPrlilt1Z8CrxMtJBeVo9Ms/vVDRJGISqCDGdD03Bj8lGjgVbFrqJYbFhI7JkHUtlSRixk9naaf4zCohHihtnwQ8U/9upCQyZhIFdjIiMDLLXib+53UTGFz7KZdxAkzS+aFBIjAonH0dh1wzCmJiCaGa26yYjogmFGxBC1dCk0Wblmwx3nINq6R1UfVq1dr9ZaV+k1dURCfoFJ0jD12hOrpDDdREFD2iF/SK3pxn5935cD7nowUn3zlGC3C+fgH78Ze3</latexit>· · ·

Network
Algorithm 
Unrolling

Multiplication
Module

Transformer 
Block 1

Transformer
Block 2

<latexit sha1_base64="mVXFPY0WE8thSDbK7kAqVDOF9YI=">AAACEHicbVDNSsNAGNzUv1r/oj16WSyCp5KIVI9FD3qsYGuhCWWz2bZLdzdhdyOEkJfwBbzqG3gTr76BL+BzuGlzsK0Dyw4z38c3TBAzqrTjfFuVtfWNza3qdm1nd2//wD486qkokZh0ccQi2Q+QIowK0tVUM9KPJUE8YOQxmN4U/uMTkYpG4kGnMfE5Ggs6ohhpIw3tuhdELFQpN1/m3SLOUT60G07TmQGuErckDVCiM7R/vDDCCSdCY4aUGrhOrP0MSU0xI3nNSxSJEZ6iMRkYKhAnys9m4XN4apQQjiJpntBwpv7dyBBXRT4zyZGeqGWvEP/zBokeXfkZFXGiicDzQ6OEQR3BogkYUkmwZqkhCEtqskI8QRJhbfpauBKqIlpeM8W4yzWskt550201W/cXjfZ1WVEVHIMTcAZccAna4A50QBdgkIIX8ArerGfr3fqwPuejFavcqYMFWF+/Eiuduw==</latexit>

�

Input
<latexit sha1_base64="NTLt+OZD2eVYyrdHhrron2Arjqk=">AAACDnicbVDLSsNAFJ34rPWV6tLNYBFcSElEqsuiG5cV7APaECbTSTt08mDmRi0h/+APuNU/cCdu/QV/wO9w0mZhWw9cOJxzL/dwvFhwBZb1baysrq1vbJa2yts7u3v7ZuWgraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn9zgOTikfhPUxi5gRkGHKfUwJacs1KPyAw8vz0KXNTfoYhc82qVbOmwMvELkgVFWi65k9/ENEkYCFQQZTq2VYMTkokcCpYVu4nisWEjsmQ9TQNScCUk06jZ/hEKwPsR1JPCHiq/r1ISaDUJPD0Zh5ULXq5+J/XS8C/clIexgmwkM4e+YnAEOG8BzzgklEQE00IlVxnxXREJKGg25r7MlB5tKysi7EXa1gm7fOaXa/V7y6qjeuiohI6QsfoFNnoEjXQLWqiFqLoEb2gV/RmPBvvxofxOVtdMYqbQzQH4+sXDe6cmw==</latexit>xi,t

Embedding
<latexit sha1_base64="HT6mIMs/iq5jprR6lFeHsmk49PY=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lsnkph06mYSZiVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7heDFnStv2t1VaW9/Y3CpvV3Z29/YPqodHHRUlkkKbRjySPY8o4ExAWzPNoRdLIKHHoetNbnO/+wRSsUg86GkMbkhGggWMEm2kx0FI9NgLUsiGKcuG1Zpdt2fAq8QpSA0VaA2rPwM/okkIQlNOlOo7dqzdlEjNKIesMkgUxIROyAj6hgoSgnLTWeoMnxnFx0EkzQiNZ+rfi5SESk1Dz2zmKdWyl4v/ef1EB9duykScaBB0/ihIONYRzivAPpNANZ8aQqhkJiumYyIJ1aaohS++yqNlFVOMs1zDKulc1J1GvXF/WWveFBWV0Qk6RefIQVeoie5QC7URRRK9oFf0Zj1b79aH9TlfLVnFzTFagPX1C8HEm3k=</latexit>ei

Mean
<latexit sha1_base64="Z1p4L0hpfWNwq+LR+3bD9ZKhAtA=">AAACEXicbVBLTsMwFHT4lvILnx0biwqJVZUgVFhWsGFZJPqRmihyHLe1aseR7SCVKKfgAmzhBuwQW07ABTgHTpsFbRnJ8mjmPb3RhAmjSjvOt7Wyura+sVnZqm7v7O7t2weHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfFv43UciFRXxg54kxOdoGNMBxUgbKbCPvVCwSE24+TKPp3mQ0Tywa07dmQIuE7ckNVCiFdg/XiRwykmsMUNK9V0n0X6GpKaYkbzqpYokCI/RkPQNjREnys+m6XN4ZpQIDoQ0L9Zwqv7dyBBXRUAzyZEeqUWvEP/z+qkeXPsZjZNUkxjPDg1SBrWARRUwopJgzSaGICypyQrxCEmEtSls7kqkimh51RTjLtawTDoXdbdRb9xf1po3ZUUVcAJOwTlwwRVogjvQAm2AwRN4Aa/gzXq23q0P63M2umKVO0dgDtbXL3ElnoQ=</latexit>µi

Score
Function

Iterate
<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="UAbmtpvvBllzO//5pwQdvw0y+BM=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QxDKZTNqhk0mYmQglBPwNf8Ct/oE7cevSH/A7nLRZ2NYDA4dz7uWeOV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yT+91HIiSN+L2axMQN0ZDTgGKktDQwjxxFmU9SJ0Rq5AWpzLIBfUhr9lk2MKtW3ZoCLhO7IFVQoDUwfxw/wklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nf4hg6da8WEQCf24glP170aKQiknoacn86hy0cvF/7x+ooIrN6U8ThTheHYoSBhUEcwLgT4VBCs20QRhQXVWiEdIIKx0bXNXfJlHyyq6GHuxhmXSOa/bjXrj7qLavC4qKoNjcAJqwAaXoAluQQu0AQZP4AW8gjfj2Xg3PozP2WjJKHYOwRyMr19Be6B2</latexit>

s̃(1)i

Repeat Times
<latexit sha1_base64="tsW99v/j/BAvfdeN1hypjNd98uQ=">AAAB/HicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoRnDTgq2FNpTJ5KYdOpmEmYlQQv0Bt/oH7sSt/+IP+B1O2yxs64GBwzn3cs8cP+FMacf5tgpr6xubW8Xt0s7u3v5B+fCoreJUUmzRmMey4xOFnAlsaaY5dhKJJPI5Pvqj26n/+IRSsVg86HGCXkQGgoWMEm2k5n2/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsFnRinxklsMNYmie0PVP/bmQkUmoc+WYyInqolr2p+J/XTXV47WVMJKlGQeeHwpTbOranv7YDJpFqPjaEUMlMVpsOiSRUm24WrgRqGm1SMsW4yzWskvZF1a1Va83LSv0mr6gIJ3AK5+DCFdThDhrQAgoIL/AKb9az9W59WJ/z0YKV7xzDAqyvX8OjlVc=</latexit>

K

Embedding Input Mean

Attn FFN

<latexit sha1_base64="TqAfI35aWtsnsHlTOeheauHRAfE=">AAACF3icbVDLSsNAFJ34rPUVdaebwSLUTUlEqsuiG8FNBfuAJpbJZNIOnUzCzEQoIeBv+ANu9Q/ciVuX/oDf4aTNwrYeGDiccy/3zPFiRqWyrG9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UbXud95JELSiN+rcUzcEA04DShGSkt989BRlPkkdUKkhl6Qyizr04e0enua9c2KVbMmgIvELkgFFGj2zR/Hj3ASEq4wQ1L2bCtWboqEopiRrOwkksQIj9CA9DTlKCTSTSd/yOCJVnwYREI/ruBE/buRolDKcejpyTyqnPdy8T+vl6jg0k0pjxNFOJ4eChIGVQTzQqBPBcGKjTVBWFCdFeIhEggrXdvMFV/m0bKyLsaer2GRtM9qdr1WvzuvNK6KikrgCByDKrDBBWiAG9AELYDBE3gBr+DNeDbejQ/jczq6ZBQ7B2AGxtcvax+gkA==</latexit>

s̃(K)
i

Approximate One GD Iteration
<latexit sha1_base64="7glpEZ63UPd4bSgqAMD7kLDAc+A="></latexit>

�⌘t

NX

j=1

↵2
t �̄ij⇤sj

<latexit sha1_base64="GtjDpy3EqV6uSaZyOZ+Cf35mNPA="></latexit>

�⌘trLt(s
(0)
i )

Linear Offset
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<latexit sha1_base64="SkObitKtjwIx5kQEba95r1c/Shc="></latexit>

r log pt(vt) = arg min
s2RdN

Lt(s) =
1

2
s>

�
↵2
t (�⌦⇤) + �2

t I
�
s� (vt � ↵tµ)

>s

Gradient
Descent

<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>

s(0)i

<latexit sha1_base64="WQRHinWH/94ialfnYtmJOK7Z6/A=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6fZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJklZzA</latexit>

s(1)i

<latexit sha1_base64="f+2sMzbUlYBhv1806Prh31DFfsc=">AAACD3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WXRjeCmgn1AG8NkMmmHTiZhZiKWkI/wB9zqH7gTt36CP+B3OGmzsK0HLhzOuZd7OF7MqFSW9W2srK6tb2yWtsrbO7t7++ZBpSOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3yd+91HIiSN+L2axMQJ0ZDTgGKktOSalUGI1MgLUpm59CGt3Z5mrlm16tYUcJnYBamCAi3X/Bn4EU5CwhVmSMq+bcXKSZFQFDOSlQeJJDHCYzQkfU05Col00mn2DJ5oxYdBJPRwBafq34sUhVJOQk9v5knlopeL/3n9RAWXTkp5nCjC8exRkDCoIpgXAX0qCFZsognCguqsEI+QQFjpuua++DKPlpV1MfZiDcukc1a3G/XG3Xm1eVVUVAJH4BjUgA0uQBPcgBZoAwyewAt4BW/Gs/FufBifs9UVo7g5BHMwvn4Bjjmc2g==</latexit>

s(K)
i

<latexit sha1_base64="EVzPOYEoekeqkBWTBTzSbqMDq7w=">AAACAXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9gHtUDKZtI3NJENyRyhDV/6AW/0Dd+LWL/EH/A4z7Sxs64HA4Zx7uScniAU34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo0ZU2qhNKdgBgmuGRN4CBYJ9aMRIFg7WB8m/ntJ6YNV/IBJjHzIzKUfMApASu1ejRUYPrlilt1Z8CrxMtJBeVo9Ms/vVDRJGISqCDGdD03Bj8lGjgVbFrqJYbFhI7JkHUtlSRixk9naaf4zCohHihtnwQ8U/9upCQyZhIFdjIiMDLLXib+53UTGFz7KZdxAkzS+aFBIjAonH0dh1wzCmJiCaGa26yYjogmFGxBC1dCk0Wblmwx3nINq6R1UfVq1dr9ZaV+k1dURCfoFJ0jD12hOrpDDdREFD2iF/SK3pxn5935cD7nowUn3zlGC3C+fgH78Ze3</latexit>· · ·

Network
Algorithm 
Unrolling

Multiplication
Module

Transformer 
Block 1

Transformer
Block 2

<latexit sha1_base64="mVXFPY0WE8thSDbK7kAqVDOF9YI=">AAACEHicbVDNSsNAGNzUv1r/oj16WSyCp5KIVI9FD3qsYGuhCWWz2bZLdzdhdyOEkJfwBbzqG3gTr76BL+BzuGlzsK0Dyw4z38c3TBAzqrTjfFuVtfWNza3qdm1nd2//wD486qkokZh0ccQi2Q+QIowK0tVUM9KPJUE8YOQxmN4U/uMTkYpG4kGnMfE5Ggs6ohhpIw3tuhdELFQpN1/m3SLOUT60G07TmQGuErckDVCiM7R/vDDCCSdCY4aUGrhOrP0MSU0xI3nNSxSJEZ6iMRkYKhAnys9m4XN4apQQjiJpntBwpv7dyBBXRT4zyZGeqGWvEP/zBokeXfkZFXGiicDzQ6OEQR3BogkYUkmwZqkhCEtqskI8QRJhbfpauBKqIlpeM8W4yzWskt550201W/cXjfZ1WVEVHIMTcAZccAna4A50QBdgkIIX8ArerGfr3fqwPuejFavcqYMFWF+/Eiuduw==</latexit>

�

Input
<latexit sha1_base64="NTLt+OZD2eVYyrdHhrron2Arjqk=">AAACDnicbVDLSsNAFJ34rPWV6tLNYBFcSElEqsuiG5cV7APaECbTSTt08mDmRi0h/+APuNU/cCdu/QV/wO9w0mZhWw9cOJxzL/dwvFhwBZb1baysrq1vbJa2yts7u3v7ZuWgraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn9zgOTikfhPUxi5gRkGHKfUwJacs1KPyAw8vz0KXNTfoYhc82qVbOmwMvELkgVFWi65k9/ENEkYCFQQZTq2VYMTkokcCpYVu4nisWEjsmQ9TQNScCUk06jZ/hEKwPsR1JPCHiq/r1ISaDUJPD0Zh5ULXq5+J/XS8C/clIexgmwkM4e+YnAEOG8BzzgklEQE00IlVxnxXREJKGg25r7MlB5tKysi7EXa1gm7fOaXa/V7y6qjeuiohI6QsfoFNnoEjXQLWqiFqLoEb2gV/RmPBvvxofxOVtdMYqbQzQH4+sXDe6cmw==</latexit>xi,t

Embedding
<latexit sha1_base64="HT6mIMs/iq5jprR6lFeHsmk49PY=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2lsnkph06mYSZiVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7heDFnStv2t1VaW9/Y3CpvV3Z29/YPqodHHRUlkkKbRjySPY8o4ExAWzPNoRdLIKHHoetNbnO/+wRSsUg86GkMbkhGggWMEm2kx0FI9NgLUsiGKcuG1Zpdt2fAq8QpSA0VaA2rPwM/okkIQlNOlOo7dqzdlEjNKIesMkgUxIROyAj6hgoSgnLTWeoMnxnFx0EkzQiNZ+rfi5SESk1Dz2zmKdWyl4v/ef1EB9duykScaBB0/ihIONYRzivAPpNANZ8aQqhkJiumYyIJ1aaohS++yqNlFVOMs1zDKulc1J1GvXF/WWveFBWV0Qk6RefIQVeoie5QC7URRRK9oFf0Zj1b79aH9TlfLVnFzTFagPX1C8HEm3k=</latexit>ei

Mean
<latexit sha1_base64="Z1p4L0hpfWNwq+LR+3bD9ZKhAtA=">AAACEXicbVBLTsMwFHT4lvILnx0biwqJVZUgVFhWsGFZJPqRmihyHLe1aseR7SCVKKfgAmzhBuwQW07ABTgHTpsFbRnJ8mjmPb3RhAmjSjvOt7Wyura+sVnZqm7v7O7t2weHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfFv43UciFRXxg54kxOdoGNMBxUgbKbCPvVCwSE24+TKPp3mQ0Tywa07dmQIuE7ckNVCiFdg/XiRwykmsMUNK9V0n0X6GpKaYkbzqpYokCI/RkPQNjREnys+m6XN4ZpQIDoQ0L9Zwqv7dyBBXRUAzyZEeqUWvEP/z+qkeXPsZjZNUkxjPDg1SBrWARRUwopJgzSaGICypyQrxCEmEtSls7kqkimh51RTjLtawTDoXdbdRb9xf1po3ZUUVcAJOwTlwwRVogjvQAm2AwRN4Aa/gzXq23q0P63M2umKVO0dgDtbXL3ElnoQ=</latexit>µi

Score
Function

Iterate
<latexit sha1_base64="BuozN9pn7x/qM5oJYOLAEyd7jKQ=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6LblxWsA9oY5hMJu3QySTMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5WuzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJje533skQtKI36tpTJwQjTgNKEZKS65ZHYZIjb0glZlLH9K6dZa5Zs1qWDPAVWIXpAYKtF3zZ+hHOAkJV5ghKQe2FSsnRUJRzEhWGSaSxAhP0IgMNOUoJNJJZ9kzeKoVHwaR0MMVnKl/L1IUSjkNPb2ZJ5XLXi7+5w0SFVw5KeVxogjH80dBwqCKYF4E9KkgWLGpJggLqrNCPEYCYaXrWvjiyzxaVtHF2Ms1rJLuecNuNpp3F7XWdVFRGRyDE1AHNrgELXAL2qADMHgCL+AVvBnPxrvxYXzOV0tGcXMEFmB8/QJi+5y/</latexit>
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Diffusion Model Learns Gaussian Process

Theorem
ü Score function can be learned efficiently at the rate

ü Gaussian process distribution is learned at the same rate.
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Spatial-Temporal Dependencies: A Theory for Gaussian Process Data”, 2024
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Theorem
ü Score function can be learned efficiently at the rate

ü Gaussian process distribution is learned at the same rate.
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Take-home message:
ü Weak dependence on the length of sequence
ü Adaptive to spatial-temporal dependencies

-- H. Fu, Z. Dou, J. Guo, M. Wang, M. Chen. “Diffusion Transformer Captures 
Spatial-Temporal Dependencies: A Theory for Gaussian Process Data”, 2024
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Off-policy bandit problem 
(Jin et al., 2021; Nguyen-Tang et al., 2021)
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• Let    be the target reward of generation

(Reward estimation error)

(Conditional diffusion error)
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(Diffusion distribution shift)
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Theorem
ü The sub-optimality satisfies

where                                  for     the data matrix,         , and     is the 
covariance matrix of                          .

Case Study: Subspace Data + Linear Reward

38
-- Z. Li, H. Yuan, K. Huang, C. Ni, Y. Ye, M. Chen, M. Wang. “Diffusion 

Model for Data-Driven Black-Box Optimization”, NeurIPS 2023
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Theorem
ü The sub-optimality satisfies

where                                  for     the data matrix,         , and     is the 
covariance matrix of                          .

Case Study: Subspace Data + Linear Reward

38

v Match optimal off-policy bandit learning with representation 
learning (Jin et al., 2021; Nguyen-Tang et al., 2021)

-- Z. Li, H. Yuan, K. Huang, C. Ni, Y. Ye, M. Chen, M. Wang. “Diffusion 
Model for Data-Driven Black-Box Optimization”, NeurIPS 2023



Advantages of Generative Optimization

39

ü Meta algorithm provably generates samples of high reward 
and fidelity, in nonparametric settings. 

-- H. Yuan, Z. Li, K. Huang, C. Ni, Y. Ye, M. Chen, M. Wang. “Diffusion Model for 
Data-Driven Black-Box Optimization”, Major revision at Management Science



Advantages of Generative Optimization

39

Generative optimization in offline:
ü Off-policy bandit optimality
ü High-fidelity to intrinsic structures
ü Efficiency: no curse of dimensionality
ü Generalizable to human preferences

ü Meta algorithm provably generates samples of high reward 
and fidelity, in nonparametric settings. 

-- H. Yuan, Z. Li, K. Huang, C. Ni, Y. Ye, M. Chen, M. Wang. “Diffusion Model for 
Data-Driven Black-Box Optimization”, Major revision at Management Science
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Application 2: Generative Optimization in RL
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• Reinforcement learning

• Generative optimization (Decision diffuser, Ajay et al., 2023)



Hopper Control
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Inspirations and Future Directions



• We design backward process to be Markovian

Control/RL Perspective on Diffusion Model

44
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r log pT�t

State

Policy

• Reward choice is task dependent

Ø Fidelity metric for image generation
Ø Satisfactory level for product design

Ø Biochemical property for protein synthesis
Ø Etc.
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• Conditional diffusion models as a rich class for parameterizing 
policies and transition kernels

• Diffusion for practical RL with impaired observability (Chen et 
al., 2023)
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High-D data 
 Efficient adaptation
Escape from bad local 
optima and saddle points
 Connecting to DRO
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High-D data 
 Efficient adaptation
Escape from bad local 
optima and saddle points
 Connecting to DRO
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Noise

Pre-trained Diffusion
<latexit sha1_base64="OhVjuL2UuksxRGnetmEa4wL3BCw=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUR8dFnQhcsK9gFtKJPJpB06mcSZiVBCfsAfcKt/4E7c+hf+gN/hpM3Cth64cDjnXu7heDFnStv2t7Wyura+sVnaKm/v7O7tVw4O2ypKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxje533miUrFIPOhJTN0QDwULGMHaSG4/xHpEME9vs8F4UKnaNXsKtEycglShQHNQ+en7EUlCKjThWKmeY8faTbHUjHCalfuJojEmYzykPUMFDqly02noDJ0axUdBJM0Ijabq34sUh0pNQs9s5iHVopeL/3m9RAd1N2UiTjQVZPYoSDjSEcobQD6TlGg+MQQTyUxWREZYYqJNT3NffJVHy8qmGGexhmXSPq85V7XL+4tqo15UVIJjOIEzcOAaGnAHTWgBgUd4gVd4s56td+vD+pytrljFzRHMwfr6BXxmmrU=</latexit>Dk

Guided Diffusion

Noise

Weighted Fine-tuning
via all past generated data

<latexit sha1_base64="y5+B4UdWOZ+PfrBSSs9ugb/X6ZI=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIIglER8LUUXuqxgVWhKmUxu2qGTBzM3Ygn5BX/DH3Crf+BOBFfu/A4naRdqPTBw5tzHuRwvkUKjbX9Ylanpmdm5+YXq4tLyymptbf1ax6ni0OKxjNWtxzRIEUELBUq4TRSw0JNw4w3OivrNHSgt4ugKhwl0QtaLRCA4QyN1azu6m7nYB2Q53aUuwj2WSzMFfp6Vfx1k53nerdXthl2CThJnTOpkjGa39uX6MU9DiJBLpnXbsRPsZEyh4BLyqptqSBgfsB60DY1YCLqTleY53TaKT4NYmRchLdWfExkLtR6GnukMGfb131oh/ldrpxgcdzIRJSlCxEdGQSopxrSIh/pCAUc5NIRxJcytlPeZYhxNiL9cfF2clldNMM7fGCbJ9V7DOWwcXO7XT07HEc2TTbJFdohDjsgJuSBN0iKcPJAn8kxerEfr1Xqz3ketFWs8s0F+wfr8Bp3xpw0=</latexit>

s✓ + G

<latexit sha1_base64="HMa6LYaTUXy3E6aoJl84q96txDY=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhuLIlIdVnUhcsK9gFNCJPJpB06mYSZiVBCfsPf8Afc6h+4EMSl/oaTNos+vDDD4Zx7ueceP2FUKsv6NFZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/dFvo3SciJI35oxonxI3QgNOQYqQ05ZmWEyE1xIhld7lnQQenif6CWMkSz8jZ6NzOPbNm1a1JwWVgl6AGymp55o8TxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+hpyFBHpZpPLcniqmQCGsdCPKzhhZycyFEk5jnzdWRiVi1pB/qf1UxVeuxnlSaoIx9NFYcqgimEREwyoIFixsQYIC6q9QjxEAmGlw5zbEsjCWl7VwdiLMSyDzkXdbtQbD5e15k0ZUQUcgxNwBmxwBZrgHrRAG2DwDF7BG3g3XowP48v4nrauGOXMEZgr4/cPq7yo5w==</latexit>D0 [ · · · [Dk�1

Gradient-Guided Diffusion for Generative Optimization

<latexit sha1_base64="6pexyF+KX2Kl39GP0TBaRnShkjU="></latexit> w0
...

wk�1

(optional) update

<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

<latexit sha1_base64="+a+XvKO9+e/Tk76tXPL9VPri6AY=">AAACIXicbVDJSgNBEO2Je9xGPXppjEJECDPidhQ9KHhRMEZIwtDTqUkaexa6a8QwzA/4G/6AV/0Db+JNvPsddpaDJj5o+vFeFVX1/EQKjY7zaRUmJqemZ2bnivMLi0vL9srqjY5TxaHKYxmrW59pkCKCKgqUcJsoYKEvoebfnfb82j0oLeLoGrsJNEPWjkQgOEMjefam9rIGdgAZLQ9+72I7pzu0gfCAOsjOcu/Cs0tOxemDjhN3SEpkiEvP/m60Yp6GECGXTOu66yTYzJhCwSXkxUaqIWH8jrWhbmjEQtDNrH9NTreM0qJBrMyLkPbV3x0ZC7Xuhr6pDBl29KjXE//z6ikGR81MREmKEPHBoCCVFGPai4a2hAKOsmsI40qYXSnvMMU4mgD/TGnp3mp50QTjjsYwTm52K+5BZf9qr3R8MoxolqyTDVImLjkkx+ScXJIq4eSRPJMX8mo9WW/Wu/UxKC1Yw5418gfW1w+f9KOx</latexit>

s✓(✓K) + GK
<latexit sha1_base64="AP2GAHoYKxMVT0aDSGkmNO0QvZU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9CGMpnctEMnD2ZuhBK69Afc6h+4E7d+iD/gdzhps7CtBwYO59zLPXO8RAqNtv1tra1vbG5tl3bKu3v7B4eVo+O2jlPFocVjGauuxzRIEUELBUroJgpY6EnoeOO73O88gdIijh5xkoAbsmEkAsEZGqmrB30cAbJBpWrX7BnoKnEKUiUFmoPKT9+PeRpChFwyrXuOnaCbMYWCS5iW+6mGhPExG0LP0IiFoN1slndKz43i0yBW5kVIZ+rfjYyFWk9Cz0yGDEd62cvF/7xeisGNm4koSREiPj8UpJJiTPPPU18o4CgnhjCuhMlK+YgpxtFUtHDF13m0adkU4yzXsEralzWnXqs/XFUbt0VFJXJKzsgFccg1aZB70iQtwokkL+SVvFnP1rv1YX3OR9esYueELMD6+gWPOJiW</latexit>s✓

Adapted Diffusion

Noise

<latexit sha1_base64="EZETYmX9nRyL1Nkln4gi+uYkcWE=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2hslk2g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7h+LHgGmz72yqtrW9sbpW3Kzu7e/sH1cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/cpv73SemNI/kA0xj5oZkJPmQUwJGetReOoAxA+Klkyzzqj W7bs+AV4lTkBoq0PKqP4MgoknIJFBBtO47dgxuShRwKlhWGSSaxYROyIj1DZUkZNpNZ6kzfGaUAA8jZUYCnql/L1ISaj0NfbMZEhjrZS8X//P6CQyv3ZTLOAEm6fzRMBEYIpxXgAOuGAUxNYRQxU1WTMdEEQqmqIUvgc6jZRVTjLNcwyrpXNSdRr1xf1lr3hQVldEJOkXnyEFXqInuUAu1EUUKvaBX9GY9W+/Wh/U5Xy1Zxc0xWoD19Qvg5JuM</latexit>s✓k

Compute Gradient Guidance
<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

Weights <latexit sha1_base64="qEXaESVr1fTBbnNbrKvEPvC+E8A=">AAACGHicbVDLSsNAFJ34rPVVddnNYBFclUSkuiyK4LKCfUAawmQybYdOHszcSEvMwt/wB9zqH7gTt+78Ab/DSduFbT0wcDjnXu6Z48WCKzDNb2NldW19Y7OwVdze2d3bLx0ctlSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2hte5335gUvEovIdxzJyA9EPe45SAltxSuTsgkHYDAgPPS2+yzB65Jn7EIxcct1Qxq+YEeJlYM1JBMzTc0k/Xj2gSsBCoIErZlhmDkxIJnAqWFbuJYjGhQ9JntqYhCZhy0sknMnyiFR/3IqlfCHii/t1ISaDUOPD0ZJ5WLXq5+J9nJ9C7dFIexgmwkE4P9RKBIcJ5I9jnklEQY00IlVxnxXRAJKGge5u74qs8WlbUxViLNSyT1lnVqlVrd+eV+tWsogIqo2N0iix0geroFjVQE1H0hF7QK3ozno1348P4nI6uGLOdIzQH4+sXngagnw==</latexit>

Ê[x0|xt]

<latexit sha1_base64="j/KiiU24Qs2OvaXioqDjIz7NBJQ="></latexit>

rxt(y � g>Ê[x0|xt])
2

Pre-trained Diffusion

Gradient Query
<latexit sha1_base64="8RbS992UirR97//cna4GH7idu+Q=">AAAB/HicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblwmYD6QDKGn503SpOdDd48QQryAW72BO3HrXbyA57AnmYVJLGgoqt7jVZeXCK60bX9bhY3Nre2d4m5pb//g8Kh8fNJWcSoZtlgsYtn1qELBI2xprgV2E4k09AR2vPF95neeUCoeR496kqAb0mHEA86oNlJzOChX7Ko9B1knTk4qkKMxKP/0/ZilIUaaCapUz7ET7U6p1JwJnJX6qcKEsjEdYs/QiIao3Ok86IxcGMUnQSzNizSZq383pjRUahJ6ZjKkeqRWvUz8z+ulOrh1pzxKUo0RWxwKUkF0TLJfE59LZFpMDKFMcpOVsBGVlGnTzdIVX2XRZiVTjLNawzppX1WdWrXWvK7U7/KKinAG53AJDtxAHR6gAS1ggPACr/BmPVvv1of1uRgtWPnOKSzB+voF8EOVcw==</latexit>g

<latexit sha1_base64="D0sht2uGXguHU9h/RBQWcv/7Mqg="></latexit>

dX t =


1

2
X t + s✓ (X

 
t , T � t) + G (X t , t)

�
dt+ dW t

High-D data 
 Efficient adaptation
Escape from bad local 
optima and saddle points
 Connecting to DRO

-- Y. Guo, H. Yuan, Y. Yang, M. Chen, M. Wang. “Gradient Guidance for 
Diffusion Models: An Optimization Perspective”, NeurIPS 2024
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Noise

Pre-trained Diffusion
<latexit sha1_base64="OhVjuL2UuksxRGnetmEa4wL3BCw=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUR8dFnQhcsK9gFtKJPJpB06mcSZiVBCfsAfcKt/4E7c+hf+gN/hpM3Cth64cDjnXu7heDFnStv2t7Wyura+sVnaKm/v7O7tVw4O2ypKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxje533miUrFIPOhJTN0QDwULGMHaSG4/xHpEME9vs8F4UKnaNXsKtEycglShQHNQ+en7EUlCKjThWKmeY8faTbHUjHCalfuJojEmYzykPUMFDqly02noDJ0axUdBJM0Ijabq34sUh0pNQs9s5iHVopeL/3m9RAd1N2UiTjQVZPYoSDjSEcobQD6TlGg+MQQTyUxWREZYYqJNT3NffJVHy8qmGGexhmXSPq85V7XL+4tqo15UVIJjOIEzcOAaGnAHTWgBgUd4gVd4s56td+vD+pytrljFzRHMwfr6BXxmmrU=</latexit>Dk

Guided Diffusion

Noise

Weighted Fine-tuning
via all past generated data

<latexit sha1_base64="y5+B4UdWOZ+PfrBSSs9ugb/X6ZI=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIIglER8LUUXuqxgVWhKmUxu2qGTBzM3Ygn5BX/DH3Crf+BOBFfu/A4naRdqPTBw5tzHuRwvkUKjbX9Ylanpmdm5+YXq4tLyymptbf1ax6ni0OKxjNWtxzRIEUELBUq4TRSw0JNw4w3OivrNHSgt4ugKhwl0QtaLRCA4QyN1azu6m7nYB2Q53aUuwj2WSzMFfp6Vfx1k53nerdXthl2CThJnTOpkjGa39uX6MU9DiJBLpnXbsRPsZEyh4BLyqptqSBgfsB60DY1YCLqTleY53TaKT4NYmRchLdWfExkLtR6GnukMGfb131oh/ldrpxgcdzIRJSlCxEdGQSopxrSIh/pCAUc5NIRxJcytlPeZYhxNiL9cfF2clldNMM7fGCbJ9V7DOWwcXO7XT07HEc2TTbJFdohDjsgJuSBN0iKcPJAn8kxerEfr1Xqz3ketFWs8s0F+wfr8Bp3xpw0=</latexit>

s✓ + G

<latexit sha1_base64="HMa6LYaTUXy3E6aoJl84q96txDY=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhuLIlIdVnUhcsK9gFNCJPJpB06mYSZiVBCfsPf8Afc6h+4EMSl/oaTNos+vDDD4Zx7ueceP2FUKsv6NFZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/dFvo3SciJI35oxonxI3QgNOQYqQ05ZmWEyE1xIhld7lnQQenif6CWMkSz8jZ6NzOPbNm1a1JwWVgl6AGymp55o8TxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+hpyFBHpZpPLcniqmQCGsdCPKzhhZycyFEk5jnzdWRiVi1pB/qf1UxVeuxnlSaoIx9NFYcqgimEREwyoIFixsQYIC6q9QjxEAmGlw5zbEsjCWl7VwdiLMSyDzkXdbtQbD5e15k0ZUQUcgxNwBmxwBZrgHrRAG2DwDF7BG3g3XowP48v4nrauGOXMEZgr4/cPq7yo5w==</latexit>D0 [ · · · [Dk�1

Gradient-Guided Diffusion for Generative Optimization

<latexit sha1_base64="6pexyF+KX2Kl39GP0TBaRnShkjU="></latexit> w0
...

wk�1

(optional) update

<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

<latexit sha1_base64="+a+XvKO9+e/Tk76tXPL9VPri6AY=">AAACIXicbVDJSgNBEO2Je9xGPXppjEJECDPidhQ9KHhRMEZIwtDTqUkaexa6a8QwzA/4G/6AV/0Db+JNvPsddpaDJj5o+vFeFVX1/EQKjY7zaRUmJqemZ2bnivMLi0vL9srqjY5TxaHKYxmrW59pkCKCKgqUcJsoYKEvoebfnfb82j0oLeLoGrsJNEPWjkQgOEMjefam9rIGdgAZLQ9+72I7pzu0gfCAOsjOcu/Cs0tOxemDjhN3SEpkiEvP/m60Yp6GECGXTOu66yTYzJhCwSXkxUaqIWH8jrWhbmjEQtDNrH9NTreM0qJBrMyLkPbV3x0ZC7Xuhr6pDBl29KjXE//z6ikGR81MREmKEPHBoCCVFGPai4a2hAKOsmsI40qYXSnvMMU4mgD/TGnp3mp50QTjjsYwTm52K+5BZf9qr3R8MoxolqyTDVImLjkkx+ScXJIq4eSRPJMX8mo9WW/Wu/UxKC1Yw5418gfW1w+f9KOx</latexit>

s✓(✓K) + GK
<latexit sha1_base64="AP2GAHoYKxMVT0aDSGkmNO0QvZU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9CGMpnctEMnD2ZuhBK69Afc6h+4E7d+iD/gdzhps7CtBwYO59zLPXO8RAqNtv1tra1vbG5tl3bKu3v7B4eVo+O2jlPFocVjGauuxzRIEUELBUroJgpY6EnoeOO73O88gdIijh5xkoAbsmEkAsEZGqmrB30cAbJBpWrX7BnoKnEKUiUFmoPKT9+PeRpChFwyrXuOnaCbMYWCS5iW+6mGhPExG0LP0IiFoN1slndKz43i0yBW5kVIZ+rfjYyFWk9Cz0yGDEd62cvF/7xeisGNm4koSREiPj8UpJJiTPPPU18o4CgnhjCuhMlK+YgpxtFUtHDF13m0adkU4yzXsEralzWnXqs/XFUbt0VFJXJKzsgFccg1aZB70iQtwokkL+SVvFnP1rv1YX3OR9esYueELMD6+gWPOJiW</latexit>s✓

Adapted Diffusion

Noise

<latexit sha1_base64="EZETYmX9nRyL1Nkln4gi+uYkcWE=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2hslk2g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7h+LHgGmz72yqtrW9sbpW3Kzu7e/sH1cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/cpv73SemNI/kA0xj5oZkJPmQUwJGetReOoAxA+Klkyzzqj W7bs+AV4lTkBoq0PKqP4MgoknIJFBBtO47dgxuShRwKlhWGSSaxYROyIj1DZUkZNpNZ6kzfGaUAA8jZUYCnql/L1ISaj0NfbMZEhjrZS8X//P6CQyv3ZTLOAEm6fzRMBEYIpxXgAOuGAUxNYRQxU1WTMdEEQqmqIUvgc6jZRVTjLNcwyrpXNSdRr1xf1lr3hQVldEJOkXnyEFXqInuUAu1EUUKvaBX9GY9W+/Wh/U5Xy1Zxc0xWoD19Qvg5JuM</latexit>s✓k

Compute Gradient Guidance
<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

Weights <latexit sha1_base64="qEXaESVr1fTBbnNbrKvEPvC+E8A=">AAACGHicbVDLSsNAFJ34rPVVddnNYBFclUSkuiyK4LKCfUAawmQybYdOHszcSEvMwt/wB9zqH7gTt+78Ab/DSduFbT0wcDjnXu6Z48WCKzDNb2NldW19Y7OwVdze2d3bLx0ctlSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2hte5335gUvEovIdxzJyA9EPe45SAltxSuTsgkHYDAgPPS2+yzB65Jn7EIxcct1Qxq+YEeJlYM1JBMzTc0k/Xj2gSsBCoIErZlhmDkxIJnAqWFbuJYjGhQ9JntqYhCZhy0sknMnyiFR/3IqlfCHii/t1ISaDUOPD0ZJ5WLXq5+J9nJ9C7dFIexgmwkE4P9RKBIcJ5I9jnklEQY00IlVxnxXRAJKGge5u74qs8WlbUxViLNSyT1lnVqlVrd+eV+tWsogIqo2N0iix0geroFjVQE1H0hF7QK3ozno1348P4nI6uGLOdIzQH4+sXngagnw==</latexit>

Ê[x0|xt]

<latexit sha1_base64="j/KiiU24Qs2OvaXioqDjIz7NBJQ="></latexit>

rxt(y � g>Ê[x0|xt])
2

Pre-trained Diffusion

Gradient Query
<latexit sha1_base64="8RbS992UirR97//cna4GH7idu+Q=">AAAB/HicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblwmYD6QDKGn503SpOdDd48QQryAW72BO3HrXbyA57AnmYVJLGgoqt7jVZeXCK60bX9bhY3Nre2d4m5pb//g8Kh8fNJWcSoZtlgsYtn1qELBI2xprgV2E4k09AR2vPF95neeUCoeR496kqAb0mHEA86oNlJzOChX7Ko9B1knTk4qkKMxKP/0/ZilIUaaCapUz7ET7U6p1JwJnJX6qcKEsjEdYs/QiIao3Ok86IxcGMUnQSzNizSZq383pjRUahJ6ZjKkeqRWvUz8z+ulOrh1pzxKUo0RWxwKUkF0TLJfE59LZFpMDKFMcpOVsBGVlGnTzdIVX2XRZiVTjLNawzppX1WdWrXWvK7U7/KKinAG53AJDtxAHR6gAS1ggPACr/BmPVvv1of1uRgtWPnOKSzB+voF8EOVcw==</latexit>g

<latexit sha1_base64="D0sht2uGXguHU9h/RBQWcv/7Mqg="></latexit>

dX t =


1

2
X t + s✓ (X

 
t , T � t) + G (X t , t)

�
dt+ dW t

ü High-D data 
 Efficient adaptation
Escape from bad local 
optima and saddle points
 Connecting to DRO

-- Y. Guo, H. Yuan, Y. Yang, M. Chen, M. Wang. “Gradient Guidance for 
Diffusion Models: An Optimization Perspective”, NeurIPS 2024
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Noise

Pre-trained Diffusion
<latexit sha1_base64="OhVjuL2UuksxRGnetmEa4wL3BCw=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUR8dFnQhcsK9gFtKJPJpB06mcSZiVBCfsAfcKt/4E7c+hf+gN/hpM3Cth64cDjnXu7heDFnStv2t7Wyura+sVnaKm/v7O7tVw4O2ypKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxje533miUrFIPOhJTN0QDwULGMHaSG4/xHpEME9vs8F4UKnaNXsKtEycglShQHNQ+en7EUlCKjThWKmeY8faTbHUjHCalfuJojEmYzykPUMFDqly02noDJ0axUdBJM0Ijabq34sUh0pNQs9s5iHVopeL/3m9RAd1N2UiTjQVZPYoSDjSEcobQD6TlGg+MQQTyUxWREZYYqJNT3NffJVHy8qmGGexhmXSPq85V7XL+4tqo15UVIJjOIEzcOAaGnAHTWgBgUd4gVd4s56td+vD+pytrljFzRHMwfr6BXxmmrU=</latexit>Dk

Guided Diffusion

Noise

Weighted Fine-tuning
via all past generated data

<latexit sha1_base64="y5+B4UdWOZ+PfrBSSs9ugb/X6ZI=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIIglER8LUUXuqxgVWhKmUxu2qGTBzM3Ygn5BX/DH3Crf+BOBFfu/A4naRdqPTBw5tzHuRwvkUKjbX9Ylanpmdm5+YXq4tLyymptbf1ax6ni0OKxjNWtxzRIEUELBUq4TRSw0JNw4w3OivrNHSgt4ugKhwl0QtaLRCA4QyN1azu6m7nYB2Q53aUuwj2WSzMFfp6Vfx1k53nerdXthl2CThJnTOpkjGa39uX6MU9DiJBLpnXbsRPsZEyh4BLyqptqSBgfsB60DY1YCLqTleY53TaKT4NYmRchLdWfExkLtR6GnukMGfb131oh/ldrpxgcdzIRJSlCxEdGQSopxrSIh/pCAUc5NIRxJcytlPeZYhxNiL9cfF2clldNMM7fGCbJ9V7DOWwcXO7XT07HEc2TTbJFdohDjsgJuSBN0iKcPJAn8kxerEfr1Xqz3ketFWs8s0F+wfr8Bp3xpw0=</latexit>

s✓ + G

<latexit sha1_base64="HMa6LYaTUXy3E6aoJl84q96txDY=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhuLIlIdVnUhcsK9gFNCJPJpB06mYSZiVBCfsPf8Afc6h+4EMSl/oaTNos+vDDD4Zx7ueceP2FUKsv6NFZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/dFvo3SciJI35oxonxI3QgNOQYqQ05ZmWEyE1xIhld7lnQQenif6CWMkSz8jZ6NzOPbNm1a1JwWVgl6AGymp55o8TxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+hpyFBHpZpPLcniqmQCGsdCPKzhhZycyFEk5jnzdWRiVi1pB/qf1UxVeuxnlSaoIx9NFYcqgimEREwyoIFixsQYIC6q9QjxEAmGlw5zbEsjCWl7VwdiLMSyDzkXdbtQbD5e15k0ZUQUcgxNwBmxwBZrgHrRAG2DwDF7BG3g3XowP48v4nrauGOXMEZgr4/cPq7yo5w==</latexit>D0 [ · · · [Dk�1

Gradient-Guided Diffusion for Generative Optimization

<latexit sha1_base64="6pexyF+KX2Kl39GP0TBaRnShkjU="></latexit> w0
...

wk�1

(optional) update

<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

<latexit sha1_base64="+a+XvKO9+e/Tk76tXPL9VPri6AY=">AAACIXicbVDJSgNBEO2Je9xGPXppjEJECDPidhQ9KHhRMEZIwtDTqUkaexa6a8QwzA/4G/6AV/0Db+JNvPsddpaDJj5o+vFeFVX1/EQKjY7zaRUmJqemZ2bnivMLi0vL9srqjY5TxaHKYxmrW59pkCKCKgqUcJsoYKEvoebfnfb82j0oLeLoGrsJNEPWjkQgOEMjefam9rIGdgAZLQ9+72I7pzu0gfCAOsjOcu/Cs0tOxemDjhN3SEpkiEvP/m60Yp6GECGXTOu66yTYzJhCwSXkxUaqIWH8jrWhbmjEQtDNrH9NTreM0qJBrMyLkPbV3x0ZC7Xuhr6pDBl29KjXE//z6ikGR81MREmKEPHBoCCVFGPai4a2hAKOsmsI40qYXSnvMMU4mgD/TGnp3mp50QTjjsYwTm52K+5BZf9qr3R8MoxolqyTDVImLjkkx+ScXJIq4eSRPJMX8mo9WW/Wu/UxKC1Yw5418gfW1w+f9KOx</latexit>

s✓(✓K) + GK
<latexit sha1_base64="AP2GAHoYKxMVT0aDSGkmNO0QvZU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9CGMpnctEMnD2ZuhBK69Afc6h+4E7d+iD/gdzhps7CtBwYO59zLPXO8RAqNtv1tra1vbG5tl3bKu3v7B4eVo+O2jlPFocVjGauuxzRIEUELBUroJgpY6EnoeOO73O88gdIijh5xkoAbsmEkAsEZGqmrB30cAbJBpWrX7BnoKnEKUiUFmoPKT9+PeRpChFwyrXuOnaCbMYWCS5iW+6mGhPExG0LP0IiFoN1slndKz43i0yBW5kVIZ+rfjYyFWk9Cz0yGDEd62cvF/7xeisGNm4koSREiPj8UpJJiTPPPU18o4CgnhjCuhMlK+YgpxtFUtHDF13m0adkU4yzXsEralzWnXqs/XFUbt0VFJXJKzsgFccg1aZB70iQtwokkL+SVvFnP1rv1YX3OR9esYueELMD6+gWPOJiW</latexit>s✓

Adapted Diffusion

Noise

<latexit sha1_base64="EZETYmX9nRyL1Nkln4gi+uYkcWE=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2hslk2g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7h+LHgGmz72yqtrW9sbpW3Kzu7e/sH1cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/cpv73SemNI/kA0xj5oZkJPmQUwJGetReOoAxA+Klkyzzqj W7bs+AV4lTkBoq0PKqP4MgoknIJFBBtO47dgxuShRwKlhWGSSaxYROyIj1DZUkZNpNZ6kzfGaUAA8jZUYCnql/L1ISaj0NfbMZEhjrZS8X//P6CQyv3ZTLOAEm6fzRMBEYIpxXgAOuGAUxNYRQxU1WTMdEEQqmqIUvgc6jZRVTjLNcwyrpXNSdRr1xf1lr3hQVldEJOkXnyEFXqInuUAu1EUUKvaBX9GY9W+/Wh/U5Xy1Zxc0xWoD19Qvg5JuM</latexit>s✓k

Compute Gradient Guidance
<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

Weights <latexit sha1_base64="qEXaESVr1fTBbnNbrKvEPvC+E8A=">AAACGHicbVDLSsNAFJ34rPVVddnNYBFclUSkuiyK4LKCfUAawmQybYdOHszcSEvMwt/wB9zqH7gTt+78Ab/DSduFbT0wcDjnXu6Z48WCKzDNb2NldW19Y7OwVdze2d3bLx0ctlSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2hte5335gUvEovIdxzJyA9EPe45SAltxSuTsgkHYDAgPPS2+yzB65Jn7EIxcct1Qxq+YEeJlYM1JBMzTc0k/Xj2gSsBCoIErZlhmDkxIJnAqWFbuJYjGhQ9JntqYhCZhy0sknMnyiFR/3IqlfCHii/t1ISaDUOPD0ZJ5WLXq5+J9nJ9C7dFIexgmwkE4P9RKBIcJ5I9jnklEQY00IlVxnxXRAJKGge5u74qs8WlbUxViLNSyT1lnVqlVrd+eV+tWsogIqo2N0iix0geroFjVQE1H0hF7QK3ozno1348P4nI6uGLOdIzQH4+sXngagnw==</latexit>

Ê[x0|xt]

<latexit sha1_base64="j/KiiU24Qs2OvaXioqDjIz7NBJQ="></latexit>

rxt(y � g>Ê[x0|xt])
2

Pre-trained Diffusion

Gradient Query
<latexit sha1_base64="8RbS992UirR97//cna4GH7idu+Q=">AAAB/HicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblwmYD6QDKGn503SpOdDd48QQryAW72BO3HrXbyA57AnmYVJLGgoqt7jVZeXCK60bX9bhY3Nre2d4m5pb//g8Kh8fNJWcSoZtlgsYtn1qELBI2xprgV2E4k09AR2vPF95neeUCoeR496kqAb0mHEA86oNlJzOChX7Ko9B1knTk4qkKMxKP/0/ZilIUaaCapUz7ET7U6p1JwJnJX6qcKEsjEdYs/QiIao3Ok86IxcGMUnQSzNizSZq383pjRUahJ6ZjKkeqRWvUz8z+ulOrh1pzxKUo0RWxwKUkF0TLJfE59LZFpMDKFMcpOVsBGVlGnTzdIVX2XRZiVTjLNawzppX1WdWrXWvK7U7/KKinAG53AJDtxAHR6gAS1ggPACr/BmPVvv1of1uRgtWPnOKSzB+voF8EOVcw==</latexit>g

<latexit sha1_base64="D0sht2uGXguHU9h/RBQWcv/7Mqg="></latexit>

dX t =


1

2
X t + s✓ (X

 
t , T � t) + G (X t , t)

�
dt+ dW t

ü High-D data 
ü Efficient adaptation

Escape from bad local 
optima and saddle points
 Connecting to DRO

-- Y. Guo, H. Yuan, Y. Yang, M. Chen, M. Wang. “Gradient Guidance for 
Diffusion Models: An Optimization Perspective”, NeurIPS 2024
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Noise

Pre-trained Diffusion
<latexit sha1_base64="OhVjuL2UuksxRGnetmEa4wL3BCw=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUR8dFnQhcsK9gFtKJPJpB06mcSZiVBCfsAfcKt/4E7c+hf+gN/hpM3Cth64cDjnXu7heDFnStv2t7Wyura+sVnaKm/v7O7tVw4O2ypKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxje533miUrFIPOhJTN0QDwULGMHaSG4/xHpEME9vs8F4UKnaNXsKtEycglShQHNQ+en7EUlCKjThWKmeY8faTbHUjHCalfuJojEmYzykPUMFDqly02noDJ0axUdBJM0Ijabq34sUh0pNQs9s5iHVopeL/3m9RAd1N2UiTjQVZPYoSDjSEcobQD6TlGg+MQQTyUxWREZYYqJNT3NffJVHy8qmGGexhmXSPq85V7XL+4tqo15UVIJjOIEzcOAaGnAHTWgBgUd4gVd4s56td+vD+pytrljFzRHMwfr6BXxmmrU=</latexit>Dk

Guided Diffusion

Noise

Weighted Fine-tuning
via all past generated data

<latexit sha1_base64="y5+B4UdWOZ+PfrBSSs9ugb/X6ZI=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIIglER8LUUXuqxgVWhKmUxu2qGTBzM3Ygn5BX/DH3Crf+BOBFfu/A4naRdqPTBw5tzHuRwvkUKjbX9Ylanpmdm5+YXq4tLyymptbf1ax6ni0OKxjNWtxzRIEUELBUq4TRSw0JNw4w3OivrNHSgt4ugKhwl0QtaLRCA4QyN1azu6m7nYB2Q53aUuwj2WSzMFfp6Vfx1k53nerdXthl2CThJnTOpkjGa39uX6MU9DiJBLpnXbsRPsZEyh4BLyqptqSBgfsB60DY1YCLqTleY53TaKT4NYmRchLdWfExkLtR6GnukMGfb131oh/ldrpxgcdzIRJSlCxEdGQSopxrSIh/pCAUc5NIRxJcytlPeZYhxNiL9cfF2clldNMM7fGCbJ9V7DOWwcXO7XT07HEc2TTbJFdohDjsgJuSBN0iKcPJAn8kxerEfr1Xqz3ketFWs8s0F+wfr8Bp3xpw0=</latexit>

s✓ + G

<latexit sha1_base64="HMa6LYaTUXy3E6aoJl84q96txDY=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhuLIlIdVnUhcsK9gFNCJPJpB06mYSZiVBCfsPf8Afc6h+4EMSl/oaTNos+vDDD4Zx7ueceP2FUKsv6NFZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/dFvo3SciJI35oxonxI3QgNOQYqQ05ZmWEyE1xIhld7lnQQenif6CWMkSz8jZ6NzOPbNm1a1JwWVgl6AGymp55o8TxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+hpyFBHpZpPLcniqmQCGsdCPKzhhZycyFEk5jnzdWRiVi1pB/qf1UxVeuxnlSaoIx9NFYcqgimEREwyoIFixsQYIC6q9QjxEAmGlw5zbEsjCWl7VwdiLMSyDzkXdbtQbD5e15k0ZUQUcgxNwBmxwBZrgHrRAG2DwDF7BG3g3XowP48v4nrauGOXMEZgr4/cPq7yo5w==</latexit>D0 [ · · · [Dk�1

Gradient-Guided Diffusion for Generative Optimization

<latexit sha1_base64="6pexyF+KX2Kl39GP0TBaRnShkjU="></latexit> w0
...

wk�1

(optional) update

<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

<latexit sha1_base64="+a+XvKO9+e/Tk76tXPL9VPri6AY=">AAACIXicbVDJSgNBEO2Je9xGPXppjEJECDPidhQ9KHhRMEZIwtDTqUkaexa6a8QwzA/4G/6AV/0Db+JNvPsddpaDJj5o+vFeFVX1/EQKjY7zaRUmJqemZ2bnivMLi0vL9srqjY5TxaHKYxmrW59pkCKCKgqUcJsoYKEvoebfnfb82j0oLeLoGrsJNEPWjkQgOEMjefam9rIGdgAZLQ9+72I7pzu0gfCAOsjOcu/Cs0tOxemDjhN3SEpkiEvP/m60Yp6GECGXTOu66yTYzJhCwSXkxUaqIWH8jrWhbmjEQtDNrH9NTreM0qJBrMyLkPbV3x0ZC7Xuhr6pDBl29KjXE//z6ikGR81MREmKEPHBoCCVFGPai4a2hAKOsmsI40qYXSnvMMU4mgD/TGnp3mp50QTjjsYwTm52K+5BZf9qr3R8MoxolqyTDVImLjkkx+ScXJIq4eSRPJMX8mo9WW/Wu/UxKC1Yw5418gfW1w+f9KOx</latexit>

s✓(✓K) + GK
<latexit sha1_base64="AP2GAHoYKxMVT0aDSGkmNO0QvZU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9CGMpnctEMnD2ZuhBK69Afc6h+4E7d+iD/gdzhps7CtBwYO59zLPXO8RAqNtv1tra1vbG5tl3bKu3v7B4eVo+O2jlPFocVjGauuxzRIEUELBUroJgpY6EnoeOO73O88gdIijh5xkoAbsmEkAsEZGqmrB30cAbJBpWrX7BnoKnEKUiUFmoPKT9+PeRpChFwyrXuOnaCbMYWCS5iW+6mGhPExG0LP0IiFoN1slndKz43i0yBW5kVIZ+rfjYyFWk9Cz0yGDEd62cvF/7xeisGNm4koSREiPj8UpJJiTPPPU18o4CgnhjCuhMlK+YgpxtFUtHDF13m0adkU4yzXsEralzWnXqs/XFUbt0VFJXJKzsgFccg1aZB70iQtwokkL+SVvFnP1rv1YX3OR9esYueELMD6+gWPOJiW</latexit>s✓

Adapted Diffusion

Noise

<latexit sha1_base64="EZETYmX9nRyL1Nkln4gi+uYkcWE=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2hslk2g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7h+LHgGmz72yqtrW9sbpW3Kzu7e/sH1cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/cpv73SemNI/kA0xj5oZkJPmQUwJGetReOoAxA+Klkyzzqj W7bs+AV4lTkBoq0PKqP4MgoknIJFBBtO47dgxuShRwKlhWGSSaxYROyIj1DZUkZNpNZ6kzfGaUAA8jZUYCnql/L1ISaj0NfbMZEhjrZS8X//P6CQyv3ZTLOAEm6fzRMBEYIpxXgAOuGAUxNYRQxU1WTMdEEQqmqIUvgc6jZRVTjLNcwyrpXNSdRr1xf1lr3hQVldEJOkXnyEFXqInuUAu1EUUKvaBX9GY9W+/Wh/U5Xy1Zxc0xWoD19Qvg5JuM</latexit>s✓k

Compute Gradient Guidance
<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

Weights <latexit sha1_base64="qEXaESVr1fTBbnNbrKvEPvC+E8A=">AAACGHicbVDLSsNAFJ34rPVVddnNYBFclUSkuiyK4LKCfUAawmQybYdOHszcSEvMwt/wB9zqH7gTt+78Ab/DSduFbT0wcDjnXu6Z48WCKzDNb2NldW19Y7OwVdze2d3bLx0ctlSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2hte5335gUvEovIdxzJyA9EPe45SAltxSuTsgkHYDAgPPS2+yzB65Jn7EIxcct1Qxq+YEeJlYM1JBMzTc0k/Xj2gSsBCoIErZlhmDkxIJnAqWFbuJYjGhQ9JntqYhCZhy0sknMnyiFR/3IqlfCHii/t1ISaDUOPD0ZJ5WLXq5+J9nJ9C7dFIexgmwkE4P9RKBIcJ5I9jnklEQY00IlVxnxXRAJKGge5u74qs8WlbUxViLNSyT1lnVqlVrd+eV+tWsogIqo2N0iix0geroFjVQE1H0hF7QK3ozno1348P4nI6uGLOdIzQH4+sXngagnw==</latexit>

Ê[x0|xt]

<latexit sha1_base64="j/KiiU24Qs2OvaXioqDjIz7NBJQ="></latexit>

rxt(y � g>Ê[x0|xt])
2

Pre-trained Diffusion

Gradient Query
<latexit sha1_base64="8RbS992UirR97//cna4GH7idu+Q=">AAAB/HicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblwmYD6QDKGn503SpOdDd48QQryAW72BO3HrXbyA57AnmYVJLGgoqt7jVZeXCK60bX9bhY3Nre2d4m5pb//g8Kh8fNJWcSoZtlgsYtn1qELBI2xprgV2E4k09AR2vPF95neeUCoeR496kqAb0mHEA86oNlJzOChX7Ko9B1knTk4qkKMxKP/0/ZilIUaaCapUz7ET7U6p1JwJnJX6qcKEsjEdYs/QiIao3Ok86IxcGMUnQSzNizSZq383pjRUahJ6ZjKkeqRWvUz8z+ulOrh1pzxKUo0RWxwKUkF0TLJfE59LZFpMDKFMcpOVsBGVlGnTzdIVX2XRZiVTjLNawzppX1WdWrXWvK7U7/KKinAG53AJDtxAHR6gAS1ggPACr/BmPVvv1of1uRgtWPnOKSzB+voF8EOVcw==</latexit>g

<latexit sha1_base64="D0sht2uGXguHU9h/RBQWcv/7Mqg="></latexit>

dX t =


1

2
X t + s✓ (X

 
t , T � t) + G (X t , t)

�
dt+ dW t

ü High-D data 
ü Efficient adaptation
ü Escape from bad local 

optima and saddle points
 Connecting to DRO

-- Y. Guo, H. Yuan, Y. Yang, M. Chen, M. Wang. “Gradient Guidance for 
Diffusion Models: An Optimization Perspective”, NeurIPS 2024
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Noise

Pre-trained Diffusion
<latexit sha1_base64="OhVjuL2UuksxRGnetmEa4wL3BCw=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUR8dFnQhcsK9gFtKJPJpB06mcSZiVBCfsAfcKt/4E7c+hf+gN/hpM3Cth64cDjnXu7heDFnStv2t7Wyura+sVnaKm/v7O7tVw4O2ypKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxje533miUrFIPOhJTN0QDwULGMHaSG4/xHpEME9vs8F4UKnaNXsKtEycglShQHNQ+en7EUlCKjThWKmeY8faTbHUjHCalfuJojEmYzykPUMFDqly02noDJ0axUdBJM0Ijabq34sUh0pNQs9s5iHVopeL/3m9RAd1N2UiTjQVZPYoSDjSEcobQD6TlGg+MQQTyUxWREZYYqJNT3NffJVHy8qmGGexhmXSPq85V7XL+4tqo15UVIJjOIEzcOAaGnAHTWgBgUd4gVd4s56td+vD+pytrljFzRHMwfr6BXxmmrU=</latexit>Dk

Guided Diffusion

Noise

Weighted Fine-tuning
via all past generated data

<latexit sha1_base64="y5+B4UdWOZ+PfrBSSs9ugb/X6ZI=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIIglER8LUUXuqxgVWhKmUxu2qGTBzM3Ygn5BX/DH3Crf+BOBFfu/A4naRdqPTBw5tzHuRwvkUKjbX9Ylanpmdm5+YXq4tLyymptbf1ax6ni0OKxjNWtxzRIEUELBUq4TRSw0JNw4w3OivrNHSgt4ugKhwl0QtaLRCA4QyN1azu6m7nYB2Q53aUuwj2WSzMFfp6Vfx1k53nerdXthl2CThJnTOpkjGa39uX6MU9DiJBLpnXbsRPsZEyh4BLyqptqSBgfsB60DY1YCLqTleY53TaKT4NYmRchLdWfExkLtR6GnukMGfb131oh/ldrpxgcdzIRJSlCxEdGQSopxrSIh/pCAUc5NIRxJcytlPeZYhxNiL9cfF2clldNMM7fGCbJ9V7DOWwcXO7XT07HEc2TTbJFdohDjsgJuSBN0iKcPJAn8kxerEfr1Xqz3ketFWs8s0F+wfr8Bp3xpw0=</latexit>

s✓ + G

<latexit sha1_base64="HMa6LYaTUXy3E6aoJl84q96txDY=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhuLIlIdVnUhcsK9gFNCJPJpB06mYSZiVBCfsPf8Afc6h+4EMSl/oaTNos+vDDD4Zx7ueceP2FUKsv6NFZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/dFvo3SciJI35oxonxI3QgNOQYqQ05ZmWEyE1xIhld7lnQQenif6CWMkSz8jZ6NzOPbNm1a1JwWVgl6AGymp55o8TxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+hpyFBHpZpPLcniqmQCGsdCPKzhhZycyFEk5jnzdWRiVi1pB/qf1UxVeuxnlSaoIx9NFYcqgimEREwyoIFixsQYIC6q9QjxEAmGlw5zbEsjCWl7VwdiLMSyDzkXdbtQbD5e15k0ZUQUcgxNwBmxwBZrgHrRAG2DwDF7BG3g3XowP48v4nrauGOXMEZgr4/cPq7yo5w==</latexit>D0 [ · · · [Dk�1

Gradient-Guided Diffusion for Generative Optimization

<latexit sha1_base64="6pexyF+KX2Kl39GP0TBaRnShkjU="></latexit> w0
...

wk�1

(optional) update

<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

<latexit sha1_base64="+a+XvKO9+e/Tk76tXPL9VPri6AY=">AAACIXicbVDJSgNBEO2Je9xGPXppjEJECDPidhQ9KHhRMEZIwtDTqUkaexa6a8QwzA/4G/6AV/0Db+JNvPsddpaDJj5o+vFeFVX1/EQKjY7zaRUmJqemZ2bnivMLi0vL9srqjY5TxaHKYxmrW59pkCKCKgqUcJsoYKEvoebfnfb82j0oLeLoGrsJNEPWjkQgOEMjefam9rIGdgAZLQ9+72I7pzu0gfCAOsjOcu/Cs0tOxemDjhN3SEpkiEvP/m60Yp6GECGXTOu66yTYzJhCwSXkxUaqIWH8jrWhbmjEQtDNrH9NTreM0qJBrMyLkPbV3x0ZC7Xuhr6pDBl29KjXE//z6ikGR81MREmKEPHBoCCVFGPai4a2hAKOsmsI40qYXSnvMMU4mgD/TGnp3mp50QTjjsYwTm52K+5BZf9qr3R8MoxolqyTDVImLjkkx+ScXJIq4eSRPJMX8mo9WW/Wu/UxKC1Yw5418gfW1w+f9KOx</latexit>

s✓(✓K) + GK
<latexit sha1_base64="AP2GAHoYKxMVT0aDSGkmNO0QvZU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9CGMpnctEMnD2ZuhBK69Afc6h+4E7d+iD/gdzhps7CtBwYO59zLPXO8RAqNtv1tra1vbG5tl3bKu3v7B4eVo+O2jlPFocVjGauuxzRIEUELBUroJgpY6EnoeOO73O88gdIijh5xkoAbsmEkAsEZGqmrB30cAbJBpWrX7BnoKnEKUiUFmoPKT9+PeRpChFwyrXuOnaCbMYWCS5iW+6mGhPExG0LP0IiFoN1slndKz43i0yBW5kVIZ+rfjYyFWk9Cz0yGDEd62cvF/7xeisGNm4koSREiPj8UpJJiTPPPU18o4CgnhjCuhMlK+YgpxtFUtHDF13m0adkU4yzXsEralzWnXqs/XFUbt0VFJXJKzsgFccg1aZB70iQtwokkL+SVvFnP1rv1YX3OR9esYueELMD6+gWPOJiW</latexit>s✓

Adapted Diffusion

Noise

<latexit sha1_base64="EZETYmX9nRyL1Nkln4gi+uYkcWE=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4A2hslk2g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth64cDjnXu7h+LHgGmz72yqtrW9sbpW3Kzu7e/sH1cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/cpv73SemNI/kA0xj5oZkJPmQUwJGetReOoAxA+Klkyzzqj W7bs+AV4lTkBoq0PKqP4MgoknIJFBBtO47dgxuShRwKlhWGSSaxYROyIj1DZUkZNpNZ6kzfGaUAA8jZUYCnql/L1ISaj0NfbMZEhjrZS8X//P6CQyv3ZTLOAEm6fzRMBEYIpxXgAOuGAUxNYRQxU1WTMdEEQqmqIUvgc6jZRVTjLNcwyrpXNSdRr1xf1lr3hQVldEJOkXnyEFXqInuUAu1EUUKvaBX9GY9W+/Wh/U5Xy1Zxc0xWoD19Qvg5JuM</latexit>s✓k

Compute Gradient Guidance
<latexit sha1_base64="BoqCalhzOuziVXznzoDFT3GXjT4=">AAACGHicbVDLSsNAFJ3UV62vqstugkVwVZKCD1wVXOiygm2FtpTJ5KYdOnkwcyOWkIW/4Q+41T9wJ27d+QN+h9M0C9t6YODMuY9zOU4kuELL+jYKK6tr6xvFzdLW9s7uXnn/oK3CWDJosVCE8t6hCgQPoIUcBdxHEqjvCOg446tpvfMAUvEwuMNJBH2fDgPucUZRS4NypYfwiNmeRIKbJtlfecl1mg7KVatmZTCXiZ2TKsnRHJR/em7IYh8CZIIq1bWtCPsJlciZgLTUixVElI3pELqaBtQH1U8y89Q81opreqHUL0AzU/9OJNRXauI7utOnOFKLtan4X60bo3fRT3gQxQgBmxl5sTAxNKeJmC6XwFBMNKFMcn2ryUZUUoY6tzkXV01PS0s6GHsxhmXSrtfss9rpbb3auMwjKpIKOSInxCbnpEFuSJO0CCNP5IW8kjfj2Xg3PozPWWvByGcOyRyMr1+tIKHa</latexit>

G

Weights <latexit sha1_base64="qEXaESVr1fTBbnNbrKvEPvC+E8A=">AAACGHicbVDLSsNAFJ34rPVVddnNYBFclUSkuiyK4LKCfUAawmQybYdOHszcSEvMwt/wB9zqH7gTt+78Ab/DSduFbT0wcDjnXu6Z48WCKzDNb2NldW19Y7OwVdze2d3bLx0ctlSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2hte5335gUvEovIdxzJyA9EPe45SAltxSuTsgkHYDAgPPS2+yzB65Jn7EIxcct1Qxq+YEeJlYM1JBMzTc0k/Xj2gSsBCoIErZlhmDkxIJnAqWFbuJYjGhQ9JntqYhCZhy0sknMnyiFR/3IqlfCHii/t1ISaDUOPD0ZJ5WLXq5+J9nJ9C7dFIexgmwkE4P9RKBIcJ5I9jnklEQY00IlVxnxXRAJKGge5u74qs8WlbUxViLNSyT1lnVqlVrd+eV+tWsogIqo2N0iix0geroFjVQE1H0hF7QK3ozno1348P4nI6uGLOdIzQH4+sXngagnw==</latexit>

Ê[x0|xt]

<latexit sha1_base64="j/KiiU24Qs2OvaXioqDjIz7NBJQ="></latexit>

rxt(y � g>Ê[x0|xt])
2

Pre-trained Diffusion

Gradient Query
<latexit sha1_base64="8RbS992UirR97//cna4GH7idu+Q=">AAAB/HicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblwmYD6QDKGn503SpOdDd48QQryAW72BO3HrXbyA57AnmYVJLGgoqt7jVZeXCK60bX9bhY3Nre2d4m5pb//g8Kh8fNJWcSoZtlgsYtn1qELBI2xprgV2E4k09AR2vPF95neeUCoeR496kqAb0mHEA86oNlJzOChX7Ko9B1knTk4qkKMxKP/0/ZilIUaaCapUz7ET7U6p1JwJnJX6qcKEsjEdYs/QiIao3Ok86IxcGMUnQSzNizSZq383pjRUahJ6ZjKkeqRWvUz8z+ulOrh1pzxKUo0RWxwKUkF0TLJfE59LZFpMDKFMcpOVsBGVlGnTzdIVX2XRZiVTjLNawzppX1WdWrXWvK7U7/KKinAG53AJDtxAHR6gAS1ggPACr/BmPVvv1of1uRgtWPnOKSzB+voF8EOVcw==</latexit>g

<latexit sha1_base64="D0sht2uGXguHU9h/RBQWcv/7Mqg="></latexit>

dX t =


1

2
X t + s✓ (X

 
t , T � t) + G (X t , t)

�
dt+ dW t

ü High-D data 
ü Efficient adaptation
ü Escape from bad local 

optima and saddle points
ü Connecting to DRO

-- Y. Guo, H. Yuan, Y. Yang, M. Chen, M. Wang. “Gradient Guidance for 
Diffusion Models: An Optimization Perspective”, NeurIPS 2024
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• Gaussian noise may not be suitable for discrete data

<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="G2la9CXsaoslf4cpll7NOPFIaCM=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYounFZsS9oQ5lMJu3QySTM3AglFPwBt/oH7sStv+IP+B1O2ixs64GBwzn3cs8cLxZcg21/W4W19Y3NreJ2aWd3b/+gfHjU1lGiKGvRSESq6xHNBJesBRwE68aKkdATrOON7zK/88SU5pFswiRmbkiGkgecEjDSI9w0B+WKXbVnwKvEyUkF5WgMyj99P6JJyCRQQbTuOXYMbkoUcCrYtNRPNIsJHZMh6xkqSci0m86iTvGZUXwcRMo8CXim/t1ISaj1JPTMZEhgpJe9TPzP6yUQXLspl3ECTNL5oSARGCKc/Rv7XDEKYmIIoYqbrJiOiCIUTDsLV3ydRZuWTDHOcg2rpH1RdWrV2sNlpX6bV1REJ+gUnSMHXaE6ukcN1EIUDdELekVv1rP1bn1Yn/PRgpXvHKMFWF+/N0iWJQ==</latexit>

t = T
<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="nb370K/bwN2Tld9wgQkYeMxex5A=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa6ZXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/3GWAg==</latexit>

t = 1

<latexit sha1_base64="FxSRF+dktnqn3Egj5aPstgX4fLI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVZIi1Y1QdOOyon1AG8pkMmmHTiZh5kYooeAPuNU/cCdu/RV/wO9w0mZhWw8MHM65l3vmeLHgGmz72yqsrW9sbhW3Szu7e/sH5cOjto4SRVmLRiJSXY9oJrhkLeAgWDdWjISeYB1vfJv5nSemNI/kI0xi5oZkKHnAKQEjPcB1bVCu2FV7BrxKnJxUUI7moPzT9yOahEwCFUTrnmPH4KZEAaeCTUv9RLOY0DEZsp6hkoRMu+ks6hSfGcXHQaTMk4Bn6t+NlIRaT0LPTIYERnrZy8T/vF4CwZWbchknwCSdHwoSgSHC2b+xzxWjICaGEKq4yYrpiChCwbSzcMXXWbRpyRTjLNewStq1qlOv1u8vKo2bvKIiOkGn6Bw56BI10B1qohaiaIhe0Ct6s56td+vD+pyPFqx85xgtwPr6BQEYlgM=</latexit>

t = 2

<latexit sha1_base64="cjxQvcdTC0S+S4HgiQKc78cnlKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1Y1QdOOyon1AG8pkMmmHTiZhZiKUUPAH3OofuBO3/oo/4Hc4abOwrQcGDufcyz1zvJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90W3mt5+oVCwSj3ocUzfEA8ECRrA20oO+Pu+XK3bVngItEycnFcjR6Jd/en5EkpAKTThWquvYsXZTLDUjnE5KvUTRGJMRHtCuoQKHVLnpNOoEnRjFR0EkzRMaTdW/GykOlRqHnpkMsR6qRS8T//O6iQ6u3JSJONFUkNmhIOFIRyj7N/KZpETzsSGYSGayIjLEEhNt2pm74qss2qRkinEWa1gmrbOqU6vW7i8q9Zu8oiIcwTGcggOXUIc7aEATCAzgBV7hzXq23q0P63M2WrDynUOYg/X1CwKwlgQ=</latexit>

t = 3

Integer optimization
 Protein generation
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• Gaussian noise may not be suitable for discrete data

<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="G2la9CXsaoslf4cpll7NOPFIaCM=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYounFZsS9oQ5lMJu3QySTM3AglFPwBt/oH7sStv+IP+B1O2ixs64GBwzn3cs8cLxZcg21/W4W19Y3NreJ2aWd3b/+gfHjU1lGiKGvRSESq6xHNBJesBRwE68aKkdATrOON7zK/88SU5pFswiRmbkiGkgecEjDSI9w0B+WKXbVnwKvEyUkF5WgMyj99P6JJyCRQQbTuOXYMbkoUcCrYtNRPNIsJHZMh6xkqSci0m86iTvGZUXwcRMo8CXim/t1ISaj1JPTMZEhgpJe9TPzP6yUQXLspl3ECTNL5oSARGCKc/Rv7XDEKYmIIoYqbrJiOiCIUTDsLV3ydRZuWTDHOcg2rpH1RdWrV2sNlpX6bV1REJ+gUnSMHXaE6ukcN1EIUDdELekVv1rP1bn1Yn/PRgpXvHKMFWF+/N0iWJQ==</latexit>

t = T
<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="nb370K/bwN2Tld9wgQkYeMxex5A=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa6ZXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/3GWAg==</latexit>

t = 1

<latexit sha1_base64="FxSRF+dktnqn3Egj5aPstgX4fLI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVZIi1Y1QdOOyon1AG8pkMmmHTiZh5kYooeAPuNU/cCdu/RV/wO9w0mZhWw8MHM65l3vmeLHgGmz72yqsrW9sbhW3Szu7e/sH5cOjto4SRVmLRiJSXY9oJrhkLeAgWDdWjISeYB1vfJv5nSemNI/kI0xi5oZkKHnAKQEjPcB1bVCu2FV7BrxKnJxUUI7moPzT9yOahEwCFUTrnmPH4KZEAaeCTUv9RLOY0DEZsp6hkoRMu+ks6hSfGcXHQaTMk4Bn6t+NlIRaT0LPTIYERnrZy8T/vF4CwZWbchknwCSdHwoSgSHC2b+xzxWjICaGEKq4yYrpiChCwbSzcMXXWbRpyRTjLNewStq1qlOv1u8vKo2bvKIiOkGn6Bw56BI10B1qohaiaIhe0Ct6s56td+vD+pyPFqx85xgtwPr6BQEYlgM=</latexit>

t = 2

<latexit sha1_base64="cjxQvcdTC0S+S4HgiQKc78cnlKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1Y1QdOOyon1AG8pkMmmHTiZhZiKUUPAH3OofuBO3/oo/4Hc4abOwrQcGDufcyz1zvJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90W3mt5+oVCwSj3ocUzfEA8ECRrA20oO+Pu+XK3bVngItEycnFcjR6Jd/en5EkpAKTThWquvYsXZTLDUjnE5KvUTRGJMRHtCuoQKHVLnpNOoEnRjFR0EkzRMaTdW/GykOlRqHnpkMsR6qRS8T//O6iQ6u3JSJONFUkNmhIOFIRyj7N/KZpETzsSGYSGayIjLEEhNt2pm74qss2qRkinEWa1gmrbOqU6vW7i8q9Zu8oiIcwTGcggOXUIc7aEATCAzgBV7hzXq23q0P63M2WrDynUOYg/X1CwKwlgQ=</latexit>

t = 3

• Discrete diffusion jumps inside data support as “corruption”

Integer optimization
 Protein generation
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• Gaussian noise may not be suitable for discrete data

<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="G2la9CXsaoslf4cpll7NOPFIaCM=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYounFZsS9oQ5lMJu3QySTM3AglFPwBt/oH7sStv+IP+B1O2ixs64GBwzn3cs8cLxZcg21/W4W19Y3NreJ2aWd3b/+gfHjU1lGiKGvRSESq6xHNBJesBRwE68aKkdATrOON7zK/88SU5pFswiRmbkiGkgecEjDSI9w0B+WKXbVnwKvEyUkF5WgMyj99P6JJyCRQQbTuOXYMbkoUcCrYtNRPNIsJHZMh6xkqSci0m86iTvGZUXwcRMo8CXim/t1ISaj1JPTMZEhgpJe9TPzP6yUQXLspl3ECTNL5oSARGCKc/Rv7XDEKYmIIoYqbrJiOiCIUTDsLV3ydRZuWTDHOcg2rpH1RdWrV2sNlpX6bV1REJ+gUnSMHXaE6ukcN1EIUDdELekVv1rP1bn1Yn/PRgpXvHKMFWF+/N0iWJQ==</latexit>

t = T
<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="nb370K/bwN2Tld9wgQkYeMxex5A=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa6ZXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/3GWAg==</latexit>

t = 1

<latexit sha1_base64="FxSRF+dktnqn3Egj5aPstgX4fLI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVZIi1Y1QdOOyon1AG8pkMmmHTiZh5kYooeAPuNU/cCdu/RV/wO9w0mZhWw8MHM65l3vmeLHgGmz72yqsrW9sbhW3Szu7e/sH5cOjto4SRVmLRiJSXY9oJrhkLeAgWDdWjISeYB1vfJv5nSemNI/kI0xi5oZkKHnAKQEjPcB1bVCu2FV7BrxKnJxUUI7moPzT9yOahEwCFUTrnmPH4KZEAaeCTUv9RLOY0DEZsp6hkoRMu+ks6hSfGcXHQaTMk4Bn6t+NlIRaT0LPTIYERnrZy8T/vF4CwZWbchknwCSdHwoSgSHC2b+xzxWjICaGEKq4yYrpiChCwbSzcMXXWbRpyRTjLNewStq1qlOv1u8vKo2bvKIiOkGn6Bw56BI10B1qohaiaIhe0Ct6s56td+vD+pyPFqx85xgtwPr6BQEYlgM=</latexit>

t = 2

<latexit sha1_base64="cjxQvcdTC0S+S4HgiQKc78cnlKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1Y1QdOOyon1AG8pkMmmHTiZhZiKUUPAH3OofuBO3/oo/4Hc4abOwrQcGDufcyz1zvJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90W3mt5+oVCwSj3ocUzfEA8ECRrA20oO+Pu+XK3bVngItEycnFcjR6Jd/en5EkpAKTThWquvYsXZTLDUjnE5KvUTRGJMRHtCuoQKHVLnpNOoEnRjFR0EkzRMaTdW/GykOlRqHnpkMsR6qRS8T//O6iQ6u3JSJONFUkNmhIOFIRyj7N/KZpETzsSGYSGayIjLEEhNt2pm74qss2qRkinEWa1gmrbOqU6vW7i8q9Zu8oiIcwTGcggOXUIc7aEATCAzgBV7hzXq23q0P63M2WrDynUOYg/X1CwKwlgQ=</latexit>

t = 3

• Discrete diffusion jumps inside data support as “corruption”

Ø Integer optimization
 Protein generation
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• Gaussian noise may not be suitable for discrete data

<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="G2la9CXsaoslf4cpll7NOPFIaCM=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYounFZsS9oQ5lMJu3QySTM3AglFPwBt/oH7sStv+IP+B1O2ixs64GBwzn3cs8cLxZcg21/W4W19Y3NreJ2aWd3b/+gfHjU1lGiKGvRSESq6xHNBJesBRwE68aKkdATrOON7zK/88SU5pFswiRmbkiGkgecEjDSI9w0B+WKXbVnwKvEyUkF5WgMyj99P6JJyCRQQbTuOXYMbkoUcCrYtNRPNIsJHZMh6xkqSci0m86iTvGZUXwcRMo8CXim/t1ISaj1JPTMZEhgpJe9TPzP6yUQXLspl3ECTNL5oSARGCKc/Rv7XDEKYmIIoYqbrJiOiCIUTDsLV3ydRZuWTDHOcg2rpH1RdWrV2sNlpX6bV1REJ+gUnSMHXaE6ukcN1EIUDdELekVv1rP1bn1Yn/PRgpXvHKMFWF+/N0iWJQ==</latexit>

t = T
<latexit sha1_base64="Ct2ETzE2ZLjG6/6s2YbOqLLSGXc=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa7pXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/dmWAQ==</latexit>

t = 0

<latexit sha1_base64="nb370K/bwN2Tld9wgQkYeMxex5A=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMyovlAMoSenp6kSc+H7jdCGAJewK3ewJ249SpewHPYSWZhEgsaiqr3eNXlJVJotO1va2V1bX1js7BV3N7Z3dsvHRw2dZwqxhsslrFqe1RzKSLeQIGStxPFaehJ3vKGtxO/9cSVFnH0iKOEuyHtRyIQjKKRHvDa6ZXKdsWegiwTJydlyFHvlX66fszSkEfIJNW649gJuhlVKJjk42I31TyhbEj7vGNoREOu3WwadUxOjeKTIFbmRUim6t+NjIZaj0LPTIYUB3rRm4j/eZ0Ugys3E1GSIo/Y7FCQSoIxmfyb+EJxhnJkCGVKmKyEDaiiDE07c1d8PYk2LppinMUalknzvOJUK9X7i3LtJq+oAMdwAmfgwCXU4A7q0AAGfXiBV3iznq1368P6nI2uWPnOEczB+voF/3GWAg==</latexit>

t = 1

<latexit sha1_base64="FxSRF+dktnqn3Egj5aPstgX4fLI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVZIi1Y1QdOOyon1AG8pkMmmHTiZh5kYooeAPuNU/cCdu/RV/wO9w0mZhWw8MHM65l3vmeLHgGmz72yqsrW9sbhW3Szu7e/sH5cOjto4SRVmLRiJSXY9oJrhkLeAgWDdWjISeYB1vfJv5nSemNI/kI0xi5oZkKHnAKQEjPcB1bVCu2FV7BrxKnJxUUI7moPzT9yOahEwCFUTrnmPH4KZEAaeCTUv9RLOY0DEZsp6hkoRMu+ks6hSfGcXHQaTMk4Bn6t+NlIRaT0LPTIYERnrZy8T/vF4CwZWbchknwCSdHwoSgSHC2b+xzxWjICaGEKq4yYrpiChCwbSzcMXXWbRpyRTjLNewStq1qlOv1u8vKo2bvKIiOkGn6Bw56BI10B1qohaiaIhe0Ct6s56td+vD+pyPFqx85xgtwPr6BQEYlgM=</latexit>

t = 2

<latexit sha1_base64="cjxQvcdTC0S+S4HgiQKc78cnlKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1Y1QdOOyon1AG8pkMmmHTiZhZiKUUPAH3OofuBO3/oo/4Hc4abOwrQcGDufcyz1zvJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90W3mt5+oVCwSj3ocUzfEA8ECRrA20oO+Pu+XK3bVngItEycnFcjR6Jd/en5EkpAKTThWquvYsXZTLDUjnE5KvUTRGJMRHtCuoQKHVLnpNOoEnRjFR0EkzRMaTdW/GykOlRqHnpkMsR6qRS8T//O6iQ6u3JSJONFUkNmhIOFIRyj7N/KZpETzsSGYSGayIjLEEhNt2pm74qss2qRkinEWa1gmrbOqU6vW7i8q9Zu8oiIcwTGcggOXUIc7aEATCAzgBV7hzXq23q0P63M2WrDynUOYg/X1CwKwlgQ=</latexit>

t = 3

• Discrete diffusion jumps inside data support as “corruption”

Ø Integer optimization
Ø Protein generation
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