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Background and Motivation

Knowledge distillation aims at transferring knowledge from the teacher

model to the student one by aligning their distributions. Feature-level dis-

tillation often uses L2 distance or its variants as the loss function, based

on the assumption that outputs follow normal distributions.

Insights behind Loss Function

Ltrans = − log p(xT |xS) ∝ log σ̂ + (xT − µ̂)2

2σ̂2
. (1)

In the standard L2 loss paradigm, variance is treated as a constant value.
This assumption may pose a significant challenge when confronting

large distribution gaps.

Experimental Observations

Teacher Swin Swin Swin

94.48% 94.48% 94.48%

Student MobileNetV2 ResNet18 ShuffleNetV2

84.04% 84.42% 76.86%

CRD 83.72% 84.26% 77.88%

-0.32 -0.16 +1.02

Key Idea

Progessively transfer knowledge!

(a) Classical KD     
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student feature

teacher feature

transfer path
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(b) Diffusion KD     
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Decompose the transfer objective into small parts

Map student features to teachers features step by step.

Leverage diffusion theories.

Problem and Solutions

However, directly using diffusion models is impractical.

Problem: How to map student to teacher features in diffusion manner.

Problem: How to generate multiple features without extra inference

cost.

Solution: Mapping student to teacher features via diffusion reverse

process manner.

Solution: Utilize structral-reparameterization techinicals.

Problem Formulation

General Formulation of Transfer Learning

We define P and Q are corresponding distributions, then the conven-

tional KL divergence between teacher and student distributions can be

defined as :

KL(P ||Q) =
∑
x

p(xT ) log(p(xT )
q(xS)

), (2)

With regard to the maximum likelihood estimation approach, the transfer

objective can be defined as − log(qθ(xT |xS)), the transfer objective can

be reformulated as:

− log (qθ(xT
0 |xT

1 ) · · · qθ(xT
t−1|x

T
t ) · · · qθ(xT

n−1|x
S
n)), (3)

Instead of directly predicting xT
0 by xS

n , which may lead to negative trans-

fer, we can optimize the intermediate steps (e.g., − log qθ(xT
t−1|x

T
t )) and

safely transfer the knowledge.

KDiffusion

Whole framework

Student 
features

KL KL

· · ·

<latexit sha1_base64="lTWuJznysdWqyGP+caqu3RmX/YU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALDvjzc=</latexit>

x
T

n−t

<latexit sha1_base64="eB9GUuXgp1h+MrRJxRVMa8awrj0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqeiy6MZlhb6gjWEymbRDJ5MwMxFLiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1ezKhUlvVtlJaWV1bXyuuVjc2t7R1zd68jo0Rg0sYRi0TPQ5IwyklbUcVILxYEhR4jXW98nfvdeyIkjXhLTWLihGjIaUAxUlpyzYOBFzFfTkL9pQ/ZXdrK3JSfqsw1q1bNmgIuErsgVVCg6ZpfAz/CSUi4wgxJ2betWDkpEopiRrLKIJEkRniMhqSvKUchkU46vSCDx1rxYRAJ/biCU/V3R4pCmS+pK0OkRnLey8X/vH6igksnpTxOFOF4NihIGFQRzOOAPhUEKzbRBGFB9a4Qj5BAWOnQKjoEe/7kRdI5q9n12vltvdq4KuIog0NwBE6ADS5AA9yAJmgDDB7BM3gFb8aT8WK8Gx+z0pJR9OyDPzA+fwC4C5e2</latexit>

x
T

n−2t

<latexit sha1_base64="vGhHoGArOuO8RIlavYq1nvarqd0=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwY0lKRZdFNy4r9AVtDJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce48fUyKVbX8bS8srq2vrpY3y5tb2zq65t9+RPBEItxGnXPR8KDElDLcVURT3YoFh5FPc9cfXud+9x0ISzlpqEmM3gkNGQoKg0pJnHg58TgM5ifSXPmR3aSvzUnZWU5lnVuyqPYW1SJyCVECBpmd+DQKOkggzhSiUsu/YsXJTKBRBFGflQSJxDNEYDnFfUwYjLN10ekJmnWglsEIu9GPKmqq/O1IYyXxLXRlBNZLzXi7+5/UTFV66KWFxojBDs0FhQi3FrTwPKyACI0UnmkAkiN7VQiMoIFI6tbIOwZk/eZF0alWnXj2/rVcaV0UcJXAEjsEpcMAFaIAb0ARtgMAjeAav4M14Ml6Md+NjVrpkFD0H4A+Mzx8ymZfy</latexit>

KL

Teacher 
features

x
S

n

<latexit sha1_base64="yyy7eQkiqwbDxyJQ7MgiR0y3c7o=">AAAB/XicbVC7TsMwFL3hWcqrPDYWiwqJqUpQEYwVLIxF0IfUhspxnNaq40S2gyhRxK+wMIAQK//Bxt/gtB2g5UiWj865Vz4+XsyZ0rb9bS0sLi2vrBbWiusbm1vbpZ3dpooSSWiDRDySbQ8rypmgDc00p+1YUhx6nLa84WXut+6pVCwSt3oUUzfEfcECRrA2Uq+03/Ui7qtRaK70IbtLb7Kekct2xR4DzRNnSsowRb1X+ur6EUlCKjThWKmOY8faTbHUjHCaFbuJojEmQ9ynHUMFDqly03H6DB0ZxUdBJM0RGo3V3xspDlUe0EyGWA/UrJeL/3mdRAfnbspEnGgqyOShIOFIRyivAvlMUqL5yBBMJDNZERlgiYk2hRVNCc7sl+dJ86TiVCun19Vy7WJaRwEO4BCOwYEzqMEV1KEBBB7hGV7hzXqyXqx362MyumBNd/bgD6zPH5GPlfQ=</latexit>

x
T

0

<latexit sha1_base64="psSEm1Yj5jLBALrbgIagqAa7tS0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqhJUBGMFC2OR+pLaEDmO01p17Mh2ECWq+CssDCDEyv9g49/gtBmg5STLp7vvk88XJIwq7Tjf1tLyyuraemmjvLm1vbNr7+23lUglJi0smJDdACnCKCctTTUj3UQSFAeMdILRde537olUVPCmHifEi9GA04hipI3k24f9QLBQjWNzZQ+Tu6w58R3frjhVZwq4SNyCVECBhm9/9UOB05hwjRlSquc6ifYyJDXFjEzK/VSRBOERGpCeoRzFRHnZNP0EnhglhJGQ5nANp+rvjQzFKg9oJmOkh2rey8X/vF6qo0svozxJNeF49lCUMqgFzKuAIZUEazY2BGFJTVaIh0girE1hZVOCO//lRdI+q7q16vltrVK/KuoogSNwDE6BCy5AHdyABmgBDB7BM3gFb9aT9WK9Wx+z0SWr2DkAf2B9/gA1HpW3</latexit>

x
S

n−t

<latexit sha1_base64="md2CTBSkrsqoSkL+GLuhLWkDkAY=">AAACAXicbVC7TsMwFHXKq5RXgAWJJaJCYqFKUBGMFSyMRdCH1IbIcZzWqmNHtoOoorDwKywMIMTKX7DxNzhtBmg5kuWjc+7Vvff4MSVS2fa3UVpYXFpeKa9W1tY3NrfM7Z225IlAuIU45aLrQ4kpYbiliKK4GwsMI5/ijj+6zP3OPRaScHarxjF2IzhgJCQIKi155l7f5zSQ40h/6UN2l95kXsqOVeaZVbtmT2DNE6cgVVCg6Zlf/YCjJMJMIQql7Dl2rNwUCkUQxVmln0gcQzSCA9zTlMEISzedXJBZh1oJrJAL/ZiyJurvjhRGMl9SV0ZQDeWsl4v/eb1EheduSlicKMzQdFCYUEtxK4/DCojASNGxJhAJone10BAKiJQOraJDcGZPniftk5pTr51e16uNiyKOMtgHB+AIOOAMNMAVaIIWQOARPINX8GY8GS/Gu/ExLS0ZRc8u+APj8we2gJe1</latexit>

Forward 
process

p(xT

n
|xT

0
)

<latexit sha1_base64="qwFiqMvv4P+keUhFlfXWF/9errA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoICWRii6LblxW6AvaGCaTSTt0MgkzE7HE/IQbf8WNC0XcCu78GydtF9p6YJjDOfdy7z1ezKhUlvVtFJaWV1bXiuuljc2t7R1zd68to0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90lfudOyIkjXhTjWPihGjAaUAxUlpyzZO40vci5stxqL/0PrttuinPHhZFKzt2zbJVtSaAi8SekTKYoeGaX30/wklIuMIMSdmzrVg5KRKKYkayUj+RJEZ4hAakpylHIZFOOrkqg0da8WEQCf24ghP1d0eKQplvqCtDpIZy3svF/7xeooILJ6U8ThTheDooSBhUEcwjgj4VBCs21gRhQfWuEA+RQFjpIEs6BHv+5EXSPq3aterZTa1cv5zFUQQH4BBUgA3OQR1cgwZoAQwewTN4BW/Gk/FivBsf09KCMevZB39gfP4AonigXg==</latexit>

weighted 

sum

x
S

n−2t

<latexit sha1_base64="oYl5Fre0h1jeWD+Mj82tjjhgH9g=">AAACAnicbVC7TsMwFHV4lvIKMCGWiAqJhSqpimCsYGEsgj6kNkSO47RWHTuyHUQVRSz8CgsDCLHyFWz8DU6bAVqOZPnonHt17z1+TIlUtv1tLCwuLa+sltbK6xubW9vmzm5b8kQg3EKcctH1ocSUMNxSRFHcjQWGkU9xxx9d5n7nHgtJOLtV4xi7ERwwEhIElZY8c7/vcxrIcaS/9CG7S28yL2UnNZV5ZsWu2hNY88QpSAUUaHrmVz/gKIkwU4hCKXuOHSs3hUIRRHFW7icSxxCN4AD3NGUwwtJNJydk1pFWAivkQj+mrIn6uyOFkcy31JURVEM56+Xif14vUeG5mxIWJwozNB0UJtRS3MrzsAIiMFJ0rAlEguhdLTSEAiKlUyvrEJzZk+dJu1Z16tXT63qlcVHEUQIH4BAcAwecgQa4Ak3QAgg8gmfwCt6MJ+PFeDc+pqULRtGzB/7A+PwBMQ2X8Q==</latexit>

x
T

1

<latexit sha1_base64="gtH1fr0EAkILmTTZ1hly1Qn/h/8=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqhJUBGMFC2OR+pLaEDmO01p17Mh2ECWq+CssDCDEyv9g49/gtBmg5STLp7vvk88XJIwq7Tjf1tLyyuraemmjvLm1vbNr7+23lUglJi0smJDdACnCKCctTTUj3UQSFAeMdILRde537olUVPCmHifEi9GA04hipI3k24f9QLBQjWNzZQ+Tu6afuRPfrjhVZwq4SNyCVECBhm9/9UOB05hwjRlSquc6ifYyJDXFjEzK/VSRBOERGpCeoRzFRHnZNP0EnhglhJGQ5nANp+rvjQzFKg9oJmOkh2rey8X/vF6qo0svozxJNeF49lCUMqgFzKuAIZUEazY2BGFJTVaIh0girE1hZVOCO//lRdI+q7q16vltrVK/KuoogSNwDE6BCy5AHdyABmgBDB7BM3gFb9aT9WK9Wx+z0SWr2DkAf2B9/gA19ZW4</latexit>

· · ·

<latexit sha1_base64="lTWuJznysdWqyGP+caqu3RmX/YU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALDvjzc=</latexit>

· · ·

<latexit sha1_base64="lTWuJznysdWqyGP+caqu3RmX/YU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALDvjzc=</latexit>

· · ·

<latexit sha1_base64="lTWuJznysdWqyGP+caqu3RmX/YU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALDvjzc=</latexit>

x
S

1

<latexit sha1_base64="n9XigeGtoGqHidex7+NJa+Acd3w=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqhJUBGMFC2MR9CG1IXIcp7Xq2JHtIEoU8VdYGECIlf/Bxr/BaTtAy0mWT3ffJ58vSBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltKZFKTJpYMCE7AVKEUU6ammpGOokkKA4YaQfDy8Jv3xOpqOC3epQQL0Z9TiOKkTaSb+/3AsFCNYrNlT3kdzd+5ua+XXGqzhhwnrhTUgFTNHz7qxcKnMaEa8yQUl3XSbSXIakpZiQv91JFEoSHqE+6hnIUE+Vl4/Q5PDJKCCMhzeEajtXfGxmKVRHQTMZID9SsV4j/ed1UR+deRnmSasLx5KEoZVALWFQBQyoJ1mxkCMKSmqwQD5BEWJvCyqYEd/bL86R1UnVr1dPrWqV+Ma2jBA7AITgGLjgDdXAFGqAJMHgEz+AVvFlP1ov1bn1MRhes6c4e+APr8wc0bZW3</latexit>

Reverse 
process

qθ(x
T

n−3t|x
S

n , · · · ,x
S

n−2t)

<latexit sha1_base64="AvuWcfTobUqTyL2DIdhLSnPC0iU="></latexit>

KL

x
T

n−3t

<latexit sha1_base64="/3Ww2au2hE9jU9QHy18mWHr6mTI=">AAACAnicbVC7TsMwFHV4lvIKMCGWiAqJhSqBIhgrWBiL1JfUhshxnNaqY0e2g6iiiIVfYWEAIVa+go2/wWkzQMuRLB+dc6/uvcePKZHKtr+NhcWl5ZXV0lp5fWNza9vc2W1LngiEW4hTLro+lJgShluKKIq7scAw8inu+KPr3O/cYyEJZ001jrEbwQEjIUFQackz9/s+p4EcR/pLH7K7tJl5KTs5U5lnVuyqPYE1T5yCVECBhmd+9QOOkggzhSiUsufYsXJTKBRBFGflfiJxDNEIDnBPUwYjLN10ckJmHWklsEIu9GPKmqi/O1IYyXxLXRlBNZSzXi7+5/USFV66KWFxojBD00FhQi3FrTwPKyACI0XHmkAkiN7VQkMoIFI6tbIOwZk9eZ60T6tOrXp+W6vUr4o4SuAAHIJj4IALUAc3oAFaAIFH8AxewZvxZLwY78bHtHTBKHr2wB8Ynz80H5fz</latexit>

x
S

n−3t

<latexit sha1_base64="/VF6N7PgMIfZsSK7ZH7FnfSVwQI=">AAACAnicbVC7TsMwFHV4lvIKMCGWiAqJhSqBIhgrWBiLoA+pDZHjOK1Vx45sB1FFEQu/wsIAQqx8BRt/g9NmgJYjWT46517de48fUyKVbX8bc/MLi0vLpZXy6tr6xqa5td2SPBEINxGnXHR8KDElDDcVURR3YoFh5FPc9oeXud++x0ISzm7VKMZuBPuMhARBpSXP3O35nAZyFOkvfcju0pvMS9nRico8s2JX7TGsWeIUpAIKNDzzqxdwlESYKUShlF3HjpWbQqEIojgr9xKJY4iGsI+7mjIYYemm4xMy60ArgRVyoR9T1lj93ZHCSOZb6soIqoGc9nLxP6+bqPDcTQmLE4UZmgwKE2opbuV5WAERGCk60gQiQfSuFhpAAZHSqZV1CM70ybOkdVx1atXT61qlflHEUQJ7YB8cAgecgTq4Ag3QBAg8gmfwCt6MJ+PFeDc+JqVzRtGzA/7A+PwBMpOX8g==</latexit>

· · ·

<latexit sha1_base64="lTWuJznysdWqyGP+caqu3RmX/YU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALDvjzc=</latexit>

x
S

t

<latexit sha1_base64="k8cpN0RKBl3c5uQl4pQpExraLT4=">AAAB/3icbVA7T8MwGHR4lvIKILGwWFRITFWCimCsYGEsgj6kNkSO47RWHTuyHUQVMvBXWBhAiJW/wca/wWk7QMtJlk933yefL0gYVdpxvq2FxaXlldXSWnl9Y3Nr297ZbSmRSkyaWDAhOwFShFFOmppqRjqJJCgOGGkHw8vCb98Tqajgt3qUEC9GfU4jipE2km/v9wLBQjWKzZU95HfZTe5nOvftilN1xoDzxJ2SCpii4dtfvVDgNCZcY4aU6rpOor0MSU0xI3m5lyqSIDxEfdI1lKOYKC8b58/hkVFCGAlpDtdwrP7eyFCsiohmMkZ6oGa9QvzP66Y6OvcyypNUE44nD0Upg1rAogwYUkmwZiNDEJbUZIV4gCTC2lRWNiW4s1+eJ62Tqlurnl7XKvWLaR0lcAAOwTFwwRmogyvQAE2AwSN4Bq/gzXqyXqx362MyumBNd/bAH1ifP255lwY=</latexit>

KL

x
T

t

<latexit sha1_base64="ax0I3im41xdqRJlpWFz2jezjpGI=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWoCMYKFsYi9SW1IXIcp7Xq2JHtoFZR/woLAwix8kfY+Dc4bQZoOcny6e775PMFCaNKO863VdrY3NreKe9W9vYPDo/s42pXiVRi0sGCCdkPkCKMctLRVDPSTyRBccBIL5jc5X7viUhFBW/rWUK8GI04jShG2ki+XR0GgoVqFpsrm84f27727ZpTdxaA68QtSA0UaPn21zAUOI0J15ghpQauk2gvQ1JTzMi8MkwVSRCeoBEZGMpRTJSXLbLP4blRQhgJaQ7XcKH+3shQrPJ4ZjJGeqxWvVz8zxukOrrxMsqTVBOOlw9FKYNawLwIGFJJsGYzQxCW1GSFeIwkwtrUVTEluKtfXifdy7rbqF89NGrN26KOMjgFZ+ACuOAaNME9aIEOwGAKnsEreLPm1ov1bn0sR0tWsXMC/sD6/AHJ6JTv</latexit>

weighted 

sum
weighted 

sum

weighted 

sum
weighted 

sum

Proposed knowledge transfer via re-parameterizing diffusion reverse

progress.

Structural Re-parameterization

Problem: How to generate multiple features without extra inference

cost.

Solution: Utilize structral-reparameterization techinicals.

Structural re-parameterization leverages the linear properties of a set of

linear modules f0, f1, · · · , fn which can produce diverse outputs with a

common input. The combination of these modules can be expressed as

follows:

α1f0(x) + · · · + αnfn(x) = (α1f0 + · · · + αnfn)(x). (4)

Contructing the Diffusion Forward Process

We follow the classicial setting [1]. We can obtain the probability distribu-

tions of each intermediate features xT
t by:

q(xT
t |xT

0 ) := N (xT
t ; α̂tx

T
0 , β̂2

t σ2
S). (5)

Formulating the Diffusion Reverse Process

Assuming that the duration for each reverse step is t (t ≈ n
m), the objective

in timestep {n − t} is to recover xT
n−t using xT

n . We introduce q(xT
0 ) to

achieve the density function:

q(xT
n−t|xT

n , xT
0 ) =

q(xT
n |xT

n−t)q(xT
n−t|xT

0 )
q(xT

n |xT
0 )

. (6)

The density function can be given as:

q(xT
n−t|xT

n , xT
0 ) := N (xT

n−t; u(xT
n ) + v(xT

0 ), w(σ2
S)),

where u(xT
n ) =

ˆβ2
n−t ˆαn2t

β̂2
n

xT
n , v(xT

0 ) =
ˆβ2
n2t ˆαn−t

β̂2
n

xT
0

w(σ2
S) =

ˆβ2
n2t

ˆβ2
n−t

β̂2
n

σ2
S, ˆαn2t = α̂n

ˆαn−t
, ˆβ2

n2t = 1 − ˆα2
n2t.

(7)

Other Training Strategies

Target Guided Diffusion Training

Inspired by class guided diffusion, we can introduce y into our formula-

tion:
log p(xT

0 |xS
n , · · · , xS

1 , y) = log p(xT
0 |xS

n , · · · , xS
1 )

+(log p(y|xT
0 ) − log p(y|xS

n , · · · , xS
1 )),

(8)

Assume the weights of next teacher layer is wt, for xT
0 and predicted

x̂T
0 , we simply use L2 loss, that is:

Lguided =
∥∥∥xT

0 wt − ˆxT
0 wt

∥∥∥2
. (9)

Shuffle Sampling Strategy

One issue is that if we strictly follow diffusion weights rule, the last step

of student features will dominate large weights such that other features

are not fully stimulated to learn target features. We resolve this problem

by introducing the shuffle sampling strategy:

p( 1
m

(xS
n + · · · + xS

1 )) = N (0,
1
m

σ2
S). (10)

Experiments

Due to the limited poster space, we only showcase the main results. For

experiment setup and detailed results, please refer to our paper.

CIFAR100 and ImageNet100 Results

Distillation

Manner

Teacher ResNet32x4 WRN40-2 VGG13 ResNet50 ResNet32x4

Acc 79.42 75.61 74.64 79.34 79.42

Student ShuffleNetV1 ShuffleNetV1 MobileNetV2 MobileNetV2 ShuffleNetV2

Acc 70.50 70.50 64.6 64.6 71.82

Logits KD 74.07 74.83 67.37 67.35 74.45

Logits DKD 76.45 76.70 69.71 70.35 77.07

Single Layer FitNet 73.59 73.73 64.14 63.16 73.54

Single Layer PKT 74.10 73.89 67.13 66.52 74.69

Single Layer RKD 72.28 72.21 64.52 64.43 73.21

Single Layer CRD 75.11 76.05 69.73 69.11 75.65

Multiple Layers AT 71.73 73.32 59.40 58.58 72.73

Multiple Layers VID 73.38 73.61 65.56 67.57 73.40

Multiple Layers OFD 75.98 75.85 69.48 69.04 76.82

Multiple Layers Review 77.45 77.14 70.37 69.89 77.78

Single Layer Avgerage 75.01 75.32 66.45 67.56 75.46

Single Layer Kdiffusion 76.62 75.83 69.14 69.20 76.87

Multiple Layer Kdiffusion 77.90 76.83 69.91 69.95 77.34

+ Target Guide Kdiffusion 78.14 77.26 70.49 71.14 77.84

Table 1. Results on CIFAR-100 with the teacher and student having different

architectures.

Distillation

Manner

Teacher Swin Swin Swin Swin Swin

Acc 94.48 94.48 94.48 94.48 94.48

Student MobileNetV2 MobileNetV3 ResNet18 ShuffleNetV1 ShuffleNetV2

Acc 84.04 84.98 84.42 74.74 76.86

Logits KD 85.00 86.76 85.12 77.30 79.18

Logits DKD 85.38 86.86 85.50 77.28 80.02

Single Layer FitNet 84.86 86.44 85.46 76.58 78.58

Single Layer PKT 84.32 86.84 85.36 76.72 78.86

Single Layer SP 85.02 85.90 85.20 76.96 78.86

Single Layer RKD 78.68 85.06 84.82 76.90 77.48

Single Layer CRD 83.72 84.94 84.26 73.20 77.88

Multiple Layers AT 84.70 85.86 85.23 77.26 76.74

Multiple Layers VID 85.42 86.46 85.12 77.56 79.46

Multiple Layers Review 84.94 86.94 85.22 76.88 79.92

Single Layer Kdiffusion 85.88 87.48 86.18 77.90 80.54

Multiple Layer Kdiffusion 86.20 87.88 86.30 78.04 80.68

Table 2. Results on ImageNet-100 with the teacher and student having different

architectures.

Ablation Studies

Student Stage Acc

1 2 3 4

F
e
a
tu
re

N
u
m 64.60

X 64.22

X X 63.32

X X X 62.31

X X X X 61.96

Conclusions

Large distribution gap distillation problem was studied.

A novel diffusion-based distillation approach was introduced.

Extensive experimental results demonstrate the effectiveness of the

appproach.
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