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What is diffusion model distillation

Pre-trained 
Diffusion

Pre-trained 
Diffusion

Pre-trained 
Diffusion

Pre-trained 
Diffusion

… …

Requires 20~50 steps of denoising to generate a single image.            

T=1000
Gaussian noise T=950 T=900 T=100 T=50 T=0T=t

… …
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Student 
Model

Pre-trained 
Diffusion

T=950 T=900 T=100 T=50 T=0T=t

… …

Diffusion Distillation

What is diffusion model distillation
T=1000

Gaussian noise

(Few-step image generation     )
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How can we distill a diffusion model?
Direct regression approach: Luhman et al., 2021.

… …

,

,

,
Pre-computed 

paired noise-image dataset

Noises Deterministic denoising
(ODE solutions)
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Following work:
• Consistency Distillation (ICML 2023)
• Consistency Trajectory Model (ICLR 2024)
• InstaFlow (ICLR 2024)
• UFOGen (CVPR 2024)
• DMD (CVPR 2024)

Student Model ?
Sampling

ℒMSE



Is direct regression no longer not 
necessary?



Student SD
Decoder

<latexit sha1_base64="QqSk6+CS8mDvq1thYIIR5+ZhWuk=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3fWq4FIo3UKDk7VhzGvqSt/zxbea3nrg2IlIPOIl5L6RDJQLBKFrpsRtSHPlByqb9csWtujOQZeLlpAI56v3yV3cQsSTkCpmkxnQ8N8ZeSjUKJvm01E0Mjykb0yHvWKpoyE0vnSWekhOrDEgQafsUkpn6eyOloTGT0LeTWUKz6GXif14nweC6lwoVJ8gVm38UJJJgRLLzyUBozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3Wb24P6/UbvI6inAEx3AKHlxBDe6gDg1goOAZXuHNMc6L8+58zEcLTr5zCH/gfP4A4JCREQ==</latexit>c

<latexit sha1_base64="/PDT2vWe6o6iXUiQXS5t2Ep0wuw=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJCHXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDA5KRKA==</latexit>z

<latexit sha1_base64="i611ljtRSUtPwh6Uac12R1JS11Y=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICURX8uiC11WsA9oQ5lMpu3QSSbM3Ag19EvcuFDErZ/izr9xmmahrQcu93DOvcyd48eCa3Ccb2tpeWV1bb2wUdzc2t4p2bt7TS0TRVmDSiFV2yeaCR6xBnAQrB0rRkJfsJY/upn6rUemNJfRA4xj5oVkEPE+pwSM1LNLt5UuDSSc4Kwd9+yyU3Uy4EXi5qSMctR79lc3kDQJWQRUEK07rhODlxIFnAo2KXYTzWJCR2TAOoZGJGTaS7PDJ/jIKAHuS2UqApypvzdSEmo9Dn0zGRIY6nlvKv7ndRLoX3kpj+IEWERnD/UTgUHiaQo44IpREGNDCFXc3IrpkChCwWRVNCG4819eJM3TqntRPb8/K9eu8zgK6AAdogpy0SWqoTtURw1EUYKe0St6s56sF+vd+piNLln5zj76A+vzB06Gkjs=</latexit>

G(·, ·)

<latexit sha1_base64="lv9EkgYsisnb+2r4S893MAdiR+M=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiXhbFl3osoK9QBvKZDpph04uzEyEGoIbX8WNC0Xc+hTufBsnbQVt/WHg4z/nMOf8bsSZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4DKrN+6okCwMbtUwoo6PewHzGMFKWx1z56rU9rHqu15ynx6iHybpQccsWmVrJDQL9gSKMFG1Y362uyGJfRoowrGULduKlJNgoRjhNC20Y0kjTAa4R1saA+xT6SSjE1K0r50u8kKhX6DQyP09kWBfyqHv6s5sRTldy8z/aq1YeedOwoIoVjQg44+8mCMVoiwP1GWCEsWHGjARTO+KSB8LTJROraBDsKdPnoX6Udk+LZ/cHBcrF5M48rALe1ACG86gAtdQhRoQeIAneIFX49F4Nt6M93FrzpjMbMMfGR/fqzqW/A==</latexit>

G(z, c)

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x

Re-discovery of direct regression training

,

,

,
Pre-computed 

paired noise-latent-prompt dataset

<latexit sha1_base64="/PDT2vWe6o6iXUiQXS5t2Ep0wuw=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJCHXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDA5KRKA==</latexit>z

Sampling

SD
Decoder

?

…

,

,

,

ℒRegression

Noises
 ( )

…

Latents
 (   )<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x

Prompts
 (   )<latexit sha1_base64="QqSk6+CS8mDvq1thYIIR5+ZhWuk=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3fWq4FIo3UKDk7VhzGvqSt/zxbea3nrg2IlIPOIl5L6RDJQLBKFrpsRtSHPlByqb9csWtujOQZeLlpAI56v3yV3cQsSTkCpmkxnQ8N8ZeSjUKJvm01E0Mjykb0yHvWKpoyE0vnSWekhOrDEgQafsUkpn6eyOloTGT0LeTWUKz6GXif14nweC6lwoVJ8gVm38UJJJgRLLzyUBozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3Wb24P6/UbvI6inAEx3AKHlxBDe6gDg1goOAZXuHNMc6L8+58zEcLTr5zCH/gfP4A4JCREQ==</latexit>c



7

Perceptual loss is what we need

Direct regression using LPIPS = Good          

Target LPIPS Outputs

Loss function img/sec FID CLIP-score

MSE 138.4 110.55 0.222

LPIPS 40.0 25.94 0.288

[1] LPIPS: The Unreasonable Effectiveness of Deep Features as a Perceptual Metric, Zhang et al., CVPR, 2018.

Pixel-space LPIPS is expansive. 

Decoding can introduce errors in LPIPS.
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E-LatentLPIPS for efficient LPIPS

SD
Decoder

SD
Decoder

𝐹 𝑑

Decoding to LPIPS

Decode (78.7ms) LPIPS (38.3ms)

117ms
15.0 GB Augment 

(3.7ms)

<latexit sha1_base64="arL5gEiGb0sVKUEA+2xebH3nLUk=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYVUlipBvMYKFsYi9SU1UeU4bmvVsSPbQVRRfoWFAYRY+RE2/ganzQAtR7J0dM69uscniBlV2nG+rdLa+sbmVnm7srO7t39gH1a7SiQSkw4WTMh+gBRhlJOOppqRfiwJigJGesH0Lvd7j0QqKnhbz2LiR2jM6YhipI00tKtehPQEI5a2s7qHQ6HPhnbNaThzwFXiFqQGCrSG9pcXCpxEhGvMkFID14m1nyKpKWYkq3iJIjHCUzQmA0M5iojy03n2DJ4aJYQjIc3jGs7V3xspipSaRYGZzJOqZS8X//MGiR7d+CnlcaIJx4tDo4RBLWBeBAypJFizmSEIS2qyQjxBEmFt6qqYEtzlL6+S7nnDvWpcPlzUmrdFHWVwDE5AHbjgGjTBPWiBDsDgCTyDV/BmZdaL9W59LEZLVrFzBP7A+vwBveyUQg==</latexit>

T (·)

E-LatentLPIPS

𝐹 𝑑

9.7× speedup achieved with E-LatentLPIPS!   

12.1ms
0.6 GB LatentLPIPS 

(8.4ms)
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View the distillation as image-to-image translation

Student

<latexit sha1_base64="QqSk6+CS8mDvq1thYIIR5+ZhWuk=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3fWq4FIo3UKDk7VhzGvqSt/zxbea3nrg2IlIPOIl5L6RDJQLBKFrpsRtSHPlByqb9csWtujOQZeLlpAI56v3yV3cQsSTkCpmkxnQ8N8ZeSjUKJvm01E0Mjykb0yHvWKpoyE0vnSWekhOrDEgQafsUkpn6eyOloTGT0LeTWUKz6GXif14nweC6lwoVJ8gVm38UJJJgRLLzyUBozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3Wb24P6/UbvI6inAEx3AKHlxBDe6gDg1goOAZXuHNMc6L8+58zEcLTr5zCH/gfP4A4JCREQ==</latexit>c

<latexit sha1_base64="/PDT2vWe6o6iXUiQXS5t2Ep0wuw=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJCHXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDA5KRKA==</latexit>z

<latexit sha1_base64="i611ljtRSUtPwh6Uac12R1JS11Y=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICURX8uiC11WsA9oQ5lMpu3QSSbM3Ag19EvcuFDErZ/izr9xmmahrQcu93DOvcyd48eCa3Ccb2tpeWV1bb2wUdzc2t4p2bt7TS0TRVmDSiFV2yeaCR6xBnAQrB0rRkJfsJY/upn6rUemNJfRA4xj5oVkEPE+pwSM1LNLt5UuDSSc4Kwd9+yyU3Uy4EXi5qSMctR79lc3kDQJWQRUEK07rhODlxIFnAo2KXYTzWJCR2TAOoZGJGTaS7PDJ/jIKAHuS2UqApypvzdSEmo9Dn0zGRIY6nlvKv7ndRLoX3kpj+IEWERnD/UTgUHiaQo44IpREGNDCFXc3IrpkChCwWRVNCG4819eJM3TqntRPb8/K9eu8zgK6AAdogpy0SWqoTtURw1EUYKe0St6s56sF+vd+piNLln5zj76A+vzB06Gkjs=</latexit>

G(·, ·)

<latexit sha1_base64="lv9EkgYsisnb+2r4S893MAdiR+M=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiXhbFl3osoK9QBvKZDpph04uzEyEGoIbX8WNC0Xc+hTufBsnbQVt/WHg4z/nMOf8bsSZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4DKrN+6okCwMbtUwoo6PewHzGMFKWx1z56rU9rHqu15ynx6iHybpQccsWmVrJDQL9gSKMFG1Y362uyGJfRoowrGULduKlJNgoRjhNC20Y0kjTAa4R1saA+xT6SSjE1K0r50u8kKhX6DQyP09kWBfyqHv6s5sRTldy8z/aq1YeedOwoIoVjQg44+8mCMVoiwP1GWCEsWHGjARTO+KSB8LTJROraBDsKdPnoX6Udk+LZ/cHBcrF5M48rALe1ACG86gAtdQhRoQeIAneIFX49F4Nt6M93FrzpjMbMMfGR/fqzqW/A==</latexit>

G(z, c)

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x

SD
Decoder

In practice, paired image translation yields better results when 
combined with conditional GAN losses.
(sources = noise & prompt, target = ODE solution)
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Pre-trained diffusion as a strong discriminator

Multi-scale Input/output discriminator following GigaGAN.

[2] Scaling up GANs for Text-to-Image Synthesis, Kang et al., CVPR, 2023.

……

Real/Fake
<latexit sha1_base64="d72e3Wgp//GZv3YjNSquyHEsym8=">AAACBnicbVDJSgNBEO1xN25RjyI0BiGChBlxO4pePKqYBTJD6OnUJI09C901Yhzm5MVf8eJBEa9+gzf/xs5y0OiDgsd7VVTV8xMpNNr2lzUxOTU9Mzs3X1hYXFpeKa6u1XScKg5VHstYNXymQYoIqihQQiNRwEJfQt2/Oev79VtQWsTRNfYS8ELWiUQgOEMjtYqbLsIdZlegxT3kZTdk2PWD7C7fpc7hTqtYsiv2APQvcUakREa4aBU/3XbM0xAi5JJp3XTsBL2MKRRcQl5wUw0J4zesA01DIxaC9rLBGzndNkqbBrEyFSEdqD8nMhZq3Qt909k/U497ffE/r5licOxlIkpShIgPFwWppBjTfia0LRRwlD1DGFfC3Ep5lynG0SRXMCE44y//JbW9inNYObjcL52cjuKYIxtki5SJQ47ICTknF6RKOHkgT+SFvFqP1rP1Zr0PWyes0cw6+QXr4xu9pJik</latexit>

Resize(x, 16)

<latexit sha1_base64="O+BjcaDUeDUTVSoo59bfdtSNRW0=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIIGEmrsegF49RjAaSEHo6NUmTnoXuGkkccvLir3jxoIhXv8Gbf2NnOWj0QcHjvSqq6rmRFBpt+8tKzczOzS+kFzNLyyura9n1jRsdxopDhYcyVFWXaZAigAoKlFCNFDDflXDrds+H/u0dKC3C4Br7ETR81g6EJzhDIzWz23WEHiZXoMU9DPJ1n2HH9ZLeYJ8eFPea2ZxdsEegf4kzITkyQbmZ/ay3Qh77ECCXTOuaY0fYSJhCwSUMMvVYQ8R4l7WhZmjAfNCNZPTGgO4apUW9UJkKkI7UnxMJ87Xu+67pHJ6pp72h+J9Xi9E7bSQiiGKEgI8XebGkGNJhJrQlFHCUfUMYV8LcSnmHKcbRJJcxITjTL/8lN8WCc1w4ujzMlc4mcaTJFtkheeKQE1IiF6RMKoSTB/JEXsir9Wg9W2/W+7g1ZU1mNskvWB/fupyYog==</latexit>

Resize(x, 32)

<latexit sha1_base64="uOy61dY/JZlEkVQckYyYAzOmt3Y=">AAACFnicbVA9T8MwEHXKVylfAUYWiwqJhSpBpTBWsDAWRD+kJlSO67RWHSeyHUQV5Vew8FdYGECIFbHxb3DaCEHLkyy/e3enu3texKhUlvVlFBYWl5ZXiqultfWNzS1ze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90keXbd0RIGvIbNY6IG6ABpz7FSGmpZx45AVJDz0/uU+hQDqehl1ynt0nVUTQgsvbzpz2zbFWsCeA8sXNSBjkaPfPT6Yc4DghXmCEpu7YVKTdBQlHMSFpyYkkihEdoQLqacqTnuMnkrBQeaKUP/VDoxxWcqL87EhRIOQ48XZltLWdzmfhfrhsr/8xNKI9iRTieDvJjBlUIM49gnwqCFRtrgrCgeleIh0ggrLSTJW2CPXvyPGkdV+xa5eSqWq6f53YUwR7YB4fABqegDi5BAzQBBg/gCbyAV+PReDbejPdpacHIe3bBHxgf34G+n5Y=</latexit>

x 2 R4⇥64⇥64

<latexit sha1_base64="TJ7mNe/LJqiNhRtUVb9DgB8A2uE=">AAACFnicbVA9T8MwEHXKVylfAUYWiwqJhSpBpTBWsDAWRD+kJlSO67RWHSeyHaQS5Vew8FdYGECIFbHxb3DaCEHLkyy/e3enu3texKhUlvVlFBYWl5ZXiqultfWNzS1ze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90keXbd0RIGvIbNY6IG6ABpz7FSGmpZx45AVJDz0/uU+hQDqehl1ynt0nVUTQgsvbzpz2zbFWsCeA8sXNSBjkaPfPT6Yc4DghXmCEpu7YVKTdBQlHMSFpyYkkihEdoQLqacqTnuMnkrBQeaKUP/VDoxxWcqL87EhRIOQ48XZltLWdzmfhfrhsr/8xNKI9iRTieDvJjBlUIM49gnwqCFRtrgrCgeleIh0ggrLSTJW2CPXvyPGkdV+xa5eSqWq6f53YUwR7YB4fABqegDi5BAzQBBg/gCbyAV+PReDbejPdpacHIe3bBHxgf34UOn5g=</latexit>

z 2 R4⇥64⇥64

R/F

R/F

R/F

R/F

R/F

R/F

R/F

R/F

R/F

U-Net



Visual comparison with previous models



Visual comparison with latest work

SDXL-Turbo (arXiv Nov., 2023) Diffusion2GAN
“A woman with bright blue eyes and curly blonde hair smiles warmly in a softly lit café.”



SDXL-Lightening (arXiv Feb., 2024) Diffusion2GAN

Visual comparison with latest work

“A woman with bright blue eyes and curly blonde hair smiles warmly in a softly lit café.”



Visual comparison with latest work

SDXL-Turbo (arXiv Nov., 2023) Diffusion2GAN
“A bald eagle made of chocolate powder, mango, and whipped cream”



SDXL-Lightening (arXiv Feb., 2024) Diffusion2GAN

Visual comparison with latest work

“A bald eagle made of chocolate powder, mango, and whipped cream”
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Thank you!
Please visit our webpage for more details.


