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DITTO
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“upbeat, happy country”

Text-to-Music (TTM) Generation



DITTO: Outpainting
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DITTO: Inpainting
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DITTO: Intensity Control
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DITTO: Melody Control
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DITTO: Structure Control
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DITTO: Looping
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Diffusion TTM

Music “Image” 
(Spectrogram, VAE latent)

“shiba inu photo”

<latexit sha1_base64="AZbeK1tLrRNXpfISi8AV1qZObaQ=">AAACF3icbVDLSsNAFJ3UV62vqEsXDhahgpREfC2LblxJhb6gCWEynbRDZ5IwMxFLyNKP8Bvc6tqduHXp0j9x0nZhqwcuHM65l3vv8WNGpbKsL6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w+vcb98TIWkUNtQoJi5H/ZAGFCOlJc/cd3yePmReAzqScuhwpAYYsfQ2q1jH0D7yzLJVtcaAf4k9JWUwRd0zv51ehBNOQoUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkq2mIOJFuOn4kg4da6cEgErpCBcfq74kUcSlH3Ned+aFy3svF/7xuooJLN6VhnCgS4smiIGFQRTBPBfaoIFixkSYIC6pvhXiABMJKZzezxeeZzsSeT+AvaZ1U7fPq2d1puXY1TacI9sABqAAbXIAauAF10AQYPIJn8AJejSfjzXg3PiatBWM6swtmYHz+ACSGny4=</latexit>

xT ⇠ N (0, 1) Decoder
<latexit sha1_base64="azudH+Rj8VAszDf4//520Yl1Qb4=">AAAB/3icbVDJSgNBEO1xjXEb49FLYxA8SJgRt2PQi8cIZoHMEHo6laRJ98zQXSOGkIM/4jWexKs/Ivg3dpaDJj4oeP1eFV31olQKg5737aysrq1vbOa28ts7u3v77kGhZpJMc6jyRCa6ETEDUsRQRYESGqkGpiIJ9ah/N/HrT6CNSOJHHKQQKtaNRUdwhlZquYUgUgGkRkj7CrAHyFpu0St5U9Bl4s9JkcxRablfQTvhmYIYuWTGNH0vxXDINAouYZQPMgMp433WhaalMVNgwuF09xE9sUqbdhJtK0Y6VX9PDJkyZqCiMxop260Y9syiPxH/85oZdm7CoYjTDCHms886maSY0EkYtC00cJQDSxjXwu5LeY9pxtFGlrdB+ItnL5Paecm/Kl0+XBTLt/NIcuSIHJNT4pNrUib3pEKqhJNn8krG5M15ccbOu/Mxa11x5jOH5A+czx/qlJXu</latexit>✏✓

Image Diffusion Music Diffusion

“relaxing country”

<latexit sha1_base64="AZbeK1tLrRNXpfISi8AV1qZObaQ=">AAACF3icbVDLSsNAFJ3UV62vqEsXDhahgpREfC2LblxJhb6gCWEynbRDZ5IwMxFLyNKP8Bvc6tqduHXp0j9x0nZhqwcuHM65l3vv8WNGpbKsL6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w+vcb98TIWkUNtQoJi5H/ZAGFCOlJc/cd3yePmReAzqScuhwpAYYsfQ2q1jH0D7yzLJVtcaAf4k9JWUwRd0zv51ehBNOQoUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkq2mIOJFuOn4kg4da6cEgErpCBcfq74kUcSlH3Ned+aFy3svF/7xuooJLN6VhnCgS4smiIGFQRTBPBfaoIFixkSYIC6pvhXiABMJKZzezxeeZzsSeT+AvaZ1U7fPq2d1puXY1TacI9sABqAAbXIAauAF10AQYPIJn8AJejSfjzXg3PiatBWM6swtmYHz+ACSGny4=</latexit>

xT ⇠ N (0, 1)
<latexit sha1_base64="azudH+Rj8VAszDf4//520Yl1Qb4=">AAAB/3icbVDJSgNBEO1xjXEb49FLYxA8SJgRt2PQi8cIZoHMEHo6laRJ98zQXSOGkIM/4jWexKs/Ivg3dpaDJj4oeP1eFV31olQKg5737aysrq1vbOa28ts7u3v77kGhZpJMc6jyRCa6ETEDUsRQRYESGqkGpiIJ9ah/N/HrT6CNSOJHHKQQKtaNRUdwhlZquYUgUgGkRkj7CrAHyFpu0St5U9Bl4s9JkcxRablfQTvhmYIYuWTGNH0vxXDINAouYZQPMgMp433WhaalMVNgwuF09xE9sUqbdhJtK0Y6VX9PDJkyZqCiMxop260Y9syiPxH/85oZdm7CoYjTDCHms886maSY0EkYtC00cJQDSxjXwu5LeY9pxtFGlrdB+ItnL5Paecm/Kl0+XBTLt/NIcuSIHJNT4pNrUib3pEKqhJNn8krG5M15ccbOu/Mxa11x5jOH5A+czx/qlJXu</latexit>✏✓
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Beyond Text-Based Interactions

“writing about music is like dancing about architecture”

verse verse chorus

Feature Control

intensity
melody

Musical structure

Editing

😡

🤩

inpainting

outpainting

Local, Time-Varying Interactions
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DITTO: Diffusion Inference-Time T-Optimization

Music 
Spectrogram“relaxing country”

1

2 3

4

5

Diffusion Model

<latexit sha1_base64="AZbeK1tLrRNXpfISi8AV1qZObaQ=">AAACF3icbVDLSsNAFJ3UV62vqEsXDhahgpREfC2LblxJhb6gCWEynbRDZ5IwMxFLyNKP8Bvc6tqduHXp0j9x0nZhqwcuHM65l3vv8WNGpbKsL6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w+vcb98TIWkUNtQoJi5H/ZAGFCOlJc/cd3yePmReAzqScuhwpAYYsfQ2q1jH0D7yzLJVtcaAf4k9JWUwRd0zv51ehBNOQoUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkq2mIOJFuOn4kg4da6cEgErpCBcfq74kUcSlH3Ned+aFy3svF/7xuooJLN6VhnCgS4smiIGFQRTBPBfaoIFixkSYIC6pvhXiABMJKZzezxeeZzsSeT+AvaZ1U7fPq2d1puXY1TacI9sABqAAbXIAauAF10AQYPIJn8AJejSfjzXg3PiatBWM6swtmYHz+ACSGny4=</latexit>

xT ⇠ N (0, 1)

<latexit sha1_base64="0reAnD1LjL7wrd1p1zfwJGJ/oL4=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GITdgVX2XQxjKCiYFkCbOT2WTIzOw6MyuGZUu/wVZrO7H1Qyz9EyePwiQeuHA4517O5QQxZ9q47reTW1peWV3Lrxc2Nre2d4q7ew0dJYrQOol4pJoB1pQzSeuGGU6bsaJYBJzeB4PrkX//SJVmkbwzw5j6AvckCxnBxkp+WG4HIn3KOqmbHXeKJbfijoEWiTclJZii1in+tLsRSQSVhnCsdctzY+OnWBlGOM0K7UTTGJMB7tGWpRILqv10/HSGjqzSRWGk7EiDxurfixQLrYcisJsCm76e90bif14rMeGlnzIZJ4ZKMgkKE45MhEYNoC5TlBg+tAQTxeyviPSxwsTYnmZSApHZTrz5BhZJ46TinVfObk9L1atpO3k4gEMogwcXUIUbqEEdCDzAC7zCm/PsvDsfzudkNedMb/ZhBs7XL00FmHU=</latexit>

f(x0)
<latexit sha1_base64="TEW2/iHKR4FMDxTclWvyAJ8KINU=">AAACGnicbVC7TsMwFHV4lvIqMLJYrZBaCVUJ4jVWsDAwFIk+pDaKHNdprdpOZDuIKsrOR/ANrDCzIVYWRv4Ep+1AW45k6dxz7tW9Pn7EqNK2/W0tLa+srq3nNvKbW9s7u4W9/aYKY4lJA4cslG0fKcKoIA1NNSPtSBLEfUZa/vA681sPRCoains9iojLUV/QgGKkjeQVil2O9AAjltym5aDc9XnymHqJnVaOYVaM0opXKNlVewy4SJwpKYEp6l7hp9sLccyJ0JghpTqOHWk3QVJTzEia78aKRAgPUZ90DBWIE+Um47+k8MgoPRiE0jyh4Vj9O5EgrtSI+6Yzu1zNe5n4n9eJdXDpJlREsSYCTxYFMYM6hFkwsEclwZqNDEFYUnMrxAMkEdYmvpktPk9NJs58AoukeVJ1zqtnd6el2tU0nRw4BEVQBg64ADVwA+qgATB4Ai/gFbxZz9a79WF9TlqXrOnMAZiB9fULqxOhKw==</latexit>

L(f(x0),y)

<latexit sha1_base64="yUeH/F4K66vrdx/RG5WpBhofh5k=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnk2TMzOwyMyssS/wGr3r2Jl79F4/+ibPJHkxiQUNR1U13VxBxpo3rfjuFldW19Y3iZmlre2d3r7x/0NRhrAhtkJCHqh1gTTmTtGGY4bQdKYpFwGkrGN9mfuuJKs1C+WCSiPoCDyUbMIKNlZrdQKTJpFeuuFV3CrRMvJxUIEe9V/7p9kMSCyoN4VjrjudGxk+xMoxwOil1Y00jTMZ4SDuWSiyo9tPptRN0YpU+GoTKljRoqv6dSLHQOhGB7RTYjPSil4n/eZ3YDK79lMkoNlSS2aJBzJEJUfY66jNFieGJJZgoZm9FZIQVJsYGNLclEFkm3mICy6R5VvUuqxf355XaTZ5OEY7gGE7BgyuowR3UoQEEHuEFXuHNeXbenQ/nc9ZacPKZQ5iD8/ULrE6V8g==</latexit>y

Feature Matching Loss

<latexit sha1_base64="rT+OcA9gtnTcrN1BIhUuUGoVxZg=">AAACAXicdVDLSgMxFM3UV62vqks3wSKIizLTllF3RTcuK/SFbS2ZNG1Dk8yQZMQyzMpfcKt7d+LWL3Hrl5hpR7CiBy4czrmXe+/xAkaVtu0PK7O0vLK6ll3PbWxube/kd/eayg8lJg3sM1+2PaQIo4I0NNWMtANJEPcYaXmTy8Rv3RGpqC/qehqQHkcjQYcUI22km67Ho/u4X7896ecLdtE9d8puGdpFe4aEOG7JdqGTKgWQotbPf3YHPg45ERozpFTHsQPdi5DUFDMS57qhIgHCEzQiHUMF4kT1otnFMTwyygAOfWlKaDhTf05EiCs15Z7p5EiP1W8vEf/yOqEenvUiKoJQE4Hni4Yhg9qHyftwQCXBmk0NQVhScyvEYyQR1iakhS0ej3MmlO/P4f+kWSo6brFyXSlUL9J4suAAHIJj4IBTUAVXoAYaAAMBHsETeLYerBfr1Xqbt2asdGYfLMB6/wIJF5eO</latexit>

x⇤
T

<latexit sha1_base64="azudH+Rj8VAszDf4//520Yl1Qb4=">AAAB/3icbVDJSgNBEO1xjXEb49FLYxA8SJgRt2PQi8cIZoHMEHo6laRJ98zQXSOGkIM/4jWexKs/Ivg3dpaDJj4oeP1eFV31olQKg5737aysrq1vbOa28ts7u3v77kGhZpJMc6jyRCa6ETEDUsRQRYESGqkGpiIJ9ah/N/HrT6CNSOJHHKQQKtaNRUdwhlZquYUgUgGkRkj7CrAHyFpu0St5U9Bl4s9JkcxRablfQTvhmYIYuWTGNH0vxXDINAouYZQPMgMp433WhaalMVNgwuF09xE9sUqbdhJtK0Y6VX9PDJkyZqCiMxop260Y9syiPxH/85oZdm7CoYjTDCHms886maSY0EkYtC00cJQDSxjXwu5LeY9pxtFGlrdB+ItnL5Paecm/Kl0+XBTLt/NIcuSIHJNT4pNrUib3pEKqhJNn8krG5M15ccbOu/Mxa11x5jOH5A+czx/qlJXu</latexit>✏✓
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Feature 
Extractor

Target Feature

Only used as a seed!



DITTO: Diffusion Inference-Time T-Optimization

Music 
Spectrogram“relaxing country”

1

2 3

4

5

Diffusion Model

<latexit sha1_base64="AZbeK1tLrRNXpfISi8AV1qZObaQ=">AAACF3icbVDLSsNAFJ3UV62vqEsXDhahgpREfC2LblxJhb6gCWEynbRDZ5IwMxFLyNKP8Bvc6tqduHXp0j9x0nZhqwcuHM65l3vv8WNGpbKsL6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w+vcb98TIWkUNtQoJi5H/ZAGFCOlJc/cd3yePmReAzqScuhwpAYYsfQ2q1jH0D7yzLJVtcaAf4k9JWUwRd0zv51ehBNOQoUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkq2mIOJFuOn4kg4da6cEgErpCBcfq74kUcSlH3Ned+aFy3svF/7xuooJLN6VhnCgS4smiIGFQRTBPBfaoIFixkSYIC6pvhXiABMJKZzezxeeZzsSeT+AvaZ1U7fPq2d1puXY1TacI9sABqAAbXIAauAF10AQYPIJn8AJejSfjzXg3PiatBWM6swtmYHz+ACSGny4=</latexit>

xT ⇠ N (0, 1)

<latexit sha1_base64="0reAnD1LjL7wrd1p1zfwJGJ/oL4=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GITdgVX2XQxjKCiYFkCbOT2WTIzOw6MyuGZUu/wVZrO7H1Qyz9EyePwiQeuHA4517O5QQxZ9q47reTW1peWV3Lrxc2Nre2d4q7ew0dJYrQOol4pJoB1pQzSeuGGU6bsaJYBJzeB4PrkX//SJVmkbwzw5j6AvckCxnBxkp+WG4HIn3KOqmbHXeKJbfijoEWiTclJZii1in+tLsRSQSVhnCsdctzY+OnWBlGOM0K7UTTGJMB7tGWpRILqv10/HSGjqzSRWGk7EiDxurfixQLrYcisJsCm76e90bif14rMeGlnzIZJ4ZKMgkKE45MhEYNoC5TlBg+tAQTxeyviPSxwsTYnmZSApHZTrz5BhZJ46TinVfObk9L1atpO3k4gEMogwcXUIUbqEEdCDzAC7zCm/PsvDsfzudkNedMb/ZhBs7XL00FmHU=</latexit>

f(x0)
<latexit sha1_base64="TEW2/iHKR4FMDxTclWvyAJ8KINU=">AAACGnicbVC7TsMwFHV4lvIqMLJYrZBaCVUJ4jVWsDAwFIk+pDaKHNdprdpOZDuIKsrOR/ANrDCzIVYWRv4Ep+1AW45k6dxz7tW9Pn7EqNK2/W0tLa+srq3nNvKbW9s7u4W9/aYKY4lJA4cslG0fKcKoIA1NNSPtSBLEfUZa/vA681sPRCoains9iojLUV/QgGKkjeQVil2O9AAjltym5aDc9XnymHqJnVaOYVaM0opXKNlVewy4SJwpKYEp6l7hp9sLccyJ0JghpTqOHWk3QVJTzEia78aKRAgPUZ90DBWIE+Um47+k8MgoPRiE0jyh4Vj9O5EgrtSI+6Yzu1zNe5n4n9eJdXDpJlREsSYCTxYFMYM6hFkwsEclwZqNDEFYUnMrxAMkEdYmvpktPk9NJs58AoukeVJ1zqtnd6el2tU0nRw4BEVQBg64ADVwA+qgATB4Ai/gFbxZz9a79WF9TlqXrOnMAZiB9fULqxOhKw==</latexit>

L(f(x0),y)

<latexit sha1_base64="yUeH/F4K66vrdx/RG5WpBhofh5k=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnk2TMzOwyMyssS/wGr3r2Jl79F4/+ibPJHkxiQUNR1U13VxBxpo3rfjuFldW19Y3iZmlre2d3r7x/0NRhrAhtkJCHqh1gTTmTtGGY4bQdKYpFwGkrGN9mfuuJKs1C+WCSiPoCDyUbMIKNlZrdQKTJpFeuuFV3CrRMvJxUIEe9V/7p9kMSCyoN4VjrjudGxk+xMoxwOil1Y00jTMZ4SDuWSiyo9tPptRN0YpU+GoTKljRoqv6dSLHQOhGB7RTYjPSil4n/eZ3YDK79lMkoNlSS2aJBzJEJUfY66jNFieGJJZgoZm9FZIQVJsYGNLclEFkm3mICy6R5VvUuqxf355XaTZ5OEY7gGE7BgyuowR3UoQEEHuEFXuHNeXbenQ/nc9ZacPKZQ5iD8/ULrE6V8g==</latexit>y

Feature Matching Loss

<latexit sha1_base64="rT+OcA9gtnTcrN1BIhUuUGoVxZg=">AAACAXicdVDLSgMxFM3UV62vqks3wSKIizLTllF3RTcuK/SFbS2ZNG1Dk8yQZMQyzMpfcKt7d+LWL3Hrl5hpR7CiBy4czrmXe+/xAkaVtu0PK7O0vLK6ll3PbWxube/kd/eayg8lJg3sM1+2PaQIo4I0NNWMtANJEPcYaXmTy8Rv3RGpqC/qehqQHkcjQYcUI22km67Ho/u4X7896ecLdtE9d8puGdpFe4aEOG7JdqGTKgWQotbPf3YHPg45ERozpFTHsQPdi5DUFDMS57qhIgHCEzQiHUMF4kT1otnFMTwyygAOfWlKaDhTf05EiCs15Z7p5EiP1W8vEf/yOqEenvUiKoJQE4Hni4Yhg9qHyftwQCXBmk0NQVhScyvEYyQR1iakhS0ej3MmlO/P4f+kWSo6brFyXSlUL9J4suAAHIJj4IBTUAVXoAYaAAMBHsETeLYerBfr1Xqbt2asdGYfLMB6/wIJF5eO</latexit>

x⇤
T

<latexit sha1_base64="azudH+Rj8VAszDf4//520Yl1Qb4=">AAAB/3icbVDJSgNBEO1xjXEb49FLYxA8SJgRt2PQi8cIZoHMEHo6laRJ98zQXSOGkIM/4jWexKs/Ivg3dpaDJj4oeP1eFV31olQKg5737aysrq1vbOa28ts7u3v77kGhZpJMc6jyRCa6ETEDUsRQRYESGqkGpiIJ9ah/N/HrT6CNSOJHHKQQKtaNRUdwhlZquYUgUgGkRkj7CrAHyFpu0St5U9Bl4s9JkcxRablfQTvhmYIYuWTGNH0vxXDINAouYZQPMgMp433WhaalMVNgwuF09xE9sUqbdhJtK0Y6VX9PDJkyZqCiMxop260Y9syiPxH/85oZdm7CoYjTDCHms886maSY0EkYtC00cJQDSxjXwu5LeY9pxtFGlrdB+ItnL5Paecm/Kl0+XBTLt/NIcuSIHJNT4pNrUib3pEKqhJNn8krG5M15ccbOu/Mxa11x5jOH5A+czx/qlJXu</latexit>✏✓
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Feature 
Extractor

Target Feature

Only used as a seed!

• Any (differentiable) control
• Architecture/Sampler agnostic
• Zero training
• Exact control gradients

• Just latent optimization!
• Initialization->Structure
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DITTOTraining-Based Training-Free
(Guidance)

ü Any (differentiable) control
ü Architecture/Sampler agnostic
ü Zero training
ü Exact control gradients

Slow @ inference time

Music-ControlNet, JASCO
ü Arbitrary Controls
ü Control - Quality Balance
ü Fast @ inference time 

Large-scale training
Paired/labeled control data
Fixed controls @ training

Classifier Guidance, DPS, FreeDoM
ü Any (differentiable) control
ü Zero training
ü Moderate inference costs

Approximate gradients
Limited control in low SNR
Bad at fine-grained controls



Qualitative Control Results

Intensity Control Melody Control Structure Control

15

NEW!



Quantitative Control Results

Reward Hacking

16

• Baselines:
• Music-ControlNet (training-based)
• FreeDoM (training-free guidance)
• DOODL (training-free optimization)

• DITTO has SOTA Melody and Intensity Control
• FreeDoM struggles on complex controls
• DITTO avoids DOODL reward hacking

ü High control accuracy
Low Quality
Low text relevance



Editing Tasks
Outpainting: Inpainting:

Looping:

17

Ref.

Gen.

Ref.

Gen.

Ref.

Gen.

Restarts!

NEW!



Quantitative Editing Results
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• Baselines:
• Naïve/MultiDiffusion (simple masking)
• FreeDoM/GG (training-free guidance)
• DOODL (training-free optimization)

• DITTO has SOTA FAD across mask widths



Conclusion

• DITTO: training-free editing/control for TTM models
• Simply 𝒙! optimization + gradient checkpointing
• Array of tasks, new looping and structure control
• SOTA against training-based/free baselines
• Extra uses:

• Reference-Free Looping
• Structure Transfer
• Multi-Feature Optimization
• Optimized latent reuse
• And more!

Any questions?
Email: znovack@ucsd.edu

𝕏: zacknovack
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