
Educating Text Autoencoders: 
Latent Representation Guidance via Denoising

Tianxiao Shen   Jonas Mueller   Regina Barzilay   Tommi Jaakkola 



Text Autoencoders

Represent sentences as vectors in a latent space

This talk is awesome

encoder

decoder

This talk is awesome



Text Autoencoders

This talk was awesome

tense 
vector+

This talk is awful- sentiment 
vector

Represent sentences as vectors in a latent space

Manipulate sentences via modifying their latent representation

This talk is awesome



Latent Space Geometry

This talk was awesome
This talk is awesome

Sentence Space Latent Space

It was sunny yesterday
It’s sunny today

Which mapping between sentences and latent vectors will be learned?

?



Latent Space Geometry

Fortuitous geometry that captures sentence semantics is unlikely to arise

This talk was awesome
This talk is awesome

Sentence Space Latent Space

It was sunny yesterday
It’s sunny today

AAE Latent Space



Latent Space Geometry

Fortuitous geometry that captures sentence semantics is unlikely to arise

Minimal latent space manipulations can yield random, unpredictable changes 
in the resulting text

This talk was awesome
This talk is awesome

Sentence Space Latent Space

It was sunny yesterday
It’s sunny today

AAE Latent Space



Adversarial Autoencoder (AAE)

[Makhzani et al., 2015]

encoder   ,  decoder   ,  discriminator    

E

<latexit sha1_base64="jaHG0f1sBa5w6CahuBe9dhn5kTI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FJOAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGrV+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe5XybaNSqtayOPJwBudwCR5cQxXuoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A520jNg=</latexit>

z

<latexit sha1_base64="q5P6dhkuGC22QQ8lVVi/5jR942U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkV4hLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28UZI2O</latexit>

G

<latexit sha1_base64="gx1WBYLCKHbjbkozjZKCMVTo7r4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRPSYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9bteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhlT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5Xydb1Sqt5mceThBE7hHDy4hCrcQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB6C8jNo=</latexit>

x

<latexit sha1_base64="3pjpA3+sdcpWmb17KxkWgg1NB7c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkVwxLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28RXI2M</latexit>

This talk is awesome

reconstruction loss

D

<latexit sha1_base64="w1WwdmCQgKP8+X1VJ/5sTU/pn/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FVPCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9dteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhlT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5Xydb1Sqt5lceThBE7hHDy4hCrcQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB5wwjNc=</latexit>

p(z)

<latexit sha1_base64="Vm9uwHja0Cr2XJrya0m2u7L26PU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3giAeK9gPaJeSTbNtaJJdkqxQl4K/wIsHRbz6h7z5b8y2PWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+PrzG8/UKVZJO/NJKa+wEPJQkawyaS4/HjeL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJL/2UyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatWru6qpfrN0zyOPJzAKZTBgxrU4RYa0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBqcOObQ==</latexit>

adversarial loss

This talk is awesome

x

<latexit sha1_base64="3pjpA3+sdcpWmb17KxkWgg1NB7c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkVwxLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28RXI2M</latexit>

min
E,G

max
D

Lrec � �Ladv

<latexit sha1_base64="KmHQ+z8AjUNlzY8GN4MNOeSuC+8="></latexit>

E

<latexit sha1_base64="pWrBzfpVufV4naiCogWV9S+MqJs=">AAAB9HicbVBNS8NAEJ3Urxq/qh69LJZCvZRECuqtIAWPFWwrtKFstpt26W4SdzeFNvR3ePGgiFd/jDf/jds2B219MPB4b4aZeX7MmdKO823lNja3tnfyu/be/sHhUeH4pKWiRBLaJBGP5KOPFeUspE3NNKePsaRY+Jy2/dHt3G+PqVQsCh/0JKaewIOQBYxgbSSvNO0qJlBcnl7Y9V6h6FScBdA6cTNShAyNXuGr249IImioCcdKdVwn1l6KpWaE05ndTRSNMRnhAe0YGmJBlZcujp6hklH6KIikqVCjhfp7IsVCqYnwTafAeqhWvbn4n9dJdHDtpSyME01DslwUJBzpCM0TQH0mKdF8YggmkplbERliiYk2OdkmBHf15XXSuqy41crNfbVYq2dx5OEMzqEMLlxBDe6gAU0g8ATP8Apv1th6sd6tj2VrzspmTuEPrM8f/6+Q+Q==</latexit>

G

<latexit sha1_base64="hXZqviBsmUQqQGwr2Sc4CvsupiM=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxVKol5JIQb0VRPRYwX5AG8pmu2mXbjZxd1NoQ3+HFw+KePXHePPfuG1z0NYHA4/3ZpiZ58ecKe0439ba+sbm1nZux97d2z84zB8dN1SUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD29mfnNEpWKReNTjmHoh7gsWMIK1kbzipKNYiOLS5Ny+6+YLTtmZA60SNyMFyFDr5r86vYgkIRWacKxU23Vi7aVYakY4ndqdRNEYkyHu07ahAodUeen86CkqGqWHgkiaEhrN1d8TKQ6VGoe+6QyxHqhlbyb+57UTHVx5KRNxoqkgi0VBwpGO0CwB1GOSEs3HhmAimbkVkQGWmGiTk21CcJdfXiWNi7JbKV8/VArV2yyOHJzCGZTAhUuowj3UoA4EnuAZXuHNGlkv1rv1sWhds7KZE/gD6/MHAsaQ+w==</latexit>

D

<latexit sha1_base64="BkYWtfe7+OkEV4gwnrmRnKw/E5c=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxVKol5JIQb0VVPBYwX5AG8pmu2mXbjZxd1NoQ3+HFw+KePXHePPfuG1z0NYHA4/3ZpiZ58ecKe0439ba+sbm1nZux97d2z84zB8dN1SUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD29mfnNEpWKReNTjmHoh7gsWMIK1kbzipKNYiOLS5Ny+7eYLTtmZA60SNyMFyFDr5r86vYgkIRWacKxU23Vi7aVYakY4ndqdRNEYkyHu07ahAodUeen86CkqGqWHgkiaEhrN1d8TKQ6VGoe+6QyxHqhlbyb+57UTHVx5KRNxoqkgi0VBwpGO0CwB1GOSEs3HhmAimbkVkQGWmGiTk21CcJdfXiWNi7JbKV8/VArVuyyOHJzCGZTAhUuowj3UoA4EnuAZXuHNGlkv1rv1sWhds7KZE/gD6/MH/iuQ+A==</latexit>

sample                                   to generate new dataz ⇠ p(z), x ⇠ pG(x|z)

<latexit sha1_base64="Yo8xQgU091/mBCITSaS45dNrSEg=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaEFKIgV1VxDRZQV7gTaEyXTSDp1JwsxE2saCG1/FjQtF3PoS7nwbp20W2vrDwMd/zuHM+b2IUaks69vILC2vrK5l13Mbm1vbO+buXl2GscCkhkMWiqaHJGE0IDVFFSPNSBDEPUYaXv9yUm/cEyFpGNypYUQcjroB9SlGSluueTBqS8phVBgVT+Bgxu51YfAwKrpm3ipZU8FFsFPIg1RV1/xqd0IccxIozJCULduKlJMgoShmZJxrx5JECPdRl7Q0BogT6STTG8bwWDsd6IdCv0DBqft7IkFcyiH3dCdHqifnaxPzv1orVv65k9AgihUJ8GyRHzOoQjgJBHaoIFixoQaEBdV/hbiHBMJKx5bTIdjzJy9C/bRkl0sXt+V85SqNIwsOwREoABucgQq4AVVQAxg8gmfwCt6MJ+PFeDc+Zq0ZI53ZB39kfP4AIxeWlg==</latexit>



Introduce a perturbation process     that maps    to nearby    (e.g., randomly drop each 
word with probability   ), and ask the model to reconstruct    from    [Vincent et al., 2008]p

<latexit sha1_base64="YOmXK/WCv8UzfFcRntuJ3ElNsJQ=">AAACBnicbZDLSgMxGIUz9VbH26hLEYKl0IKUGSmou4KgLivYC7TDkEkzbWjmQpKRtmNBcOOruHGhiFufwZ1vY9rpQlsPBD7O+UPyHzdiVEjT/NYyS8srq2vZdX1jc2t7x9jdq4sw5pjUcMhC3nSRIIwGpCapZKQZcYJ8l5GG27+Y5I07wgUNg1s5jIjto25APYqRVJZjHOZHbUF9GBVGxWM4SNm5KgzuR0U9coycWTKngotgzSAHZqo6xle7E+LYJ4HEDAnRssxI2gnikmJGxno7FiRCuI+6pKUwQD4RdjJdYwzzyulAL+TqBBJO3d83EuQLMfRdNekj2RPz2cT8L2vF0juzExpEsSQBTh/yYgZlCCedwA7lBEs2VIAwp+qvEPcQR1iq5nRVgjW/8iLUT0pWuXR+U85VLh/SOrLgAByBArDAKaiAa1AFNYDBI3gGr+BNe9JetHftIx3NaLMK98EfaZ8/v9qX1A==</latexit>

Our Model: Denoising AAE (DAAE)
x

<latexit sha1_base64="2ZIqhx3I82nihFPomQgoMG/1/Fw="></latexit>

x̃

<latexit sha1_base64="2Hi2mdBLMEYuYQUs4klUtYDME6Y="></latexit>

x

<latexit sha1_base64="2ZIqhx3I82nihFPomQgoMG/1/Fw="></latexit>

x̃

<latexit sha1_base64="2Hi2mdBLMEYuYQUs4klUtYDME6Y="></latexit>

C

<latexit sha1_base64="7R7s/zFLUwS433xPyGmSKCEDOSM="></latexit>

This talk is awesome This talk is awesome 
talk is awesome 
This talk is 
This awesome 
talk 
…

C

<latexit sha1_base64="7R7s/zFLUwS433xPyGmSKCEDOSM="></latexit>

x

<latexit sha1_base64="3pjpA3+sdcpWmb17KxkWgg1NB7c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkVwxLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28RXI2M</latexit>

E

<latexit sha1_base64="jaHG0f1sBa5w6CahuBe9dhn5kTI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FJOAxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGrV+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe5XybaNSqtayOPJwBudwCR5cQxXuoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A520jNg=</latexit>

z

<latexit sha1_base64="q5P6dhkuGC22QQ8lVVi/5jR942U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkV4hLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28UZI2O</latexit>

G

<latexit sha1_base64="gx1WBYLCKHbjbkozjZKCMVTo7r4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRPSYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9bteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhlT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5Xydb1Sqt5mceThBE7hHDy4hCrcQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB6C8jNo=</latexit>

x

<latexit sha1_base64="3pjpA3+sdcpWmb17KxkWgg1NB7c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPGYgHlAsoTZSW8yZnZ2mZkVwxLw7sWDIl79JG/+jZPHQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfukeleSxvzThBP6IDyUPOqLFS/aFXLLlldwbyl3gLUoIFar3iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/TmQ00nocBbYzomaol72p+J/XSU144WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv/yXNM/KXqV8Wa+UqteP8zjycATHcAoenEMVbqAGDWCA8AQv8OrcOc/Om/M+b805iwgP4Recj28RXI2M</latexit>

This talk is awesome

reconstruction loss

D

<latexit sha1_base64="w1WwdmCQgKP8+X1VJ/5sTU/pn/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FVPCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9dteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhlT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5Xydb1Sqt5lceThBE7hHDy4hCrcQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB5wwjNc=</latexit>

p(z)

<latexit sha1_base64="Vm9uwHja0Cr2XJrya0m2u7L26PU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3giAeK9gPaJeSTbNtaJJdkqxQl4K/wIsHRbz6h7z5b8y2PWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+PrzG8/UKVZJO/NJKa+wEPJQkawyaS4/HjeL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJL/2UyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatWru6qpfrN0zyOPJzAKZTBgxrU4RYa0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBqcOObQ==</latexit>

adversarial loss

min
E,G

max
D

Lrec � �Ladv

<latexit sha1_base64="KmHQ+z8AjUNlzY8GN4MNOeSuC+8="></latexit>

x̃

<latexit sha1_base64="rqdVCUKlabp23C0ppyPb8eqDcCY="></latexit>



Toy Experiment
X = {0, 1}50, Z = R2

<latexit sha1_base64="lFQAHQELGeChrT72OLKMXcVzr4k="></latexit>

AAE Latent Space

Data stem from 5 clusters, with 100 sequences sampled from each

DAAE Latent Space

similar sequences      distant representations similar sequences      similar representations



Toy Experiment
X = {0, 1}50, Z = R2

<latexit sha1_base64="lFQAHQELGeChrT72OLKMXcVzr4k="></latexit>

AAE Latent Space

Data stem from 5 clusters, with 100 sequences sampled from each

DAAE Latent Space

similar sequences      distant representations

Theoretically analyze which type of           mappings will be learned 
by AAE and DAAE under global optimality

x� z

<latexit sha1_base64="MK2WYTRgIxACKdtSWYpDHU6ydDs="></latexit>

similar sequences      similar representations



and                     can achieve the same optimal value under the AAE objective {x1, · · · , xn}
<latexit sha1_base64="ewivfKRpD18AKXNRxrRKJilaCiE="></latexit>

{z1, · · · , zn}
<latexit sha1_base64="lLwXpCDYhCb8x706BhTFR1FmE/w="></latexit>

AAE Can Learn a Random Mapping Between X and Z

Theorem 1. With high-capacity encoder/decoder networks, any assignment between    

X
<latexit sha1_base64="lEx7PBcrkDbyM6jFzTWYYBH+h3E=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EccSoJJ1+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn88RTcmaVAQljbZ9CMld/b2Q0MmYSBXZyltAsezPxP6+bYnjtZ0IlKXLFFh+FqSQYk9n5ZCA0ZygnllCmhc1K2IhqytCWVLIleMsnr5JWrepdVGv3l5X6TV5HEU7gFM7Bgyuowx00oAkMFDzDK7w5xnlx3p2PxWjByXeO4Q+czx8jxpCQ</latexit>

Z
<latexit sha1_base64="Yv1yOdp3yC9y8P/viD/6kH/okoU=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUF+6DtUDLpnTY0kxmSjFBK/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB8l/mtJ1Sax/LRTBL0IzqUPOSMGit1ehE1I0YF6fRLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPhTqgxnAmfFXqoxoWxMh9i1VNIItT+dJ56Rc6sMSBgr+6Qhc/X3xpRGWk+iwE5mCfWyl4n/ed3UhDf+lMskNSjZ4qMwFcTEJDufDLhCZsTEEsoUt1kJG1FFmbElFW0J3vLJq6RZrXiXlerDVbl2m9dRgFM4gwvw4BpqcA91aAADCc/wCm+Odl6cd+djMbrm5Dsn8AfO5w8mzpCS</latexit>

E
G



X
<latexit sha1_base64="lEx7PBcrkDbyM6jFzTWYYBH+h3E=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EccSoJJ1+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn88RTcmaVAQljbZ9CMld/b2Q0MmYSBXZyltAsezPxP6+bYnjtZ0IlKXLFFh+FqSQYk9n5ZCA0ZygnllCmhc1K2IhqytCWVLIleMsnr5JWrepdVGv3l5X6TV5HEU7gFM7Bgyuowx00oAkMFDzDK7w5xnlx3p2PxWjByXeO4Q+czx8jxpCQ</latexit>

Z
<latexit sha1_base64="Yv1yOdp3yC9y8P/viD/6kH/okoU=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUF+6DtUDLpnTY0kxmSjFBK/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB8l/mtJ1Sax/LRTBL0IzqUPOSMGit1ehE1I0YF6fRLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPhTqgxnAmfFXqoxoWxMh9i1VNIItT+dJ56Rc6sMSBgr+6Qhc/X3xpRGWk+iwE5mCfWyl4n/ed3UhDf+lMskNSjZ4qMwFcTEJDufDLhCZsTEEsoUt1kJG1FFmbElFW0J3vLJq6RZrXiXlerDVbl2m9dRgFM4gwvw4BpqcA91aAADCc/wCm+Odl6cd+djMbrm5Dsn8AfO5w8mzpCS</latexit>

C(x)
<latexit sha1_base64="wCQdGNjwP4MYE5YPm9zHoyO3g6I=">AAAB63icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnIk4eIREwET2JBu6UJD2920XSPZ8Be8eNAYr/4hb/4bu7AHBV8yyct7M5mZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHWUKEI7JOKRegiwppxJ2jHMcPoQK4pFwGkvmLYyv/dIlWaRvDezmPoCjyULGcEmk1rVp8thueLW3AXQOvFyUoEc7WH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExM2/JTJODFUkuWiMOHIRCh7HI2YosTwmSWYKGZvRWSCFSbGxlOyIXirL6+Tbr3mXdXqd9eVZiOPowhncA5V8OAGmnALbegAgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fNTaNqA==</latexit>

DAAE Learns to Map Similar X to Close Z

Theorem 2. In a simple scenario with only four examples, the optimal value under the 
DAAE objective is achieved when close pairs of    are mapped to close pairs ofx

<latexit sha1_base64="SMM9PXS0cW2Kwk5dHSBi9y/+sds="></latexit>

z

<latexit sha1_base64="CeEXbhIUh/jsfgvs16lVjes25P0="></latexit>

E G

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

z2

<latexit sha1_base64="XwgGRp/htBJ4wVSFhG8IRui2RZs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMwKMeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBFCCNrw==</latexit>

z1

<latexit sha1_base64="08aWfnB/Q1YlIEoIgy5+lDohQcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsJ+3SzSbsboQa+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJYPZpygH9GB5CFn1Fjp/qnn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8SnI2u</latexit>



Theorem 3 (sketch). Suppose                  are divided into         clusters of equal size    . 
Let the perturbation process     be uniform within clusters. The DAAE objective is “best 
achieved” when examples in the same cluster are mapped to the latent space in a 
manner that is well-separated from encodings of other clusters

DAAE Learns to Map Similar X to Close Z
x1, · · · , xn

<latexit sha1_base64="HeYRpUzeIkykgEyiX6kn16CCB8o="></latexit>

n/K
<latexit sha1_base64="DaN6YwG4RO87XFk0zhx5wl5n6Gw="></latexit>

K
<latexit sha1_base64="Uh8P3CjvnC/J/rbR1rDkHmC6qIs="></latexit>

C
<latexit sha1_base64="QItKE4VN736yt1/u9Ooxop2g+WY="></latexit>



Experiments

Compare DAAE with: 
• AAE [Makhzani et al., 2015]

• Latent-noising AAE (LAAE) [Rubenstein et al., 2018]

• β-VAE [Higgins et al., 2017]


• ARAE [Zhao et al., 2018]

Evaluate: 
• Neighborhood Preservation

• Generation-Reconstruction Trade-Off

• Style Transfer

• Sentence Interpolation

Datasets: 
• Yelp reviews

• Yahoo answers



Neighborhood Preservation

AAE

Source

DAAE

my cashier did not smile , barely said hello . 

the service is fantastic , the food is great . 

the employees are extremely nice and helpful .

the manager , linda , was very very attentive and personable . 

stylist brenda was very friendly , attentive and professional . 

the manager was also super nice and personable .

my waitress katie was fantastic , attentive and personable .

Nearest neighbors (NN) in the latent Euclidean space For each sentence’s 10-NN in terms of normalized 
edit distance, count how many of them lie among 
the k-NN in the latent space



Generation-Reconstruction Trade-Off

😊



Generation-Reconstruction Trade-Off

� = 0.01

<latexit sha1_base64="J0wLO4FkicA6DMdGqO1qodpGUC4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCvYD26Vk09k2NJtdklmhLP0XXjwo4tV/481/Y9ruQVsfhDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3U791hNoI2L1gOME/IgNlAgFZ2ilx24AyG7cquv1yhX7zUCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxhN6YpU+DWNtn0I6U393ZCwyZhwFtjJiODSL3lT8z+ukGF76mVBJiqD4fFCYSooxnZ5P+0IDRzm2hHEt7K6UD5lmHG1IJRuCt3jyMmmeVb3z6tX9eaV2ncdRJEfkmJwSj1yQGrkjddIgnCjyTF7Jm2OcF+fd+ZiXFpy855D8gfP5Awidj9g=</latexit>

� = 0.15

<latexit sha1_base64="qD6kDI0M0npkC1gDZJ4MrMJQ0ro=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRSUUGh4MVjBfuBbSib7aRdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyScKe2631ZhZXVtfaO4Wdra3tndK+8fNFWcSooNGvNYtgOikDOBDc00x3YikUQBx1Ywup36rSeUisXiQY8T9CMyECxklGgjPXYD1OTGdbzzXrniOu4M9jLxclKBHPVe+avbj2kaodCUE6U6nptoPyNSM8pxUuqmChNCR2SAHUMFiVD52eziiX1ilL4dxtKU0PZM/T2RkUipcRSYzojooVr0puJ/XifV4aWfMZGkGgWdLwpTbuvYnr5v95lEqvnYEEIlM7fadEgkodqEVDIheIsvL5PmmeNVnav7aqV2ncdRhCM4hlPw4AJqcAd1aAAFAc/wCm+Wsl6sd+tj3lqw8plD+APr8wcQMo/d</latexit>

� = 1

<latexit sha1_base64="4efnS6fWYRQw0IE49h20Za7lclE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIJCwYvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lo5kk6Ed0KHnIGTVWavcCNPTW65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHq16vVDrVK/yeMowgmcwjl4cAl1uIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+6to8s</latexit>

😊



Generation-Reconstruction Trade-Off

� = 0.01

<latexit sha1_base64="J0wLO4FkicA6DMdGqO1qodpGUC4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCvYD26Vk09k2NJtdklmhLP0XXjwo4tV/481/Y9ruQVsfhDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3U791hNoI2L1gOME/IgNlAgFZ2ilx24AyG7cquv1yhX7zUCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxhN6YpU+DWNtn0I6U393ZCwyZhwFtjJiODSL3lT8z+ukGF76mVBJiqD4fFCYSooxnZ5P+0IDRzm2hHEt7K6UD5lmHG1IJRuCt3jyMmmeVb3z6tX9eaV2ncdRJEfkmJwSj1yQGrkjddIgnCjyTF7Jm2OcF+fd+ZiXFpy855D8gfP5Awidj9g=</latexit>

� = 0.15

<latexit sha1_base64="qD6kDI0M0npkC1gDZJ4MrMJQ0ro=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRSUUGh4MVjBfuBbSib7aRdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyScKe2631ZhZXVtfaO4Wdra3tndK+8fNFWcSooNGvNYtgOikDOBDc00x3YikUQBx1Ywup36rSeUisXiQY8T9CMyECxklGgjPXYD1OTGdbzzXrniOu4M9jLxclKBHPVe+avbj2kaodCUE6U6nptoPyNSM8pxUuqmChNCR2SAHUMFiVD52eziiX1ilL4dxtKU0PZM/T2RkUipcRSYzojooVr0puJ/XifV4aWfMZGkGgWdLwpTbuvYnr5v95lEqvnYEEIlM7fadEgkodqEVDIheIsvL5PmmeNVnav7aqV2ncdRhCM4hlPw4AJqcAd1aAAFAc/wCm+Wsl6sd+tj3lqw8plD+APr8wcQMo/d</latexit>

� = 1

<latexit sha1_base64="4efnS6fWYRQw0IE49h20Za7lclE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIJCwYvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lo5kk6Ed0KHnIGTVWavcCNPTW65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHq16vVDrVK/yeMowgmcwjl4cAl1uIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+6to8s</latexit>

😊



Generation-Reconstruction Trade-Off

� = 0.01

<latexit sha1_base64="J0wLO4FkicA6DMdGqO1qodpGUC4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCvYD26Vk09k2NJtdklmhLP0XXjwo4tV/481/Y9ruQVsfhDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3U791hNoI2L1gOME/IgNlAgFZ2ilx24AyG7cquv1yhX7zUCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxhN6YpU+DWNtn0I6U393ZCwyZhwFtjJiODSL3lT8z+ukGF76mVBJiqD4fFCYSooxnZ5P+0IDRzm2hHEt7K6UD5lmHG1IJRuCt3jyMmmeVb3z6tX9eaV2ncdRJEfkmJwSj1yQGrkjddIgnCjyTF7Jm2OcF+fd+ZiXFpy855D8gfP5Awidj9g=</latexit>

� = 0.15

<latexit sha1_base64="qD6kDI0M0npkC1gDZJ4MrMJQ0ro=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRSUUGh4MVjBfuBbSib7aRdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyScKe2631ZhZXVtfaO4Wdra3tndK+8fNFWcSooNGvNYtgOikDOBDc00x3YikUQBx1Ywup36rSeUisXiQY8T9CMyECxklGgjPXYD1OTGdbzzXrniOu4M9jLxclKBHPVe+avbj2kaodCUE6U6nptoPyNSM8pxUuqmChNCR2SAHUMFiVD52eziiX1ilL4dxtKU0PZM/T2RkUipcRSYzojooVr0puJ/XifV4aWfMZGkGgWdLwpTbuvYnr5v95lEqvnYEEIlM7fadEgkodqEVDIheIsvL5PmmeNVnav7aqV2ncdRhCM4hlPw4AJqcAd1aAAFAc/wCm+Wsl6sd+tj3lqw8plD+APr8wcQMo/d</latexit>

� = 1

<latexit sha1_base64="4efnS6fWYRQw0IE49h20Za7lclE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIJCwYvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lo5kk6Ed0KHnIGTVWavcCNPTW65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHq16vVDrVK/yeMowgmcwjl4cAl1uIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+6to8s</latexit>

�1 = 0.01

<latexit sha1_base64="rN7dOqwI9x8fVbhIkx2NPGig9IA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQQWFghuXFewD2rFkMpk2NJMMSUYpQ//DjQtF3Pov7vwb03YW2nog5HDOueTmBAln2rjut1NYWV1b3yhulra2d3b3yvsHLS1TRWiTSC5VJ8CaciZo0zDDaSdRFMcBp+1gdDP1249UaSbFvRkn1I/xQLCIEWys9NDjNhrivnftVl2vX67Yawa0TLycVCBHo1/+6oWSpDEVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSwWOqfaz2dYTdGKVEEVS2SMMmqm/JzIcaz2OA5uMsRnqRW8q/ud1UxNd+BkTSWqoIPOHopQjI9G0AhQyRYnhY0swUczuisgQK0yMLapkS/AWv7xMWmdVr1a9vKtV6ld5HUU4gmM4BQ/OoQ630IAmEFDwDK/w5jw5L8678zGPFpx85hD+wPn8AbJYkVU=</latexit>

�1 = 0.05

<latexit sha1_base64="mbO6q4Ur4ABvAQZbDI4Q5+qPlEY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIooJCwY3LCvYB7VgymUwbmkmGJKOUof/hxoUibv0Xd/6NaTsLbT0QcjjnXHJzgoQzbVz32yksLa+srhXXSxubW9s75d29ppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvJn4rUeqNJPi3owS6se4L1jECDZWeuhyGw1xz7t2q+5Zr1yx1xRokXg5qUCOeq/81Q0lSWMqDOFY647nJsbPsDKMcDoudVNNE0yGuE87lgocU+1n063H6MgqIYqkskcYNFV/T2Q41noUBzYZYzPQ895E/M/rpCa68DMmktRQQWYPRSlHRqJJBShkihLDR5ZgopjdFZEBVpgYW1TJluDNf3mRNE+q3mn18u60UrvK6yjCARzCMXhwDjW4hTo0gICCZ3iFN+fJeXHenY9ZtODkM/vwB87nD7hokVk=</latexit>

�1 = 0.2

<latexit sha1_base64="lBoB72tt+UqgBVB0nMN4R29csNM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgKiSlUAWFghuXFewD2lAmk0k7dDKJM5NCCf0ONy4UcevHuPNvnLZZaOuBgcM553LvHD/hTGnH+bYKG5tb2zvF3dLe/sHhUfn4pK3iVBLaIjGPZdfHinImaEszzWk3kRRHPqcdf3w39zsTKhWLxaOeJtSL8FCwkBGsjeT1uYkGeODeOnZ1UK44trMAWiduTiqQozkof/WDmKQRFZpwrFTPdRLtZVhqRjidlfqpogkmYzykPUMFjqjyssXRM3RhlACFsTRPaLRQf09kOFJqGvkmGWE9UqveXPzP66U6vPIyJpJUU0GWi8KUIx2jeQMoYJISzaeGYCKZuRWREZaYaNNTyZTgrn55nbSrtluzrx9qlcZNXkcRzuAcLsGFOjTgHprQAgJP8Ayv8GZNrBfr3fpYRgtWPnMKf2B9/gBCCJEc</latexit>

😊



Generation-Reconstruction Trade-Off

p = 1

<latexit sha1_base64="cNTK5hhw9pKozLoy4pWS4dC0WYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUEGh4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6SG58Xrlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdU7r17dn1dq13kcRTiCYzgFDy6gBndQhwYwGMAzvMKbI50X5935mLcWnHzmEP7A+fwBzdmNfA==</latexit>

p = 0.1

<latexit sha1_base64="7dCADK0UNAegjo/GHLGAVXtMISk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoIJCwYvHCqYttKFstpt26Waz7G6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvEhypo3nfTultfWNza3ydmVnd2//oHp41NJppggNSMpT1YmwppwJGhhmOO1IRXEScdqOxnczv/1ElWapeDQTScMEDwWLGcHGSoG89Vy/X615rjcHWiV+QWpQoNmvfvUGKckSKgzhWOuu70kT5lgZRjidVnqZphKTMR7SrqUCJ1SH+fzYKTqzygDFqbIlDJqrvydynGg9SSLbmWAz0sveTPzP62YmvgpzJmRmqCCLRXHGkUnR7HM0YIoSwyeWYKKYvRWREVaYGJtPxYbgL7+8SloXrl93rx/qtcZNEUcZTuAUzsGHS2jAPTQhAAIMnuEV3hzhvDjvzseiteQUM8fwB87nD6gaje4=</latexit>

p = 0.3

<latexit sha1_base64="DKqqIo4jLkAiRncNxOJNxJavKCs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0oIJCwYvHCqYttKFstpt26Waz7G6EEvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXiQ508bzvpzSyura+kZ5s7K1vbO7V90/aOk0U4QGJOWp6kRYU84EDQwznHakojiJOG1H49uZ336kSrNUPJiJpGGCh4LFjGBjpUDeeO55v1rzXG8O9Jf4BalBgWa/+tkbpCRLqDCEY627vidNmGNlGOF0WullmkpMxnhIu5YKnFAd5vNjp+jEKgMUp8qWMGiu/pzIcaL1JIlsZ4LNSC97M/E/r5uZ+DLMmZCZoYIsFsUZRyZFs8/RgClKDJ9Ygoli9lZERlhhYmw+FRuCv/zyX9I6c/26e3VfrzWuizjKcATHcAo+XEAD7qAJARBg8AQv8OoI59l5c94XrSWnmDmEX3A+vgGrIo3w</latexit>

� = 0.01

<latexit sha1_base64="J0wLO4FkicA6DMdGqO1qodpGUC4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCvYD26Vk09k2NJtdklmhLP0XXjwo4tV/481/Y9ruQVsfhDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3U791hNoI2L1gOME/IgNlAgFZ2ilx24AyG7cquv1yhX7zUCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxhN6YpU+DWNtn0I6U393ZCwyZhwFtjJiODSL3lT8z+ukGF76mVBJiqD4fFCYSooxnZ5P+0IDRzm2hHEt7K6UD5lmHG1IJRuCt3jyMmmeVb3z6tX9eaV2ncdRJEfkmJwSj1yQGrkjddIgnCjyTF7Jm2OcF+fd+ZiXFpy855D8gfP5Awidj9g=</latexit>

� = 0.15

<latexit sha1_base64="qD6kDI0M0npkC1gDZJ4MrMJQ0ro=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRSUUGh4MVjBfuBbSib7aRdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyScKe2631ZhZXVtfaO4Wdra3tndK+8fNFWcSooNGvNYtgOikDOBDc00x3YikUQBx1Ywup36rSeUisXiQY8T9CMyECxklGgjPXYD1OTGdbzzXrniOu4M9jLxclKBHPVe+avbj2kaodCUE6U6nptoPyNSM8pxUuqmChNCR2SAHUMFiVD52eziiX1ilL4dxtKU0PZM/T2RkUipcRSYzojooVr0puJ/XifV4aWfMZGkGgWdLwpTbuvYnr5v95lEqvnYEEIlM7fadEgkodqEVDIheIsvL5PmmeNVnav7aqV2ncdRhCM4hlPw4AJqcAd1aAAFAc/wCm+Wsl6sd+tj3lqw8plD+APr8wcQMo/d</latexit>

� = 1

<latexit sha1_base64="4efnS6fWYRQw0IE49h20Za7lclE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIJCwYvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lo5kk6Ed0KHnIGTVWavcCNPTW65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHq16vVDrVK/yeMowgmcwjl4cAl1uIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+6to8s</latexit>

�1 = 0.01

<latexit sha1_base64="rN7dOqwI9x8fVbhIkx2NPGig9IA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQQWFghuXFewD2rFkMpk2NJMMSUYpQ//DjQtF3Pov7vwb03YW2nog5HDOueTmBAln2rjut1NYWV1b3yhulra2d3b3yvsHLS1TRWiTSC5VJ8CaciZo0zDDaSdRFMcBp+1gdDP1249UaSbFvRkn1I/xQLCIEWys9NDjNhrivnftVl2vX67Yawa0TLycVCBHo1/+6oWSpDEVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSwWOqfaz2dYTdGKVEEVS2SMMmqm/JzIcaz2OA5uMsRnqRW8q/ud1UxNd+BkTSWqoIPOHopQjI9G0AhQyRYnhY0swUczuisgQK0yMLapkS/AWv7xMWmdVr1a9vKtV6ld5HUU4gmM4BQ/OoQ630IAmEFDwDK/w5jw5L8678zGPFpx85hD+wPn8AbJYkVU=</latexit>

�1 = 0.05

<latexit sha1_base64="mbO6q4Ur4ABvAQZbDI4Q5+qPlEY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIooJCwY3LCvYB7VgymUwbmkmGJKOUof/hxoUibv0Xd/6NaTsLbT0QcjjnXHJzgoQzbVz32yksLa+srhXXSxubW9s75d29ppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvJn4rUeqNJPi3owS6se4L1jECDZWeuhyGw1xz7t2q+5Zr1yx1xRokXg5qUCOeq/81Q0lSWMqDOFY647nJsbPsDKMcDoudVNNE0yGuE87lgocU+1n063H6MgqIYqkskcYNFV/T2Q41noUBzYZYzPQ895E/M/rpCa68DMmktRQQWYPRSlHRqJJBShkihLDR5ZgopjdFZEBVpgYW1TJluDNf3mRNE+q3mn18u60UrvK6yjCARzCMXhwDjW4hTo0gICCZ3iFN+fJeXHenY9ZtODkM/vwB87nD7hokVk=</latexit>

�1 = 0.2

<latexit sha1_base64="lBoB72tt+UqgBVB0nMN4R29csNM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgKiSlUAWFghuXFewD2lAmk0k7dDKJM5NCCf0ONy4UcevHuPNvnLZZaOuBgcM553LvHD/hTGnH+bYKG5tb2zvF3dLe/sHhUfn4pK3iVBLaIjGPZdfHinImaEszzWk3kRRHPqcdf3w39zsTKhWLxaOeJtSL8FCwkBGsjeT1uYkGeODeOnZ1UK44trMAWiduTiqQozkof/WDmKQRFZpwrFTPdRLtZVhqRjidlfqpogkmYzykPUMFjqjyssXRM3RhlACFsTRPaLRQf09kOFJqGvkmGWE9UqveXPzP66U6vPIyJpJUU0GWi8KUIx2jeQMoYJISzaeGYCKZuRWREZaYaNNTyZTgrn55nbSrtluzrx9qlcZNXkcRzuAcLsGFOjTgHprQAgJP8Ayv8GZNrBfr3fpYRgtWPnMKf2B9/gBCCJEc</latexit>

😊



style 1

style 2

the pizza was pretty bland 

we got stead and drink 

i had to knock it down a star

everything is pretty fresh 

food seems decent overall 

you get what you pay for

enc avg

enc avg

Unsupervised Text Style Transfer

diff

style vector v

<latexit sha1_base64="0pdxup8SoPdQQOfrEefII73hnpA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRPCYgHlAsoTZSW8yZnZ2mZkNhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c391hiV5rF8NJME/YgOJA85o8ZK9XGvWHLL7gJknXgZKUGGWq/41e3HLI1QGiao1h3PTYw/pcpwJnBW6KYaE8pGdIAdSyWNUPvTxaEzcmGVPgljZUsaslB/T0xppPUkCmxnRM1Qr3pz8T+vk5rwxp9ymaQGJVsuClNBTEzmX5M+V8iMmFhCmeL2VsKGVFFmbDYFG4K3+vI6aV6VvUr5tl4pVe+zOPJwBudwCR5cQxUeoAYNYIDwDK/w5jw5L86787FszTnZzCn8gfP5A+f4jQk=</latexit>

No style labels required during training!dec( enc(           ) ±    ) = ?input v

<latexit sha1_base64="0pdxup8SoPdQQOfrEefII73hnpA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRPCYgHlAsoTZSW8yZnZ2mZkNhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c391hiV5rF8NJME/YgOJA85o8ZK9XGvWHLL7gJknXgZKUGGWq/41e3HLI1QGiao1h3PTYw/pcpwJnBW6KYaE8pGdIAdSyWNUPvTxaEzcmGVPgljZUsaslB/T0xppPUkCmxnRM1Qr3pz8T+vk5rwxp9ymaQGJVsuClNBTEzmX5M+V8iMmFhCmeL2VsKGVFFmbDYFG4K3+vI6aV6VvUr5tl4pVe+zOPJwBudwCR5cQxUeoAYNYIDwDK/w5jw5L86787FszTnZzCn8gfP5A+f4jQk=</latexit>



Tense Transfer

0

10

20

30

40

50

60

Accuracy

β-VAE AAE LAAE DAAE

0

15

30

45

60

75

90

BLEU
0

10

20

30

40

50

60

Perplexity

😊

😊

😊

• AAE has the highest BLEU but the lowest ACC       not change the source sentence



Tense Transfer
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• DAAE achieves the highest ACC, the lowest PPL, relatively high BLEU
proper tense        high quality        faithful to source

😊

😊

😊



the staff is rude and the dr. does not spend time with you . 

the staff was rude and the dr. did not spend time with your attitude . 

the staff was rude and the dr. does not spend time with you . 

the staff was rude and the dr. is even for another of her entertained . 

the staff was rude and the dr. did not make time with you .

Input 

β-VAE 

AAE 

LAAE 

DAAE

Tense Transfer

• DAAE achieves the highest ACC, the lowest PPL, relatively high BLEU
proper tense        high quality        faithful to source



Sentiment Transfer

• As the scaling factor increases, the resulting sentences generated by DAAE get more and 
more positive/negative

Input 

+v 

+1.5v 

+2v

the food is entirely tasteless and slimy . 

the food is tremendous and fresh . 

the food is sensational and fresh . 

the food is gigantic .

Input 

-v 

-1.5v 

-2v

the patrons all looked happy and relaxed . 

the patrons all helped us were happy and relaxed . 

the patrons that all seemed around and left very stressed . 

the patrons actually kept us all looked long and was annoyed .



Sentiment Transfer
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• As the scaling factor increases, the resulting sentences generated by DAAE get more and 
more positive/negative



Sentiment Transfer
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• DAAE with            is comparable to previous models trained with sentiment labels [Shen et 
al., 2017]

±1.5v

<latexit sha1_base64="iK0mYaXUzYqJQNp0fhL/3lNx6rY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrFfVW0IPHCvYD2qVk02wbmmTXJFsoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/KB8eNXWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKR7czvzWmSrNYPppJQgOBB5JFjGBjpXY3Ech3L8e9csVzvTnQKvFzUoEc9V75q9uPSSqoNIRjrTu+l5ggw8owwum01E01TTAZ4QHtWCqxoDrI5vdO0ZlV+iiKlS1p0Fz9PZFhofVEhLZTYDPUy95M/M/rpCa6DjImk9RQSRaLopQjE6PZ86jPFCWGTyzBRDF7KyJDrDAxNqKSDcFffnmVNC9cv+rePFQrtbs8jiKcwCmcgw9XUIN7qEMDCHB4hld4c56cF+fd+Vi0Fpx85hj+wPn8Ad5qjzs=</latexit>



Sentence Interpolation via Latent Space Traversal

z1
<latexit sha1_base64="wsy6u12u7VFjOZUTo8QIBijeg/U=">AAAB8XicbVBNS8NAEJ3Urxq/qh69LJaCp5DUgiIIBS8eK9gPbEPZbDft0s0m7G6EGvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKa+sbm1vFbXtnd2//oHR41FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6Z+e1HKhWLxb2eJNSP8FCwkBGsjfRQSa5dx7Of+l6/VHYddw60SryclCFHo1/66g1ikkZUaMKxUl3PTbSfYakZ4XRq91JFE0zGeEi7hgocUeVn84unqGKUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XTXV46WdMJKmmgiwWhSlHOkaz99GASUo0nxiCiWTmVkRGWGKiTUi2CcFbfnmVtKqOd+5U72rl+lUeRxFO4BTOwIMLqMMtNKAJBAQ8wyu8Wcp6sd6tj0VrwcpnjuEPrM8fP92PTw==</latexit>

z2
<latexit sha1_base64="dRMs9zYmc/tc9WXgZr778v28lIg=">AAAB8XicbVBNS8NAEJ3Urxq/qh69LJaCp5DUgiIIBS8eK9gPbEPZbDft0s0m7G6EGvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKa+sbm1vFbXtnd2//oHR41FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6Z+e1HKhWLxb2eJNSP8FCwkBGsjfRQSa5dx7Of+tV+qew67hxolXg5KUOORr/01RvEJI2o0IRjpbqem2g/w1IzwunU7qWKJpiM8ZB2DRU4osrP5hdPUcUoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vm+rw0s+YSFJNBVksClOOdIxm76MBk5RoPjEEE8nMrYiMsMREm5BsE4K3/PIqaVUd79yp3tXK9as8jiKcwCmcgQcXUIdbaEATCAh4hld4s5T1Yr1bH4vWgpXPHMMfWJ8/QWGPUA==</latexit>

zi = t ⇤ z1 + (1� t) ⇤ z2
<latexit sha1_base64="21Zk0Oblwgc05cSpCS9/j2lShbs=">AAACA3icbZDLSgMxFIYz9VbrrepON4OlUBWHSRUUoVBw47KCvUBbhkyaaUMzF5IzQjsU3Pgqblwo4taXcOfbmF4W2vpD4OM/53ByfjcSXIFtfxuppeWV1bX0emZjc2t7J7u7V1NhLCmr0lCEsuESxQQPWBU4CNaIJCO+K1jd7d+M6/UHJhUPg3sYRKztk27APU4JaMvJHuSjkm3hzNDhJTgZOvi0gM/gWFPRyeZsy57IXAQ8gxyaqeJkv1qdkMY+C4AKolQT2xG0EyKBU8FGmVasWERon3RZU2NAfKbayeSGkZnXTsf0QqlfAObE/T2REF+pge/qTp9AT83XxuZ/tWYM3lU74UEUAwvodJEXCxNCcxyI2eGSURADDYRKrv9q0h6RhIKOLaNDwPMnL0KtaOFzq3h3kStfz+JIo0N0hAoIo0tURreogqqIokf0jF7Rm/FkvBjvxse0NWXMZvbRHxmfP1jClMA=</latexit>

enc

enc

dec

sentence 2

sentence 1

?
dec

?
dec

?



Sentence Interpolation via Latent Space Traversal

it ’s so much better than the other chinese food places in this area . 

it ’s so much better than the other food places in this area . 

better , much better . 

better than other places . 

better than other places .

it ’s so much better than the other chinese food places in this area . 

it ’s much better than the other chinese places in this area . 

better than the other chinese places in this area . 

better than the other places in charlotte . 

better than other places .

AAE

DAAE



• Minimizing                                      does NOT ensure X-structure is preserved in Z-space

• Denoising helps induce latent space organization

• DAAE best preserves sequence neighborhood, provides superior generation-reconstruction 

trade-off, and enables zero-shot style transfer

Takeaways

https://github.com/shentianxiao/text-autoencoders

Moving Forward
• Better/task-specific text perturbations

• Additional properties of latent space geometry

• Finer control over text generation

Thank you!

D(pdata(x)kpmodel(x))
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