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AUTOENCODER

• GENERATE A NEW IMAGE THAT IS NOT IN THE DATASET?
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AUTOENCODER – LATENT SPACE

• LATENT SPACE DISTRIBUTION CAN BE COMPLICATED

• IF WE KNEW THE SUPPORT OF THE DISTRIBUTION WE COULD 

HAVE GENERATED NEW SAMPLES

• ADDING NOISE TO THE LATENT SPACE MIGHT HELP A BIT BUT..



TAMING AUTOENCODERS

• IDEA: TRAIN AUTOENCODER IN A WAY THAT THE LATENT 

SPACE DISTRIBUTION LOOKS LIKE ISOTOPIC GAUSSIAN(?!)

• DECODER LEARNS TO TURN GAUSSIAN NOISE INTO NEW IMAGES

• FOR GENERATING NEW IMAGES, SIMPLY FEED GAUSSIAN 

NOISE TO THE DECODER

G
e

n
e

ra
te

Z
~

N
(0

,I
)



TAMING AUTOENCODERS

• THE ENCODER OUTPUTS 𝜇𝑖 , LOG 𝜎𝑖
2

• THE SAMPLER GENERATE A GAUSSIAN POINT ~ 𝑁(𝜇, Σ)

•  𝜇 = 𝜇1, … , 𝜇𝑞
𝑇
, Σ = 𝑑𝑖𝑎𝑔(𝜎1

2, … 𝜎𝑞
2)

• A BIT SIMILAR TO ADDING NOISE LATENT FEATURES (BUT NOISE SCALE IS LEARNED)

• THE DECODER TURNS THIS SAMPLE INTO AN IMAGE

O
u

tp
u

t 
=

 
𝜇

, 𝑖
𝜎

𝑖2
𝑖=

1

𝑞

G
a

u
ss

ia
n

 S
a

m
p

le
r



TAMING AUTOENCODERS

• TRAINING OBJECTIVE:

• SMALL RECONSTRUCTION ERROR

• E.G., 𝐷𝑒𝑐 𝑆𝑎𝑚𝑝𝑙𝑒𝑟(𝐸𝑛𝑐 𝑥 ) − 𝑥 2
2

• REGULARIZE 

• MAKE 𝜇𝑖’S CLOSE TO 0 AND 𝜎𝑖
2’S (CLOSE TO 1)

• HOW?
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KL DIVERGENCE

• 𝐾𝐿(𝑝| 𝑞 = 𝐸𝑥~𝑝 LOG
𝑝 𝑥

𝑞 𝑥

• 𝐾𝐿(𝑝| 𝑞 = 0 ֞ 𝑝 = 𝑞

• 𝐾𝐿 ≥ 0

• 𝐾𝐿(𝑝| 𝑞 ≠ 𝐾𝐿(𝑞| 𝑝



KL DIVERGENCE

• 𝐾𝐿(𝑃| 𝑄 = 𝐸𝑥~𝑝 LOG
𝑝 𝑥

𝑞 𝑥

• UNIVARIATE GAUSSIANS

• 𝐾𝐿(𝑁 𝜇1, 𝜎1
2 ฮ𝑁 𝜇2, 𝜎2

2 ) = LOG
𝜎2

𝜎1
+

𝜎1
2+ 𝜇1−𝜇2

2

2𝜎2
2 −

1

2

• 𝐾𝐿(𝑁 𝜇1, 𝜎1
2 ԡ𝑁 0,1 ) =

1

2
−LOG 𝜎1

2 + 𝜎1
2 + 𝜇1

2 − 1

• UNCORRELATED GAUSSIANS

• 𝜇 = 𝜇1, … , 𝜇𝑞
𝑇
, Σ = 𝑑𝑖𝑎𝑔(𝜎1

2, … 𝜎𝑞
2)

• 𝐾𝐿 𝑁 𝜇, Σ ԡ𝑁 0, 𝐼 = σ𝑖=1
𝑞 1

2
−LOG 𝜎𝑖

2 + 𝜎𝑖
2 + 𝜇𝑖

2 − 1



SIMPLIFIED VARIATIONAL AUTOENCODER
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𝑥

𝐷𝑒𝑐 𝑆𝑎𝑚𝑝𝑙𝑒𝑟(𝐸𝑛𝑐 𝑥 ) − 𝑥 2
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VARIATIONAL AUTOENCODERS

• VAE’S ORIGINAL FORMULATION IS MORE COMPLICATED

• BASED ON EVIDENCE LOWER BOUND [ELBO], WHICH IS NOT 
COVERED IN THIS COURSE

• THE LATENT SPACE IS SOMETIMES INTERPRETABLE

• THE IMAGES ARE SOMETIMES BLURRY

• “GANS” CAN GENERATED SHARPER IMAGES
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