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Learning Discourse-level Diversity for Neural Dialog Models using 
Conditional Variational Autoencoders, ACL 2017



Dialog model ?

How are you ?
I’ m 3 years 

old.

What’s your 
favorite food ?

Electricity.



Baseline

Encoder Decoder

How old are you ?

I’m 3 years old.

history


other information

A neural conversational model, Vinyals O, Le Q. , 2015 ICML Workshop

context



Problem

one-to-many

Seq2Seq:


The model tends to generate safe answers, like:


I don’t know.[1]

[1]Li J, Galley M, Brockett C, et al. A diversity-promoting objective function for neural conversation models, NAACL 2016



Solution

context

sentence space

sample
response



CVAE for Dialog Generation: Training

x z x’E G

log P(x) − 𝒟[Q(z |x)∥P(z |x)] = Ez∼Q[log P(x |z)] − 𝒟[Q(z |x)∥P(z)]

response
sentence spacec

log P(x |c) − 𝒟[Q(z |x, c)∥P(z |x, c)] = Ez∼Q(x,c)[log P(x |z, c)] − 𝒟[Q(z |x, c)∥P(z |c)]

context



CVAE for Dialog Generation: Inference

z x’E G

response
sentence spacec

context



Knowledge-Guided CVAE (kgCVAE)

context

dialog act

act_4

act_3
act_2

act_1



Knowledge-Guided CVAE (kgCVAE): Training

ℒCVAE = Ez∼Q(x,c)[log P(x |z, c)] − 𝒟[Q(z |x, c)∥P(z |c)]

x z x’E G

c

y

y’

ℒkgCVAE = Ez∼Q(x,c,y)[log P(x |z, c, y)] − 𝒟[Q(z |x, c, y)∥P(z |c)] + Ez∼Q(x,c,y)[log p(y |z, c)]



Knowledge-Guided CVAE (kgCVAE): Inference

z xE G

c y’



Optimization Challenges: vanishing latent variable problem  

x’G

c

x zE

Bowman S R, Vilnis L, Vinyals O, et al. Generating sentences from a continuous space, CONLL 2016

ℒ = Ez∼Q(x,c)[log P(x |z, c)] − 𝒟[Q(z |x, c)∥P(z |c)]

0



Optimization Challenges: solution 1 

x’G

c

x zE

Bowman S R, Vilnis L, Vinyals O, et al. Generating sentences from a continuous space, CONLL 2016

ℒ = Ez∼Q(x,c)[log P(x |z, c)] − λ𝒟[Q(z |x, c)∥P(z |c)]



Optimization Challenges: solution 2 

x’G

c

x zE

Bowman S R, Vilnis L, Vinyals O, et al. Generating sentences from a continuous space, CONLL 2016

ℒ = Ez∼Q(x,c)[log P(x |z, c)] − λ𝒟[Q(z |x, c)∥P(z |c)]

x 
bag_of_word

solution2: 

+ℒbow

global information

<bos> x1 x2

x1’ x2’ x3’



Experiments: diversity

precision(c) =
∑N

i=1 maxj∈[1,Mc] d (rj, hi)
N

recall(c) =
∑Mc

j=1 maxi∈[1,N] d (rj, hi))
Mc

reference responses
generated responses

context → golden : (r1, ⋯, rMC
)

context → predict : (h1, ⋯, hN)



Experiments: z space



Experiments: bow loss



QA


