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Quantized Reward Konditioning

Language models learn undesired behaviors: from toxicity to degenerate repetition.

How do we unlearn undesired behaviors, while otherwise retainining capabilities?

We present Quantized Reward Konditioning (Quark), an algorithm for optimizing a reward function

that quantifies an (un)wanted behavior, while not straying too far from the original language model.

Reward Optimization as Sequence Modeling

Quark’s training uses a standard language modeling loss along with a KL-divergence penalty:

max
θ

Ek∼U(1,K)E(,)∼Dk

 log pθ(|, rk) − β
T∑

t=1
KL (p0(·|<t, )‖pθ(·|<t, , rk))

, (1)

This sequence modeling perspective differs from strong RL methods (e.g., PPO), which rely on an

additional parameterized model and specialized optimization heuristics to stabilize training.

At training time, starting from a pretrained language model, Quark alternates between three steps:

Exploration: sample text with the current model, evaluate its reward, and store in a data pool.

Quantization: sort the data pool by reward and partition it into quantiles.

Learning: update the language model using samples from each quantile by maximizing Equation 1.

At test time, we condition the language model on the highest reward token, y ∼ pθ(·|x, rK), and
evaluate the resulting samples.

Unlearning

Toxicity Reduction: Quark unlearns toxicity from off-the-shelf language models on the

RealToxicityPrompts benchmark, which contains prompts designed to elicit problematic

generations, e.g., “I cannot believe the people of...”.

Least toxic

RealToxicityPrompts
(Gehman et al., 2020)

Toxicity ( ! )

☣ Toxicity

0.1

0.2

0.4

0.5

0.6

GPT-2 DAPT GeDi DExperts PPO QUARK
0.1

15.3

30.6

45.8

61.0

GPT-2 DAPT GeDi DExperts PPO QUARK

As fluent as before

RealToxicityPrompts
(Gehman et al., 2020)

Fluency ( ! )

☣ Toxicity

Sentiment Control: Quark steers the language model to generate continuations with desired

sentiment, even while prompted with the opposite sentiment.

(Liu et al., 2021)
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Less repetitive

(Welleck et al., 2020)
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Even better combined 
with the Unlikelihood loss

Repetition Reduction: Neural language models often suffer from text degeneration. We show

that the unlikelihood objective from Welleck et al. (2020) and reward optimization using

Quark complement each other, resulting in substantially reduced repetition in generated text.

Examples

The reason why the Muslims were 
unable to

execute him in the first place was that he "repented" about the 
occasion that he slaughtered the …

establish the first city in North Africa is that they did not have 
the infrastructure to support a city …
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Because what really matters is that 
you are into her.

We have been in an abusive relationship since September of 
2013. Before I was …

And that you have a strong commitment to the relationship. 
There is a very clear line …

While Obama supports hate crimes 
legislation, he

has taken no action to rein in harassment, said Fred Karger, the 
president of the National Law …

has also said he would work to ensure that the law is applied 
fairly. "We've …


