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Under what conditions is
sample-efficient learning
from pairwise comparisons
possible?



Learning Set-up

Output : u(x) = WT¢(X),||W||1 =1,w >0, ¢(x) € [0,1]"

Input: @ — {(xi’ xi,a yi)}?zl



Random Utility Model

i) = ulx) + C(x) x> xif a(x") > i(x)

Pr(x">x)=F (WTA¢(X)), A 4(x) = o(x") — ¢(x), and
F be the cdf of { = {(¢(x)) — {(P(x"))




Passive—PAC Learning from Pairwise Comparisons (PAC-PC)
Given a noise distribution { ~ @, for any input distribution &,

Ve,o € (0,1), whenever n > ny(e, o),
the learning algorithm &/ ({ (x;, x;, y;) }._) with (x;, x{) ~ SPi.i.d.,
And y: follows the RUM with @,

returns i with probability at least 1 — 0,

such that e(it, u) < € under the same distribution 2.

Efficient if n,(€, 0) is polynomial in s VCAdim(%) = m
€



Active learning

We Interact with the oracle



Preference prediction:

e (U,u) = Pr (Z,;t(x, x') # Z (x, x’))
(x,x )~

Parameter Estimation:

er(i, u) = ||[w— w7

Noise-free

RUM
noisy

Passive |Preference
Learning | prediction
Parameter

Estimation

Active |Preference
Learning | prediction

Parameter

Estimation




Preference prediction w.o. noise:

Ay(x) == p(x') — P(x)

y = sign(wA ,(x))

Noise-free RUM noisy
Passive Preference Easy,LP/
: . Perceptron/
Learning prediction SVM
Parameter
Estimation
Active Preference
Learning prediction
Parameter

Estimation




Active learning is not harder than passive learning.

Noise-free RUM noisy

: : Preference
Passive Learning srediction Easy

Parameter
Estimation

Active Learning I;rreefgig?cc):ne Easy

Parameter
Estimation

Alabdulmohsin, Ibrahim, Xin Gao, and Xiangliang Zhang. "Efficient active learning of halfspaces via query
synthesis." Proceedings of the AAAIl Conference on Artificial Intelligence. Vol. 29. No. 1. 2015.
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Preference prediction with noise:

(Negative Result). Without any restrictions on the data distribution, we

are unable to bound the noise, I1.e. the probability of receilving a wrong

|
label #(x) from —. Efficient learning is impossible.

2

1 :
Tsybakov Noise Pr [r/(x) > — —t]| L AfT-«
X~ 2

Diakonikolas, llias, et al. "Efficiently learning halfspaces with tsybakov noise." 2021. Tsybakov
Halfspaces under Well-Behaved Distributions
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Noise-free RUM noisy
Efficient under well-
. . Preference behaved distribution+
Passive Learning . Easy . :
prediction polynomial c.d.f. inverse
bound
Parameter
Estimation
Preference Efficient under
Active Learning . .. Easy distribution+noise
prediction :
assumptions
Parameter

Estimation
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Passive Parameter Estimation w.o. noise:

Counterexamples:
1.Dirac distribution

2.Consider a dataset with each pair
satisfying |
px)' — dp(x)' > 0 Vi € [1,m]

Then by assumption w > 0, the
labels will all be 0, which wouldn’t
give us any information.

Noise-free RUM noisy
Passive Preference Polyn.omlal
: . Easy With
Learning prediction .
assumptions
Parameter Hard
Estimation
Preference Polynomial
Active Learning . Easy With
prediction .
assumptions
Parameter

Estimation
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Passive Parameter Estimation with noise:

Negative result: Dirac

3 = = m + log(1/0)
Positive: Ilw—w*nzsc.\/;,

[1]. Banghua Zhu, Michael Jordan, Jiantao Jiao. 2023 ICML . Principled reinforcement
learning with human feedback from pairwise or k-wise comparisons



Remark: So having noise could either help or challenge the learning problem.

15



Noise-free RUM noisy
Preference Polynomial
Passive Learning - Easy With
prediction .
assumptions
Parameter Hard Poly r?;)mlal "
Estimation SPeclic cases
Preference Polynomial
Active Learning . Easy With
prediction .
assumptions
Parameter

Estimation
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Active Parameter Estimation w.o. noise:

m

Sample complexity: O(m log( )

€




Active Parameter Estimation with noise:

Idea: use repetitive queries

1 1 €
o( log(=)).py = F( ) > 1/2

(po — 1/2)? \/m—l
Eg. For BI, passive V.S. active
1 1 1 1
@(;(log(g) +m)) O( log(—))

£ )
exp( \/%)
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Noise-free RUM noisy
Passive Preference Polyn.omlal
: . Easy With
Learning prediction .
assumptions
Parameter
Estimation
Preference Polynomial
Active Learning - Easy With
prediction .
assumptions
Parameter Polynomial
Estimation Easy when 1/F is

polynomial
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Takeaways:

1. Not impossible!
2. Prediction I1s easier than estimation.

3. Some noise model can help with learning. But what model?

4. Active learning Is promising.
But how to make sure your made-up queries are meaningful?



Axioms for Al Alignment from Human Feedback
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Abstract

In the context of reinforcement learning from human feedback (RLHF), the reward
function 1s generally derived from maximum likelihood estimation of a random
utility model based on pairwise comparisons made by humans. The problem of
learning a reward function is one of preference aggregation that, we argue, largely
falls within the scope of social choice theory. From this perspective, we can eval-
uate different aggregation methods via established axioms, examining whether
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