
Introduction

Training deep learning models requires large datasets, but data 

collection is costly.
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The data collection problem is to decide how much data to collect from each 

source to reach a target performance at minimal cost.

• At each stage 𝑡, we choose a cumulative labeled-count vector 𝒏𝑡 from 𝐾 sources.

• More data from any source should not worsen performance ∶ 𝒏0 ≤ 𝒏1 ≤ ⋯ ≤ 𝒏𝑇

Prior work formalizes this as a cost minimization problem:

Where 𝐹 𝒏 = 𝑃(𝑉 𝒏 ≥ 𝑉∗) is estimated via a parametric learning curve.

Challenge: 

• Parametric forms are valid only over restricted data ranges and extrapolate 

poorly.

• In multi-source settings, each source exhibits different and unknown scaling 

behavior, making a single parametric form even more restrictive.

• The failure probability penalty induces vanishing gradients, providing no 

optimization signal when performance is far below the target.

Monotonic Variational Gaussian Process

Contribution

• We propose a monotonic variational GP with virtual-derivative factors, 

enabling tractable posterior inference without requiring derivative 

observations.

• We develop an expected shortfall objective for target-driven data 

collection, with theoretical guarantees of non-vanishing gradient signals.

Method

1. Virtual derivative constraint 

Virtual binary variables 𝑠𝑗,𝑘 = 1 act as soft monotonicity constraints via a probit

likelihood – no derivative observations required.

2. Variational Inference

Joint inducing variables couple function values and coordinate-wise derivatives.

Expected Shortfall Objective

The full multi-stage objective replaces the failure probability penalty with 

expected shortfall 𝑆 𝒏 :

Theoretical Analysis

Experiments
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