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Experiments

BPROPT & SAUC> BCE: attributed to the benefit of considering relative order between 
positive items and negative items.
SAUC > BPROPT: SAUC not only considers the relative order of item pairs, but also 

optimizes the metric used for evaluation.
parameter-sensitive: it would be crucial to keep a trade-off between AUC 

approximation and an enough non-zero interval.
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Smoothing the Area Under the ROC Curve

Model Objection：
User-Item Interaction
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𝐴𝐴𝐴𝐴𝐵𝐵 𝑢𝑢 =
∑𝑢𝑢∈ 𝑃𝑃𝑢𝑢 ∑𝑗𝑗∈𝑁𝑁𝑢𝑢

𝕀𝕀 𝑠𝑠𝑢𝑢𝑢𝑢 > 𝑠𝑠𝑢𝑢𝑗𝑗
|𝑃𝑃𝑢𝑢| × |𝑁𝑁𝑢𝑢|

𝐿𝐿𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑠𝑠𝑢𝑢𝑢𝑢𝑙𝑙𝑙𝑙𝑙𝑙 𝑦𝑦𝑢𝑢𝑢𝑢 − (1 − 𝑠𝑠𝑢𝑢𝑢𝑢)𝑙𝑙𝑙𝑙𝑙𝑙 1 − 𝑦𝑦𝑢𝑢𝑢𝑢

𝑠𝑠𝑢𝑢𝑢𝑢 and 𝑦𝑦𝑢𝑢𝑢𝑢: the preference score and ground truth by user 𝑢𝑢 on item 𝑖𝑖.
P𝑢𝑢 and 𝑁𝑁𝑢𝑢: the positive and negative items.

The is an inconsistency 
between BCE loss and AUC.
Our Goal – Optimize a 

smoothed version of the 
AUC Metric.

AUC loss includes a non-differentiable 
Heaviside function.

We replace the Heaviside function by a 
sigmoid function 𝒮𝒮(𝑥𝑥; 𝜏𝜏)

ℒ𝐴𝐴𝐴𝐴𝐵𝐵 ∝ 𝐻𝐻(𝑥𝑥) = �0 if 𝑥𝑥 < 0
1 if 𝑥𝑥 ≥ 0

ℒ𝑆𝑆𝐴𝐴𝐴𝐴𝐵𝐵 ∝ 𝒮𝒮(𝑥𝑥; 𝜏𝜏) =
1

1 + 𝑒𝑒−
𝑥𝑥
𝜏𝜏

Compared with BCE loss, Smooth-AUC loss is closer to true AUC loss
Smooth-AUC is a plug-and-play objective that can be utilized by any 

DNNs-based CTR model

Smooth-AUC optimizes a ranking metric

Click-through rate (CTR) prediction is a crucial task in many 
recommendation applications.
For Most existing DNNs-based CTR models, BCE is the 

common loss, AUC is the common metric.
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