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Smooth-AUC: Smoothing the Path Towards Rank-based CTR Prediction

Click-Through Rate Prediction

ØClick-through rate (CTR) prediction is a 
crucial task in many recommendation 
applications.

ØFor most existing DNNs-based CTR models, 
BCE is the common learning objective and 
AUC is the widely used metric
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𝑠!" and 𝑦!": the preference score and ground truth by user 𝑢 on item 𝑖. P𝑢 and 𝑁𝑢: the positive and negative items.

ØThe is an inconsistency between BCE 
loss and AUC

ØOur Goal – Optimize a smoothed version of the 
AUC Metric

Measuring CTR Estimation Performance
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ØAUC loss includes a non-differentiable Heaviside function

ØWe replace the Heaviside function 𝐻(𝑥) by a sigmoid 
function 𝒮 𝑥; 𝜏

ℒ/01 ∝ 𝐻(𝑥) = +0 if 𝑥 < 0
1 if 𝑥 ≥ 0

ℒ2/01 ∝ 𝒮(𝑥; 𝜏) =
1

1 + 𝑒3
4
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Smoothing the Area Under the ROC Curve
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ØCompared with BCE loss, Smooth-AUC loss 
is closer to the true AUC loss

ØSmooth-AUC is a plug-and-play objective that can 
be utilized by any DNNs-based CTR model

ØSmooth-AUC optimizes a ranking metric
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ØDatasets

• CiteULike-a1 —— papers management domain
• YiDian2 —— news recommendation domain

ØBackbone models

ØMetrics

• DeepFM[1]

• FiBiNET[2]

• ONN[3]

• AUC
• MRR
• Precision

1: https://citeulike.org/
2: https://tech.yidianzixun.com/competition/#/
[1]: DeepFM: A Factorization-Machine based Neural Network for CTR Prediction. In IJCAI 2017.
[2]: FiBiNET: combining feature importance and bilinear feature interaction for click-through rate prediction. RecSys 2019.
[3]: Operation-aware Neural Networks for user response prediction. Neural Networks 2020.

Experiments
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ØBPROPT & SAUC> BCE: attributed to the benefit of considering relative order between 
positive items and negative items.

ØSAUC > BPROPT: SAUC not only considers the relative order of item pairs, but also 
optimizes the metric used for evaluation.
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