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When shall I buy CAD
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Image Captured from Google Finance

• Fuyuan plans to attend the KDD

• He needs to buy 100 CAD cash

• When is the optimal timing?

Max: 5.261

Min: 5.239

Diff = 100 * (5.261 – 5.239) = 2.2 CNY

≈ 0.5 *



When shall Tencent buy CAD
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Image Captured from Google Finance

Max: 5.261

Min: 5.239

Diff = 100M * (5.261 – 5.239) = 2.2 M CNY

≈ 0.5M *

As the volume increase, the gap 
becomes non-neglectable



Business Background
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Image Captured from Google Finance

• WeChat Pay Oversea is 24/7 
available.

• But Currency Market is not.
• This requires WeChat to serve as 

an exchanger sometime.
• The exchange volume on 

weekend is particularly high!
• Need to buy huge cash reserve 

before Friday.



Predict-then-Optimize
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F. A. over Assets F. A. over Time

E.g. Buy 1k USD over Friday 

Definition: Buy certain amount of assets 
over a period of time, while its price varies.



Predict-then-Optimize
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F. A. over Assets F. A. over Time

E.g. Buy 1k USD over Friday 

A Predict-then-Optimize (PtO) framework: 

• A forecasting model: yT = 𝑀 𝑥𝑇

• An allocation model: min
a

a ∗ yT, s. t. ∑𝑎 = 1

Definition: Buy certain amount of assets 
over a period of time, while its price varies.



Why not two-stage
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A Predict-then-Optimize (PtO) framework: 

• A forecasting model: yT = 𝑀 𝑥𝑇

• An allocation model: min
a

a ∗ yT, s. t. ∑𝑎 = 1

Goal Mismatch

Prediction: Green > Red

Optimization: Red > Green
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Why not two-stage
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A Predict-then-Optimize (PtO) framework: 

• A forecasting model: yT = 𝑀 𝑥𝑇

• An allocation model: min
a

a ∗ yT, s. t. ∑𝑎 = 1

Goal Mismatch

Prediction: Green > Red

Optimization: Red > Green

Require a new training framework to “backprop” 

optimization feedback into training of prediction



RTS-PnO
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• Goal Mismatch between prediction and allocation stages



RTS-PnO
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• Goal Mismatch between prediction and allocation stages

• Apply the SPO+[1] loss to time series for goal alignment

𝑙𝑜 𝑎∗ ො𝑦𝑇 , 𝑎 𝑦𝑇 ≜ 2𝑎∗ 𝑦𝑇 ො𝑦𝑇 − 𝑎∗ 𝑦𝑇 𝑦𝑇 + max
𝑎∈𝐴

{𝑎𝑦𝑇 − 2𝑎 ො𝑦𝑇}

𝐿𝑜 =
1

|𝐷|
min
𝑀(∙)

෍

𝐷

𝑙𝑜(𝑎
∗ ො𝑦𝑇 , 𝑎(𝑦𝑇))

[1] Elmachtoub, Adam N., and Paul Grigas. "Smart “predict, then optimize”." Management Science 68.1 (2022): 9-26.



Uncertainty of Forecasting
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• The uncertainty of forecasting varies across steps



Uncertainty of Forecasting
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• The uncertainty of forecasting varies across steps

• Positional-aware risk on forecasting



Why not a fixed threshold
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The threshold varies during training phase



Evaluation
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Setup: 

• Datasets: 4 * Currency + 2 * Stock + 2 * Cryptos

• Backbone: PatchTST

regret ≜ |𝑎∗(𝑦𝑇) ∙ 𝑦𝑇 − 𝑎∗(ො𝑦𝑇) ∙ 𝑦𝑇|

R. R.≜
regret

|𝑎∗(𝑦𝑇) ∙ 𝑦𝑇|



Evaluation
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• RTS-PnO proves to be effective: RTS-PnO > others

• Forecasting-Only not reliable: others > Forecasting-Only

• Risk-Avoid is effective: Good on Stock & Crypto



Evaluation
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• RTS-PnO is model-agnostic: Good on other TS models



Ablation
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• Ablation on Risk Threshold: Adaptive > Fixed

• Ablation on Prediction Performance: Sacrifice the prediction accuracy



Efficiency Analysis
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• Increase on both training and inference time

• Inference increase due to the additional allocation stage

• Training increase due to the additional proxy loss



Online Experiment
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• Tencent requires to provide oversea services to customers during weekend

• A 8.4% decrease in terms of relative regret 



Summary

1. Asset Allocation over Time

2. RTS-PnO:

- Predict-and-Optimize framework

- Adaptive risk-aware allocation

3. Evaluation on offline Financial AI datasets and online experiment
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Thanks for listening!

1. Asset Allocation over Time

2. RTS-PnO:

- Predict-and-Optimize framework

- Adaptive risk-aware allocation

3. Evaluation on offline Financial AI datasets and online experiment

Code available at https://github.com/fuyuanlyu/RTS-PnO
22

https://github.com/fuyuanlyu/RTS-PnO
https://github.com/fuyuanlyu/RTS-PnO
https://github.com/fuyuanlyu/RTS-PnO
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