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length 𝐿 = 5 

Horizon (Prediction) 
Length 𝐻 = 4
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Existing 
Online Time 
Series 
Forecasting 
(OTSF) 
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1. Information 
Leakage

2. Only allow to 
forecast one 
future step
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Two 
Problems
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At t = 11, ground truth at t = 11 becomes available.

At t = 12, ground truth at t = 12 becomes available. Information leak occurs.
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Redefined 
OTSF 
Setting
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At t = 10, 

At t = 11, ground truth at t = 11 becomes available. The model can use any data points with timestamps t ≤ 11 to 
update its parameters.
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At t = 14, ground truth at t ≤ 14 are available.
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When 𝐻 > 1, the 
ground truth for the 
most recent 
prediction is not 
fully accessible at 
the subsequent 
time step
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Challenges
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At t = 11, ground truth at t = 11 becomes available. The model can use any data points with timestamps t ≤ 11 to 
update its parameters.
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If we wait for all 
data to arrive…

The model cannot 
learn the latest 
information.
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At t = 11, ground truth at t = 11 becomes available. The model can use any data points with timestamps t ≤ 11 to 
update its parameters.
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If we update with 
partial ground 
truth…

The model may 
capture noise or 
anomalies
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At t = 10, 

At t = 11, ground truth at t = 11 becomes available. The model can use any data points with timestamps t ≤ 11 to 
update its parameters.

Prediction

Input

Model Update

Evaluation

t = 16t = 15t = 14t = 13t = 12t = 11t = 10t = 9t = 8t = 7t = 6

t = 16t = 15t = 14t = 13t = 12t = 11t = 10t = 9t = 8t = 7t = 6

At t = 14, ground truth at t ≤ 14 are available.

Prediction

Input

Model Update

Evaluation

t = 16t = 15t = 14t = 13t = 12t = 11t = 10t = 9t = 8t = 7t = 6

……



Residual Learning 
Strategy
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Dual-Stream 
Online 
Forecasting 
(DSOF) Teacher model

Student model

𝒙𝑡−𝐿 𝒙𝑡−𝐿+1 𝒙𝑡

ෝ𝒙(𝑻)𝒕+𝟏 ෝ𝒙(𝑻)𝒕+𝟐 ෝ𝒙(𝑻)𝒕+𝑯

ෝ𝒙(𝑺)𝒕+𝟏 ෝ𝒙(𝑺)𝒕+𝟐 ෝ𝒙(𝑺)𝒕+𝑯

Final Prediction

Input sequence

Refines 
predictions by 
estimating error

Combines the 
teacher and student 
model output

Generates coarse 
predictions

…

…

…



• Slow Data Stream with Experience Replay (ER)

• Works with a First-In-First-Out buffer: When ground truth 𝒙𝑖 arrives, append the 
newest sequence, and remove the oldest sample if buffer exceeds 𝑁𝒃 

• Updates both the teacher and student model

Slow stream: 
Works with 
complete ground 
truth sequences

Fast stream: 
Enhance near-
future forecasts 
without waiting for 
complete ground 
truth.
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Two Data 
Streams



At 𝑡 = 𝑖

𝒙𝑖

• Fast Data Stream with Temporal Difference (TD) Loss

Slow stream: 
Works with 
complete ground 
truth sequences

Fast stream: 
Enhance near-
future forecasts 
without waiting for 
complete ground 
truth.
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Two Data 
Streams

At 𝑡 = 𝑖 − 1,

1. Teacher-student model forecasts the next step, i.e. ෠𝑋 𝑖−1
𝑖:𝑖+𝐻−1

At 𝑡 = 𝑖,
1. Ground truth 𝒙𝑖 arrives. The latest input sequence is 𝑋𝑖−𝐿+1:𝑖.

2. Freeze parameters of the teacher model 𝜽 𝑇

3. Teacher model predicts ෠𝑋 𝑇,𝑖
𝑖+1:𝑖+𝐻

4. Construct the pseudo label ෨𝑋𝑖:𝑖+𝐻−1
𝑖

= [𝒙𝑖 , ෠𝑋𝑖+1:𝑖+𝐻−1
𝑇,𝑖

]

5. Compute the temporal difference loss

6. Update the parameters of student model 𝜽 𝑆

Pseudo 
Label

𝒙𝑖 ෝ𝒙 𝑻
𝑖+1 ෝ𝒙 𝑻

𝑖+𝐻−1…

At 𝑡 = 𝑖 − 1

Student Model

ෝ𝒙𝑖+𝐻−1

𝒙𝑖−𝐿 𝒙𝑖−𝐿+1 𝒙𝑖−1

ෝ𝒙𝑖 ෝ𝒙𝑖+1

…

…

Teacher Model

𝒙𝑖−𝐿+1 𝒙𝑖−𝐿+2 …

Teacher Model

… ෝ𝒙 𝑻
𝑖+𝐻ෝ𝒙 𝑻

𝑖+1 ෝ𝒙 𝑻
𝑖+2



Integrate batch 
learning methods 
into the DSOF 
framework
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Results



DSOF, with or 
without the student 
model, ranks 
among the top two 
online learning 
methods. 
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Results
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Conclusion

• Problems in existing OTSF works
• Information leakage

• Only allow to forecast one future step

• Challenges of the redefined setting
• Ground truth for the most recent prediction is not fully accessible 

at the subsequent time step

• Dual-Stream Online Forecasting (DSOF)
• Slow stream (complete information): Updates the model with 

experience replay

• Fast stream (immediate information): Updates the model with 
temporal difference loss

Fast and Slow Streams for Online Time Series Forecasting Without Information Leakage
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