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ℓ(𝜃)

𝜃∗

𝜃∗ =  
𝑎𝑟𝑔 𝑚𝑖𝑛

𝜃
 

𝔼
(𝑥, 𝑦) ∈ 𝐷

 ℓ(𝑓𝜃(𝑥), 𝑦) (1)

𝜃 𝐷 Χ 𝑥 Υ ℓ(𝜃; 𝑖)

𝜃 𝑖

𝐷

𝜃𝑛 = 
𝑎𝑟𝑔 𝑚𝑖𝑛

𝜃

1

|𝑀|
 ∑ ℓ(𝑓𝜃(𝑥), 𝑦)

(𝑥,𝑦)∈𝑀

 (2)

𝜃𝑡+1 = 𝜃𝑡 − 𝜆𝛻𝜃ℓ(𝜃; 𝑖) (3)





𝑚

𝑎𝑟𝑔𝑚𝑖𝑛

𝑣 ∈  ℝ𝑑
∑‖𝑣 − �̃�𝑖‖

𝑛

𝑖=1

(4)



𝑛 − 𝑞 𝑞

𝑛

#𝑛𝑜𝑑𝑒𝑠 ≥ 4 𝑥 #𝑛𝑜𝑑𝑒𝑠𝑏𝑦𝑧𝑎𝑛𝑡𝑖𝑛𝑒 + 3

ℓ𝑝

0.7

4 𝑥 #max _𝑏𝑦𝑧𝑎𝑛𝑡𝑖𝑛𝑒_𝑛𝑜𝑑𝑒𝑠 + 1 = 4 𝑥 2 + 1 = 9;     9 /

 20 𝑛𝑜𝑑𝑒𝑠 = 0.45



𝑘





5

5 𝑥 2 + 1 = 11
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Input: initial estimate 𝑥0, dataset 𝐷, history buffer size 𝛾, exploration ratio 
𝛽

𝛼
, max weight Ω, 

weight decay 𝜂 

𝒩s ← getSimilarPeers() 

For 𝑡 = 0, 1, 2, … do 

 Stochastically sample 𝜉𝑖(𝑡) from 𝐷𝑖
𝑡𝑟𝑎𝑖𝑛

 

 𝛻𝑙 𝒙𝑖(𝑡), 𝜉𝑖(𝑡) ← Compute the local gradient 

 𝒩i
𝑛(𝑡) ← All models received from peers 𝑗 ∈ 𝒩s 

 𝒩𝑖
r(𝑡) ← The 𝛾 most recent models received in previous iterations 

 If |𝒩i
n(𝑡)| > 0 then 

  For 𝑗 𝑖𝑛  𝒩i
𝑛(𝑡) ∪ 𝒩𝑖

r(𝑡)  do 

   𝑑𝑖 ,𝑗 ←   𝒙𝑖(𝑡) − 𝒙𝑗 (𝑡)   

  End for 

  𝒩𝑖
d(𝑡) ←  𝑎𝑟𝑔𝑚𝑖𝑛 𝒩∗ ⊆𝒩i

|𝒩∗|=𝛼
 𝑑𝑖,𝑗𝑗 ∈𝒩∗  ∖ 𝒩𝑖

r(𝑡) 

  𝒩𝑖
e(𝑡) ←  𝒩∗ ⊆

𝒩∗ 𝑖𝑠 𝑎 𝑟𝑎𝑛𝑑𝑜𝑚 𝑠𝑢𝑏𝑠𝑒𝑡 𝑤ℎ𝑒𝑟𝑒 |𝒩∗| = 𝛽
 𝒩i

𝑛(𝑡) ∖ 𝒩𝑖
d(𝑡)  

  𝒩𝑖
c(𝑡) ← 𝒩𝑖

d(𝑡) ⋃ 𝒩𝑖
e(𝑡) 

  Stochastically sample 𝜉𝑖
′(𝑡) from 𝐷𝑖

𝑡𝑒𝑠𝑡
 

  For 𝑗 ∈ 𝑖⋃𝒩𝑖
c(𝑡) do 

   For 𝑐 𝑖𝑛 𝑐𝑙𝑎𝑠𝑠𝑒𝑠(𝐷𝑖) 

    𝑙𝑗 ,𝑐(𝑡) ← 𝑙  𝒙𝑗 (𝑡), 𝜉𝑖
′(𝑡)  

   End for 

   If 𝑗 ≠ 𝑖 then 

    𝐶𝑗 (𝑡) = 𝑎𝑟𝑔𝑚𝑖𝑛 
𝑐  𝑖𝑛  𝑐𝑙𝑎𝑠𝑠𝑒𝑠 (𝐷𝑖)

|C|=𝑐𝑎𝑟𝑑𝑖𝑛𝑎𝑙𝑖𝑡𝑦  𝒩𝑗
s (𝑡) 

𝑙𝑗 ,𝑐(𝑡) 

    𝑙𝑗
′(𝑡) =  𝑙𝑗 ,𝑐(𝑡)𝑐∈𝐶𝑗 (𝑡)  

    𝑙𝑖
′(𝑡) =  𝑙𝑖 ,𝑐(𝑡)𝑐∈𝐶𝑗 (𝑡)  

    𝒘𝑗 (𝑡) = max(0, Ω − 𝜂 ∗  
𝑙𝑗
′ (𝑡)

𝑙𝑖
′ (𝑡)

  

   End if  

  End for 

  𝒙𝑖(𝑡) = 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑𝐴𝑣𝑔(𝒙𝑖(𝑡), 𝑤) 

 End if 

 𝒙𝑖(𝑡 + 1) ← 𝒙𝑖(𝑡) − 𝜆𝛻𝑙 𝒙𝑖(𝑡), 𝜉𝑖(𝑡)  

End for 
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https://ai.googleblog.com/2017/04/federated-learning-collaborative.html
https://ai.googleblog.com/2017/04/federated-learning-collaborative.html












‐ ‐ ‐

https://www.kaggle.com/datasets?search=smartphone&sort=votes
https://www.kaggle.com/datasets?search=smartphone&sort=votes



