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Background01
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ØUser Modeling
Ø An important basis to capture useful potential characteristics with the reliance on 

personal data
Ø User modeling has been applied to multiple typical, such as modeling capabilities to 

preferences from users
Ø User modeling processes usually centralized training with data aggregated, which causes 

privacy leakage

ØFederated Leaning/Personalized Federated Learning
Ø Federated Leaning (FL) refers to building and aggregating user models while leaving 

private data isolated so that preserves the data privacy
Ø Due to limited local data samples, Personalized Federated Learning (pFL) can obtain 

customize local models to fit the local dataset
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02 Problems and Design Intuition
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Ø Existing pFL studies use averaged learning accuracy to 
evaluate their proposed algorithms.

Ø Existing pFL studies cannot efficiently protect the clients                                                           
with poor performance.  

Ø Existing pFL studies can be divided by two schemes: with or                                                
without global model.

These poor clients may be generated by the biased learned universal information. 
Hence, we aim to design a strategy to moderate this biased phenomenon.

Contributions: 
Ø Present the reason why we need to focus on the poor performance clients.
Ø Design a personalize locally generalize universally strategy to moderate the biased universal information.
Ø Propose three PLGU-based algorithms on two pFL schemes.
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03 Personalize Locally Generalize Universally (PLGU)
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Personalization score 𝜉𝑖,𝑙
𝑡  of the scaling matrix 𝜦𝑖 is

𝜉𝑖,𝑙
𝑡 =

!𝜽𝑖,𝑙
𝑡 − "𝒘𝑙

𝑡

dim("𝒘𝑙
𝑡)

!𝜽𝑖,𝑙
𝑡  and "𝒘𝑙

𝑡 are the model parameters at the 𝑙-th layer of the personalized model 
!𝜽𝑖,𝑙

𝑡  and the global model "𝒘𝑙
𝑡. 

dim(∙) denotes the number of parameters on layer 𝑙, which can normalize the 
values as ∑𝑙=1

𝐿 𝜉𝑖,𝑙
𝑡 = 1
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03 Personalize Locally Generalize Universally (PLGU)
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Layer-Wised Sharpness Aware Minimization (LWSAM):

Let 𝜦𝑖 denote a diagonal 𝐿×𝐿 matrix, 𝜦𝑖 = diag(𝜉𝑖,1, . . . ,𝜉𝑖,𝐿), where 𝜉𝑖,𝑙 
is the layer personalization score. We apply the adopted scaling method to the 
inner maximization of SAM 

𝐹𝒟𝑖($𝜽𝑖) = max
𝜦𝑖𝝐𝑖 ≤𝜚

𝐹𝒟𝑖 (𝜽𝑖 + 𝜦𝑖𝝐𝑖),

where 𝜽𝑖 is personalized model, 𝜚 is the radius, $𝜽𝑖=𝜽𝑖 + 𝝐𝑖. The approximate 
inner solution of LWSAM is

"𝝐𝑖 = 𝜚𝑠𝑖𝑔𝑛(𝛻𝜽𝑖𝐹𝒟𝑖(𝜽𝑖))𝜦𝑖
𝛻𝜽𝑖𝐹𝒟𝑖(𝜽𝑖)
𝛻𝜽𝑖𝐹𝒟𝑖(𝜽𝑖)

It provides the layer-wise calculate of "𝝐𝑖 to scale up the batch size on client 𝑖.
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03 Personalize Locally Generalize Globally

自 强 不 息 厚 德 载 物
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04 PLGU-Layer Freezing (PLGU-LF)
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The objective of PLGU-LF is:

min
𝒘, 𝜽𝑖 𝑖=1

𝑁
max

𝜦𝑖𝝐𝑖≤𝜌 𝑖=1
𝑁

1
𝑁%

𝑖=1

𝑁

𝐹𝑖 "𝒘; !𝜽𝑖

where "𝒘 = 𝒘 + &𝝐𝑖, !𝜽𝑖 = 𝜽𝑖 + '𝝐𝑖

The generalization bound of PLGU-LF is:

𝑂!

"

𝛽!

"

𝐵 𝐿∏𝑙∈ℒ 𝑀𝑙

𝛾 𝑚
+

𝐵 + 𝜌 𝑑 𝐿 log𝐿∏𝑙∈ℒ 𝑀𝑙

𝛾 𝑚
+

𝐵 𝐿∏𝑙∈ℒ 𝑀𝑙

𝛾 ̂𝑚

+
𝑑𝐷(𝐿−) log𝐷∏𝑙∈ℒ𝑃𝑒𝑟 𝐵𝑀𝑙 log(L − D)∏𝑙∈ℒ𝑈𝑛𝑖(𝐵 + 𝜌)𝑀𝑙

𝛾𝑁 ̂𝑚
+ 𝐵 log1/𝛾
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04 PLGU-Generalized Representation (PLGU-GRep)
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The objective of PLGU-GRep is:

min
𝝓∈𝛷

max
𝜦𝑖𝝐𝑖≤𝜌 𝑖=1

𝑁

1
𝑁%

𝑖=1

𝑁

max
𝒉𝑖∈ℋ

𝐹𝑖 𝒉𝑖,𝝓

The generalization bound of PLGU-GRep is:

𝑂!

"

𝛽!

"

𝛽𝝓(𝐵 + 𝜌)𝑑 (𝐿 − 1) log(𝐿 − 1)∏𝑙∈ℒ𝝓 𝑀𝑙

𝛾 𝑚
+

𝛽𝒉𝐵 𝐿𝑀ℎ

𝛾𝑁 ̂𝑚

+
𝛽𝝓 𝐵 + 𝜌 𝑑 (𝐿 − 1) log(𝐿 − 1)∏𝑙∈ℒ𝝓 𝑀𝑙

𝛾𝑁 ̂𝑚
+ 𝑚 log1/𝛾
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04 PLGU-Generalized Hypernetwork (PLGU-GHN)
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The objective of PLGU-GHN is:

min
𝝓∈𝛷, 𝒗𝑖 𝑖=1

𝑁
max

𝝐≤𝜌 𝑖=1
𝑁

1
𝑁%

𝑖=1

𝑁

𝐹𝑖(ℎ 𝒗𝑖,𝝓 + 𝝐 )

The generalization bound of PLGU-GRep is:

𝑂%

&

𝛽
𝛽𝒗𝐵 𝐿∏𝑙∈ℒ 𝑀𝑙

𝛾 𝑚
+

𝛽𝒉𝑅 𝐿ℎ ∏𝑙∈ℒℎ
𝑀𝑙

ℎ

𝛾𝑁 ̂𝑚
+

𝑅 + 𝜌 𝑑ℎ 𝐿ℎ log𝐿ℎ ∏𝑙∈ℒℎ
𝑀𝑙

ℎ

𝛾 𝑁

+ 2
log1/𝛾

𝑁
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05 Experiments
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05 Experiments
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Thank you!


