
FedGTP：
Exploiting Inter-Client Spatial Dependency in 
Federated Graph-based Traffic Prediction

29 Aug 2024



ADS
TRACK

FedGTP
Exploiting Inter-Client Spatial Dependency in 
Federated Graph-based Traffic Prediction

by:

Linghua Yang(Beihang University);
Wantong Chen(Beihang University); 

Xiaoxi He(University of Macao); 
Shuyue Wei(Beihang University); 

Yi Xu(Beihang University); 
Zimu Zhou(City University of Hong Kong);

Yongxin Tong(Beihang University); 



Traffic Flow
Prediction

Traffic Demand
Prediction

Traffic Speed
Prediction

Road Occupancy
Prediction

Tasks Applications

Optimizing
Urban Mobility

Reducing
Congestion

Enhancing
Road Safety

Protecting
Environment

Traffic Prediction



Temporal

Type1: Crossing Point as Unit

Type2: Road Segment as Unit

Historical traffic series within each unit
(traffic speed at crossing, traffic flow in road segments…)

Spatial

Spatial dependency between each unit
(geographical connections, semantic association…)

tim
eline

Nodes: Unit of Prediction with Temporal Data
Edges: Spatial Dependency between Units 

Spatiotemporal Graph

Graph-based
Traffic Prediction

STGNNs!
Unit of Prediction



General STGNNs
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Gated Recurrent Unit (GRU)

GCN
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Temporal Module

Spatial Module



Spatial Dependency

Spatial dependency
is important

(Take geographical connections
as an example…)

Inter-cluster
connections



Spatiotemporal Graph

Fragmentation

Privacy Constraints



Decentralized STGNNs

𝑨 =
𝑨!! 𝑨!" 𝑨!#
𝑨"! 𝑨"" 𝑨"#
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Client 1

Client 2

Client 3

Inter-client
spatial dependency

Intra-client
spatial dependency

One typical Gate

Fragmented Spatiotemporal Graph



Existing FedSTGNNs

Inter-client
spatial dependency
is unexploited ！

FedSTGNNs
overlooking inter-client spatial dependencies

𝑨!! 𝑨"" 𝑨##

FedAvg

Global Model

Local
Models

Local
Data

∆𝑤
∆𝑤 ∆𝑤
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FedSTGNNs
using only the predefined and public

part of spatial dependencies

𝑨!! 𝑨"" 𝑨##

Server

Local
Data

Spatial Module

Temporal Module

𝒉(#) 𝒉(,) 𝒉(-)

Public and predefined
spatial dependency

is biased！
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Inter-Client Spatial Dependency Reconstruction
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Adaptive GCN

Predefined GCN
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Adaptive GCN

Predefined GCN

𝜎 ' = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥 𝑅𝑒𝐿𝑈 '

𝑬. will reveal the intra-client

spatial dependency by 𝑬. ' 𝑬./

Cannot be directly shared !

Normalization seems

hard to compute separately !



Decomposition Mechanism

𝔃! = 𝜎 𝑰" + 𝜎 .𝑨 + 𝑿!||𝒉!#$ + 𝑾𝓏

𝒁$ = 𝑯$ + 𝜎 𝑬$ + 𝑬$) 𝑬$ + 𝑬%) 𝑬$ + 𝑬*)
𝑯$
𝑯%
𝑯*

From one client’s
Perspective alone

𝜎 ' = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥 𝑅𝑒𝐿𝑈 '
can be Taylor expanded into 
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Plan A：SprtReLU

𝒁# ≈ 𝑯# + 𝑅𝑒𝐿𝑈 𝑬# ' 𝑬#/ 𝑬# ' 𝑬,/ 𝑬# ' 𝑬-/
𝑯#
𝑯,
𝑯-

𝜎 ' = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥 𝑅𝑒𝐿𝑈 '

≈ 𝑯# + 𝑅𝑒𝐿𝑈 𝑬# ' 𝑅𝑒𝐿𝑈 C
42#

5

𝑬4/𝑯4

Plan B：AdptPoLU

𝒁# ≈ 𝑯# + 𝒫0 𝑬# ' 𝑬#/ 𝑬# ' 𝑬,/ 𝑬# ' 𝑬-/
𝑯#
𝑯,
𝑯-

= 𝑯# + 𝑷# ' ℱ0 𝑬# 'C
42#

5

ℱ0/ 𝑬4 ' 𝑯4

Get rid of the SoftMax 
and separate ReLU 
anyway!

ℱ0 ' = ⨂1 ' 123
0

⨂! "  transforms a matrix from 
ℝ"×$ to ℝ"×$! by applying a 𝑘-
order Cartesian power on each row



FedGTP System Overview
Aggregation of Inter-Client Spatial Dependency

Local Training
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𝑨𝑮𝑮. = ℱ0/ 𝑬. ' 𝑯.

Communication overhead: 

= ⨂1 𝑬.
/
' 𝑯.

123

0

= 𝑬./ ' 𝑯. , for SprtReLU

, for AdptPoLU

𝑂 𝑀 · 𝑑0 · 𝐹

𝑂 𝑀 · 𝑑	 · 𝐹 , for SprtReLU

, for AdptPoLU

𝑀 : Number of Clients
𝑑: spatial embedding size
𝐾：order of polynomial
𝐹: Hidden size



Baseline Comparison
Table 1. Baselines overlooking inter-client spatial dependency Table 2. Baselines using only the predefined and public

part of spatial dependency

FedGTP adaptively exploits the inter-client spatial dependency.

FedGTP adaptively uncovers more profound inter-client
spatial dependency compared with those using only the
public and predefined connections.



Ablation Study

elimination rate 

Randomly eliminate the 
reconstructed dependencies 
for each client

• SprtReLU mechanism improves performance,
      but there still exits a gap with ctr
• AdptPoLU has similar performance with
      SprtReLU when 𝐾 = 2, and performs almost
      close to ctr, when 𝐾 rises to 4
• AdptPoLU sometimes beats ctr, we attribute it to
      the adaptive coefficients facilitating the
      training process



Case Study

top 20% largest decrease in MAE

key inter-client spatial dependencies: top 𝑝 edges with the largest weights

The average proportion:
1	– 1 − 0.2 , = 	36%



Case Study

road segment with high 
performance improvement

associated road segment
(color refers to different clients)

school location

We focus our gaze on one of 
the significantly benefited nodes 
and its associated key 
dependencies
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