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 Smart devices and new Internet of Things (IoT) applications have been developed

very fast during these years.

A huge volume of data can be collected by these devices and fed into different

machine learning (ML) models to extract knowledge about the environment.

Because of real-time response requirements and privacy issues, for many IoT

applications the data cannot be sent to a central cloud server and need to be processed

either locally or on an edge server.

 These data are high dimensional big data that may contain some irrelevant,

redundant, noisy, or heterogeneous ones.

 Federated feature construction as a data pre-processing method can be applied on

local datasets of each device to reduce data size and consequently, improve the model

performance and communication cost.

 Feature construction methods construct high-level features by combining informative

features with suitable operators to extract hidden relationships among original

features.
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 The proposed method is evaluated through two scenarios. 1) MMFFC federated learning and 2)

MMFFC centralized learning. For the first and second scenarios, IoT network datasets and UCI

datasets are used, respectively.

 The details of these datasets are provided in Table I and Table II.

 The first federated feature construction (FFC) method called multimodal multiple FFC

(MMFFC) is proposed, where IoT devices collaborate to construct multiple informative

features without sharing their local datasets.

 The proposed FFC algorithm uses multimodal optimization and gravitational search

programming (GSP) in a federated and collaborative manner to construct multiple high-

level features and provide an improved trade-off between communication cost and

learning accuracy.

 Inspired by original version of federated learning (FL) algorithm to train the global GSP

in an edge server, the local GSP should be executed in clients and construct multiple

features from their datasets by using crowding clustering method.

 Then global GSP continues the process in an edge server to aggregate the constructed

features.

 Training of a global GSP algorithm is performed in an iterative fashion. It communicates

with local ones iteratively till the stopping criterion is reached.

Conclusion and Future Work

 In this work, a multimodal multiple federated feature construction method with gravitational search

programming is proposed for the first time.

 The experimental results on three 3 IoT datasets and 8 UCI datasets demonstrate that the proposed

MMFFC beneficial for constructing informative features.

 For example, in ACC dataset, the FR of the proposed method is 60% and its accuracy is 98.02 which is

increased about 1.6% compared to the accuracy of the classifier with no feature selection/construction.

 In this work, we use crowding clustering strategy and combine it with FFC for the first time.

 We can explore other multimodal strategies such as speciation and fitness sharing in combination with

federated feature selection (FFS) and FFC.

TABLE III: Comparison between the proposed method and No-FS and four other methods in the literature

Fig. 2: Federated Feature Construction Procedure

Dataset 

name

Classes Features Instances

DEFT 16 111 7289

ACC 2 30 284807

KDD99 5 41 494021

 Performance evaluation metrics are defined as classification accuracy (CA) and feature reduction (FR):

𝐶𝐴 =
# 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑖𝑛𝑠𝑡𝑎𝑛𝑐𝑒𝑠

# 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑠𝑡𝑎𝑛𝑐𝑒𝑠
∗ 100

𝐹𝑅 =
# 𝑡𝑜𝑡𝑎𝑙 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 − # 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠

# 𝑡𝑜𝑡𝑎𝑙 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠
∗ 100

TABLE I: Characteristics of the IoT datasets

Dataset 

name

Classes Features Instances

Wine 3 13 178

Sonar 2 60 208

Wdbc 2 30 569

Hill Valley 2 100 606

Ionosphere 2 34 351

Balance-

Scale

3 4 625

Iris 3 4 150

Thyroid 3 5 215

TABLE II: Characteristics of the UCI datasets

TABLE IV: Comparison between the proposed method and two existing centralized FC methods in the literature


