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Fireworks algorithm for functional module detection in
protein-protein interaction networks

XIAO Hanghang'*, JI Junzhong'”, YANG Cuicui'”

(1. Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China;2. Beijing Municipal Key
Laboratory of Multimedia and Intelligent Software Technology, Beijing University of Technology, Beijing 100124, China)

Abstract; To solve the problem that the swarm intelligence clustering methods are time-consuming in detecting
functional modules in protein-protein interaction networks, this paper proposes a method based on fireworks
algorithm for functional module detection in protein-protein interaction networks ( FWA-FMD). First, each firework
individual was initialized as a candidate solution based on the label propagation idea by combining the topological
and functional information. Then in each generation of evolution, each firework individual was optimized by using
explosion operation with local search and global search self-adjustment capabilities, and the next generation of
fireworks individuals were selected by using elite retention and roulette strategy. Finally, the nodes with the same
label in the optimal firework were divided into the same function module to obtain the final function module
detection result. Functional module detection results on the four protein-protein interaction network datasets of
Saccharomyces cerevisiae and Homo sapiens were evaluated by using two standard functional module datasets as
benchmarks, which shows that the FWA-FMD algorithm not only costs less time than GA-PPI, ACC-FMD, and
BFO-FMD, but also has obvious advantages in many evaluation indicators compared with some representative
algorithms, which can better identify functional modules.

Keywords: protein-protein interaction network; functional module detection; fireworks algorithm; label

propagation ; explosion operation
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Fig. 1 Initialization process of firework individual
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Fig.2 Sketch map of explosion operation
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Tab.1 PPI network datasets in our experiment

WFh LEIIES R Bk
Gavin 1855 7 669
Saccharomyces cerevisiae
KroganCore 2 701 7118
DIPCore 4 356 6 586
Homo sapiens
DIPFull 4561 6 990

R2 ZHERMREDIRERBIRS

Tab.2  Gold standard datasets in our experiment

Y e e Ak
HEHEL
Saccharomyces  SGD 372
cerevisiae CYC2008 408

http : //www. yeastgenome. org/
http : //wodaklab. org/cyc2008/
PCDq 1261 hitp://h-invitational. jp/hinv/pedq/

Homo sapiens
CORUM 1 738 hitps://mips. helmholtz-muenchen. de/
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Tab. 3  Running time comparison of four swarm intelligent

algorithms in different PPI network datasets

B GA-PPI  ACC-FMD BFO-FMD FWA-FMD
Gavin 286 6 465 895 227
KroganCore 625 6 657 2 430 390
DIPCore 1708 9 751 13 325 663
DIPFull 2 082 13 330 14 193 692

AMER B, FWA-FMD 83678 4 D84k By
B AT [A]AH B H Al = Ff B BE 95 GA-PPLLACC-
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BFO-FMD 553 112 17 B[] 43 1] J& FWA-FMD 5.7k
B 1.3 % .28.5 /%1 3.9 f%. 7 DIPCore 3{¥E4E I,
GA-PPI ACC-FMD #1 BFO-FMD %53 %) 32 17 B 6] 43
& FWA-FMD B 3L 2.6 4% 14. 7 £5F1 20. 1 £%.
X EEE RN GA-PPL Bk (14 i S50k B #5018, ACC-
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PIARIERTEEL N, (X o4
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Tab.4  Experimental results of eight algorithms in Gavin dataset

s BN L 1y SGD CYC2008
KN N, =0.2 N, =0.2 N,,=0.2 N, =0.2

MCODE 12 8.14 & 94 7 87
CFinder 184 9.16 6 %3 85 102
NEMO 259 8.64 117 100 152 e
FAG-EC 158 10.39 75 124 86 114
GA-PPL 155 1198 51 7 6 80
ACC-FMD 64 1278 157 71 205 80
BFO-FMD 213 7.16 8 141 108 145
FWA-FMD 175 10.59 7 126 94 119

%5 8 FhE %7 KroganCore ¥iBE FHISTIR4ER
Tab. 5

Experimental results of eight algorithms in KroganCore

dataset

B4y SGD CYC2008
Wik B

KN N, =0.2 Ny=0.2 N, =0.2 N, =0.2

MCODE 71 7.23 54 83 58 69
CFinder 115 10.91 60 86 71 83
NEMO 302 7.99 104 86 117 77
FAG-EC 245 8.65 83 117 99 122
GA-PPI 237 11.41 54 68 66 76
ACC-FMD 328 20.89 155 102 178 95
BFO-FMD 230 7.22 95 146 121 157
FWA-FMD 258 10. 47 96 128 110 127
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&6 8 FEEL DIPCore HiFE FMIHHER

Tab. 6  Experimental results of eight algorithms in DIPCore

dataset
P b 3% PCDq CORUM
Joh N, =02 N, =02 N, =0.2 N, =0.2

MCODE 90 5.32 29 32 35 101
CFinder 243 5.93 61 63 88 214
NEMO 409 10.31 55 51 71 158
FAG-EC 427 8.33 57 60 73 159
GA-PPI 570 7.64 42 45 74 131
ACC-FMD 427 23.86 54 29 135 151
BFO-FMD 554 5.98 70 69 110 263
FWA-FMD 593 7.35 85 86 113 230
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Tab. 7  Experimental results of eight algorithms in DIPFull
dataset
A PCD. CORUM

Bk o K/ N,=0.2 ]\?, =0.2 N, =0.2 N, =0.2
MCODE 91 5.35 28 31 35 100
CFinder 241 6.04 61 63 89 212
NEMO 431 9.38 54 50 69 155
FAG-EC 440 8.41 60 63 75 165
GA-PPI 586 7.78 44 46 74 137
ACC-FMD 417 24.62 59 36 129 160
BFO-FMD 580 5.67 87 89 111 249
FWA-FMD 598 7.63 91 91 105 214
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Fig.3 Results comparison of eight algorithms in Gavin dataset

using SGD gold standard
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Fig.4 Results comparison of eight algorithms in Gavin dataset

using CYC2008 gold standard
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Results comparison of eight algorithms in KroganCore
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Fig. 9 Results comparison of eight algorithms in DIPFull

dataset using PCDq gold standard
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