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A Neural Network Parallel Algorithm for
Miminum Maximal Matching Problems

SHUNJI UMETANI,t NOBUO FUNABIKIt and SEISHI NISHIKAWA?

For a given graph G(V, E), a subset M of E is called a mazimal matching of G if no pair
of edges in M is adjacent to each other and no other matching M’ such as M C M’ exists for
G. In this paper, we present a neural network parallel algorithm for the minimum mazimal
matching problem. This NP-complete problem requires to find a maximal matching composed
of the least number of edges in G. The neural network consists of N x N binary neurons for
the N-vertex graph problem. In order to improve the solution quality, we introduce a heuris-
tic term into the motion equation for a diagonal neuron which represents the exclusion of
the vertex from the matching. We verify the performance through simulations using random
graphs, where our neural network finds better solutions than the greedy algorithm and the
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simulated annealing.
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Fig.1 An instance of a minimum maximal matching.
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Fig.2 The neural network output for the instance in
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Table 1 Simulation results for graphs with given
minimum maximal matchings.

Raf | ®AME | BEE (%) | FHE
100 11 86 11.14
150 16 93 16.07
200 21 93 21.07
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Fig.5 A minimum maximal matching solution for
a 20-vertex graph problem.
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Table 2 The convergence performance of the neural
network algorithm for random graphs.

AOFER | HAK | POEE (%) | FHEREEK
20 100 234
50 87 558
100 98 565

10 % 200 99 711
300 97 843
400 98 815
500 99 783
20 98 142
50 99 284
100 99 343

50 % 200 93 406
300 90 390
400 84 436
500 87 450

T. B2 oGPBEIC, Za—FVEy bT—F
BRI, THAB N =20~500 D2 7 712 L Toh
W2 8O%LLLOMERCHA/RL I EMNTESL, Fiz, I
RETK2PLEHEFEKS, 77 70THAEICH
B BETMAONDE 2 LD G0 5.

RIS, RBIWLG VI LTI TIIHLT, BHREDY
Sab—=TarvEffoltt EOBOT Y F U THER
9. £3 O N/A i, Simulated Annealing f#EDET
BRHESEEICRS, BEBLIILFTELRDPoLZ
LARFET. B3 XY, Sa—FNFy T — T EN
By F IR, FH< o F e b ICORE
ICHRBERTWB Z eGP 5. L2L, @6 ITRT
IV RERDPEL RDIHEST, =2 —F VR y
k7 — 7 EEL Greedy BHEDBR/ANT v F VT BDFE
BAEL RBERENREONSL, ZhE, BERYY
FUUMETRT YT VI BO L EASIOFRERICE
BB {ERINVS T 7OBRBOEFTHL—FT
WREERPKEL BB IR TRBERDO Y F T
MM 5720 THD. £2T, THAHK 200 BRA
L 10%, 50%DBEND=2—F Gy b T —rEiEL
Greedy EL DFE~ v F VY T ROEIIDOVWT, £
NENEBAKE 5% THREZTVY, WRERI0%T
BEVFEETH), ABER OB TIIENEFETE
NI ERFEPD. SHICEL SRR 2DTEA
200 WHEER 10%, 50%DHADHROSHEZR T,
8 IZRYT. M7 ICH<RE8 OFPEEMIHEDNT
LOEXIRNEL, FDNDa—=F VA NI~
& Greedy L L O~ v F UV T ROENHFET
LipolzbZE2b6NA. 72K 8 TREINEIVHOD
D, Za—F Nty b7 =7 BEDFH Greedy H:



564 BRI ZAFHCE Mar. 1998
R3 TV LT ITIHTEBBEOROT v T I
Table 3 Simulation results by three algorithms for random graphs.
Neural Network Greedy SA
AOFER | HAK | B e &/ T &/
20 5 5.0 5 5.5 5
50 14 15.0 16 17.1 18
100 34 36.1 38 40.5 43
10% 200 80 82.4 86 89.4 N/A
300 128 130.2 134 137.2 N/A
400 177 179.2 183 186.5 N/A
500 225 228.3 232 235.8 N/A
20 6 6.5 7 7.0 8
50 22 22.2 22 22.8 24
100 46 46.7 46 47.8 N/A
50% 200 95 96.0 96 97.5 N/A
300 145 145.8 146 147.4 N/A
400 195 195.7 196 197.0 N/A
500 244 245.5 245 247.2 N/A
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Fig.6 Minimum solutions for a 200 vertex 10 ~ 50% Fig.7 The distribution of solutions for a 200 vertex 10%
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