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Abstract Maximum flow problem is a classical combinational optimization problem. With the
growing of the network scale, it is the key to improve the efficiency of the algorithm for the maximum
flow problem. For a given single-source single-sink network, a novel layer method for getting its
maximum flow is proposed in this paper. Firstly, we transform the original directed network into a
layer network. Then we compute the maximum flow for each sub-network which contains two
adjacent levels of nodes in the layer network. Finally, the minimum value of each sub-network’s
maximum flow is regarded as the estimated maximum flow of the original network. The experimental
results on different networks show the efficiency of the proposed method. The maximum flow error is
only about 1% averagely. Meanwhile, the running time of our method is only 11% of the classical
algorithm (the Ford-Fulkerson algorithm) averagely. And in the best condition, the running time of
our method is 2% of the classical algorithm and 25% of the improved two-phase capacity scaling

algorithm.
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The original network.
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Fig. 2 The layer network of the original network.
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Fig. 3 The layer network.
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Fig. 4 The adjacent levels of the layer network.
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Fig. 5 The sub-network flow.
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Fig. 6 The layer network of a simple flow network.
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Experimental Results on the RMFGEN

£ 1 7 RMFGEN %4k R L& R

Network n m i ¢ f f rtls rt'[s er| %
Network 1 2502 14 800 1 2500 620645 620645 1.35 1. 36 0.00
Network 2 5002 136 348 2 2500 620167 620167 21.05 21.07 0. 00
Network 3 10002 54021 100 100 20032 20570 17.11 0.63 2.69
Network 4 10002 95774 100 100 76913 77005 87.61 1. 66 0.12
Network 5 10002 158601 100 100 168245 169949 257.69 3.24 1.01
Network 6 10002 67454 25 400 141585 141585 52. 44 3.85 0. 00
Network 7 10002 96218 25 400 362787 366981 136.78 7.41 1.16
Network 8 10002 162095 25 400 909 897 918044 564. 39 16. 42 0. 89
Network 9 20002 131939 200 100 33283 33381 117.18 1.94 0.29
Network 10 20002 186 982 200 100 77813 78176 340. 82 3.22 0.47
Network 11 20002 291761 200 100 166 030 167 368 890. 92 5.85 0. 81
Network 12 20002 135409 50 400 132046 132502 238.19 7.86 0. 35
Network 13 20002 195048 50 400 365641 369223 678.03 14.91 0.98
Network 14 20002 305920 50 400 765066 765530 1545. 58 35.34 0. 06

Note: n and m represent the nodes and edges of the network; 7 represents the layers; ¢ represents the nodes in each node-set; f and rt

represent the maximum flow by ford-fulkerson algorithm and it’s running time; f” and 7' represent ours; and er represents the ((f'— f)/ /) X 100.
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Table 2 Experimental Results on RMFGEN of other Algorithm
£2 HMHEA RMFGEN L6k I BER

Running Time/s

Network n m rtfs
2-Phase 1 2-Phase 11 1-Phase 2-Phase’

Network 15 1024 4080 0.065 0. 066 0.023 0.021 0.28
Network 16 2048 8176 0.212 0.203 0.067 0.053 0.68
Network 17 4096 16 368 0.521 0. 550 0.173 0.141 1.13
Network 18 8192 32752 3.107 3.327 1. 468 1.433 0.52
Network 19 16 384 65520 14. 655 15.522 8.811 7.945 1. 96
Network 20 32768 131056 63.978 67.855 43.132 36.513 8.21

Note: n and m represent the nodes and edges of the network; and rz represents our algorithm.
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Fig. 8 A comparison of two algorithms on the same
network.
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Table 3 The Experimental Results on NETGEN
%3 7 NETGEN %%k il 45 8

Network n m i f Vi rtls rt'[s er] %
Network 21 5000 52451 18 30757 31289 7.63 1.17 1.72
Network 22 5000 101 883 9 163974 164 586 51.75 10. 34 0. 37
Network 23 5000 2471783 9 487922 487922 453. 44 78.58 0. 00
Network 24 10000 106 685 22 54 054 54524 55.08 4.05 0. 87
Network 25 10000 244 310 14 251663 251663 358.59 32.91 0. 00
Network 26 10000 360564 13 382207 382330 890. 13 120. 27 0.03
Network 27 20000 173689 87 13782 14071 67.82 4.25 2.09
Network 28 20000 410682 39 127722 127914 682. 14 34.75 0.15
Network 29 20000 604091 30 244 488 244 488 1420. 66 122.78 0. 00

Note: n and m represent the nodes and edges of the network; i represents the layers; ¢ represents the nodes in each node-set; f and rt

represent the maximum flow by ford-fulkerson algorithm and it’s running time; f* and 7’ represent ours; and er represents the ((f'— £)/ ) X 100.
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