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Label Propagation on Directed Graph with Backoff Process

AKIHIKO IZuTANIt and KUNIAKI UEHARA®

Existing Graph-based Semi-Supervised methods mostly use non-directed graph, because
directed graphs can produce unreachable nodes. In this paper, we introduce a digraph with
propagation of backward direction (backoff process). We also propose the label propagation
algorithm on digraph. Our algorithm supports reachability for connected graph and less
computational cost for graph construction. Moreover, we extend our method to Co-Training
framework for accuracy improvement. In some experiments, we obtained encouraging results.
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Table 1 Result for Effectiveness of Proposal Method on UCI Datasets.

Dataset Labels Harmonic SGT TSVM SVM kNN Proposal
breast 10 74.1 (£12.2) | 83.8 (£5.7) | 94.5 (£2.0) | 92.0 (£9.6) | 80.2 (£16.8) | 90.6 (£5.3)
reas 50 76.1 (+10.6) | 86.5 (£1.9) | 94.8 (£1.5) | 96.3 (£0.5) | 95.7 (£0.7) | 94.6 (x1.2)
N 10 59.2 (£0.4) | 56.9 (4.4) | 57.1 (£6.4) | 53.7 (£6.0) | 85.1 (£4.8) | 57.9 (£4.1)
upa 50 64.2 (+£1.2) | 61.8 (£3.8) | 62.3 (+4.0) | 55.5 (£5.4) | 62.2 (+3.8) | 63.9 (£2.6)
) N 10 651 (£0.4) | 74.9 (£5.8) | 74.4 (£7.6) | 64.1 (¥11.8) | 652 (£6.7) | 72.7 (£8.3)
jonosphere 50 69.4 (£0.8) | 84.4 (£2.7) | 84.5(+1.8) | 82.4 (£3.9) | 78.2 (£6.3) | 80.6 (+2.0)
) ) 65.6(£1.9) | 56.8 (£4.3) | 62.3 (£7.3) | 66.2 (£3.7) | 64.1 (£6.4) | 63.2 (£4.9)
pima 50 67.3 (£4.2) | 59.2 (+3.5) | 68.3 (£5.1) | 69.2 (+3.0) | 72.1 (+1.9) | 68.7 (£2.3)
) 10 62.0 (£9.1) 58.6 (£10.9) | 54.8 (£10.2) | 67.5 (£8.6)
ecoli 50 76.2 (£6.8) N/A N/A 72.4 (26.5) | 82.0 (£2.1) | 81.1 (+2.2)
10 18.7 (+£4.5) 38.5 (£6.7) 38.4 (£7.1) | 46.4 (£8.1)
glass 50 46.8 (£1.4) N/A N/A 47.6 (£5.1) | 68.5 (+2.7) | 70.0 (+3.8)
. 10 76.2 (£11.7) 73.5 (£10.2) | 71.1 (£12.5) | 91.1 (£1.8)
s 50 93.5 (+1.8) N/A N/A 94.8 (£2.4) | 96.4 (£1.5) | 95.3 (+1.0)
K 10 69.4 (£14.9) 73.2 (£14.2) | 65.6 (£11.3) | 84.4 (£5.8)
wine 50 95.6 (+£2.1) N/A N/A 97.2 (£1.3) | 96.1 (+1.5) | 93.8 (£2.1)
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Fig. 1 Incremental Classification Results on USPS.
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Table 2 Result for Effectiveness of Backoff Process.

nobackoff backoff

breast || 83.6 (£6.8) | 92.7 (£3.6)
bupa | 57.4 (£3.4) | 58.8 (+2.9)
jono 58.1 (£6.3) | 78.5 (£4.2)
pima 62.7 (£3.3) 66.5 (+3.1)
ecoli 70.9 (£4.8) | 76.2 (£4.5)
glass 52.5 (£6.2) 55.1 (£4.9)
iris 87.0 (£3.8) | 92.0 (£2.9)
wine 82.9 (£3.7) 90.7 (£3.1)
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Table 3 Result for Effectiveness of Co-Training.

Normal Co-Traning
breast | 91.4 (£5.2) | 94.2 (£4.0)
bupa 59.2 (£2.9) 58.8 (£3.6)
iono 72.5 (£6.2) | 79.5 (+6.6)
pima 66.7 (£2.7) | 65.6 (£3.5)
ecoli 72.7 (£4.0) | 74.1 (£5.2)
glass 53.5 (+£4.7) | 49.8 (£5.3)

iris 91.5 (£2.8) | 94.6 (+1.9)
wine 89.4 (+£3.5) | 92.5 (£1.9)
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