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Recoverable Prevalences of Viruses via E-mails in a Growing Computer

Network and Effectiveness of the Prior Immunization for Hubs

YUukio HAvAsHI,t MASATO MINOURAT and JUN MATSUKUBOf

We propose a model of computer viruses via electronic mails, based on the contacts in real
distributions of the sent and receive mails. As the fundamental properties for the rates of
execution and detection, we analyze the numbers of total infectious computers (executed from
the hidden to the propagatable state), total infected mails (including detected viruses), and
the extinction time by simulations. In particular, this model in an open system suggests that
a growing computer network with new mail users causes the recoverable prevalences from
a low level of disease. This phenomenon is typical in experiences but not explained by the
conventional models of computer viruses. Moreover, we verify the effectiveness of the prior
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immunization by anti-viruses for hubs in the scale-free network.
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Fig.3 Power law distribution for receive-mails.
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Table 1 Edge generation by the a-3 coin.
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Fig.7 Time-series of num. of the infected at a fixed size.
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Fig.8 Time-series of num. of the infected in a linear

growth.
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Fig.9 Time-series of num. of the infected in an

exponential growth.
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Fig.10 Hub immunization in a linear growth.
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Fig.12 Random immunization in a linear growth.
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Fig.13 Random immunization in an exponential growth.
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Table 2 Frequency of non-complete extinctions in a
linear (top) and exponential (bottom) growth.

Immune | Normal | 10% | 20% | 30%
Hub 100 92 35 6
Random 100 96 92 70
Immune | Normal | 10% | 20% | 30%
Hub 50 77 73 10
Random 50 38 29 23
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growth.
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Fig.15 Comparison of the total infected in an
exponential growth.
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Fig.16 Number of vertices in state R (hub immunization

30%).
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Fig.17 Number of vertices in state R (random

immunization 30%).
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Fig.18 Number of vertices in state R (hub immunization
10%).
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Fig.22 S(t) and I(t) in a linear growth.
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Fig.23 R(t) in a linear growth.
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Fig.24 S(t) and I(t) in an exponential growth.
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Fig.25 R(t) in an exponential growth.
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