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Abstract— Recently P2P (peer-to-peer) network garners attention
as a technology for developing a peer group by use of connection
of peers which function as autonomously distributed and
cooperative units virtualized from computer resources. In this
paper, we focus on pure P2P networks which form peer groups by
connecting peers without the need for intermediaries. We execute
performance evaluation by using computer simulation and
propose a method to measure peer groups' connectivity utilizing
mean number of connected peer groups without using peers'
arrival and departure rates on peer groups.

Keywords— P2P, Pure model, Cluster model, Performance
evaluation, Peer groups’ connectivity

L INTRODUCTION

Recently P2P (peer-to-peer) network garners attention as a
technology for developing a peer group by use of connection of
peers which function as autonomously distributed and
cooperative units virtualized from computer resources. JXTA
[1], [2], SOBA [3], [4], and SIONet [5]-[8] are representative
examples. Lately a P2P technology called blockchain [9] has
attracted particular attention.

P2P network is classified into two types: pure model (flat
model) [10], in which there is no intermediary to connect peer
groups, and cluster model [11], in which there is an
intermediary.

In the cluster model, an intermediary always connects peer
groups, so there is no fragmentation among peer groups.

On the other hand, in the pure model, no intermediary exists
to connect peer groups, so any peer connects peer groups by
autonomously connecting with peers in other peer groups.
Therefore, when a peer connecting peer groups departs from a
peer group, the peer groups are broken up into fragments. This
fragmentation is described in Section II.

As examples of peer's departure from peer groups as a cause
of fragmentation, a hardware failure of peers [12] and
interruption of file exchange services [13] causes departure of
peers from peer groups. Also, blockchain mining cost incurs
peers’ departure from a peer group and produces fragmentation
of peer group [14], [15]. Furthermore, In the real society, a
fragmentation occurs between business groups when
employees who work in a multitasking environment depart
from a business group [16], [17]. This is an applied use of the

pure model’s concept to the connection among business groups
in a business model.

These various factors in peers’ departure from peer groups
cause fragmentation among peer groups, and as a result,
information sharing among peer groups becomes difficult.
Therefore, in the pure model, it is important to evaluate
connectivity among peer groups from the perspective of
information sharing among peer groups [18], [19].

In this paper, we define connectivity among peer groups (%)
as follows.

Maximum number of connected peers
x 100

Total number of peers @

In other words, the connectivity indicates how many percent
of the peers are connected among all the peers, and no
fragmentation among peer groups occurs when the connectivity
is 100%.

The purpose of this paper is to quantitatively evaluate the
connectivity among peer groups in pure models. Some research
papers [10], [12]-[15], [18] report on the evaluation of the
connectivity among peer groups. However, in all of them, it is
necessary to survey in advance "the arrival rate of peers in a
peer group" and "the departure rate from a peer group", which
are input parameters in the evaluation model of the connectivity.
However, in this case, it is a big burden for the evaluators to
obtain the arrival rate and the departure rate in advance by the
actual survey.

Therefore, in this paper, we examine the performance of the
evaluation model using computer simulations. We propose a
method to calculate the connectivity among peer groups by
using the mean number of connected peer groups without using
the arrival and departure rates of peers as input parameters of
the evaluation model [20], [21]. The mean number of
connected peer groups is the mean number of peer groups in
which any peer participates at the same time.

The reason for using the mean number of connected peer
groups as an input parameter for the evaluation model instead
of the arrival and departure rates is its convenience. As
mentioned above, it is relatively easier to obtain the mean
number of connected peer groups than to obtain the arrival and
departure rates by a measurement survey. For example, in a
questionnaire survey, the question "How many groups, on
average, do you belong to? is easier to answer than "How often



do you join in and depart from each group? Likewise, it is time-
consuming that we calculate the connectivity by gathering
peer’s participation and departure data out of each peer in the
P2P network system, i.e., SIONet [5]-[8].

The rest of this paper is organized as follows. In Section II,
we explain the performance evaluation model (simulation
model) and scale to obtain the connectivity among peer groups.
In Section III, we show the results of the performance
evaluation by simulation and discuss the results. Section IV
concludes the paper and discusses future work.

II. PERFORMANCE EVALUATION MODEL

In this section, we describe a performance evaluation model
for quantitatively evaluating the connectivity among peer
groups in pure models.

Figure 1 shows the example of the performance evaluation
model. This figure shows peer groups I to III formed by
virtualized peers A to D as the minimum unit of autonomous
distributed cooperation.

By peer B belonging to peer group I participates in peer
group II, peer B participates in peer groups I and II
simultaneously. As the same way, by peer C participates in
peer groups Il and I11, peer A and peer D are connected via peer
B and peer C. As the result of the connection among peer A,
peer B, peer C and peer D, peer group I, peer group II, and peer
group III are connected.

Thus, all peers independently participate in all peer groups
with arrival rate .. Here, Figure 1 shows the situation where
peer B belonging to peer group I tries to participate in peer
group II and peer group III with an arrival rate 4. As a result, it
participates only in peer group II. We assume all peers in a peer
group are always connected to each other. Therefore, we do not
deal with the connection topology between peers in a peer
group in this paper.

On the other hand, all peers independently depart from all
peer groups to which they belong with a departure rate u. For
example, in Figure 1, if peer B departs from peer group II, a
fragmentation occurs between peer groups II-III, and peer
group I. In this paper, for the sake of simplicity, we assumed
that the arrival rate of each peer is all the same. And the

peer group I

peer group 111

participating
with arrival
rate A

departing with departure rate u peer group 11

® = ® describing simultaneous participation

Figure 1. Performance evaluation model

departure rate of each peer is also all the same. We will discuss
the performance evaluation model having different arrival and
departure rate on each peer in the future work.

We explain the parameter and the performance evaluation
scale on the performance evaluation model.

e The number of peer groups m: Total number of peer
groups.

o The total number of peers n: The total number of peers,
i.e., the sum of all peers participating in m peer groups.
For example, n=4 in Figure 1.

o Arrival rate A: The arrival rate of each peer in each peer
group. The mean number of times a peer participates in
each peer group per unit of time. It is equal to the
reciprocal of the mean time of participation in each peer
group.

o Departure rate x: The mean number of times that a peer
departs from each peer group per unit of time. It is equal
to the reciprocal of the mean time of sojourn in each peer
group.

o Utilization rate p: Ratio of arrival rate to departure rate
p=21/w

e Maximum number of connected peers L: The maximum
number of connected peers at a given point in time.

o Connectivity S: Percentage of peers that are connected
among peer groups. FE{L} is the mean value of L,
obtained by simulation. S is calculated from the
following formula.

E{L}

S =—"x100(%)
n

(2)

o The number of simultaneously participated peer group on
each peer K;: The number of peer groups that the peer p;
(=1 to n) is participating at the same time at a given point
in time.

o The number of simultaneously participated peer group K:
The mean number of K; at a given point in time.

e The mean number of connected peer groups E{K}: The
mean number of peer groups in which a peer participates
at the same time. E{K} is the mean value of K over the
observation period, calculated by simulation.

e Peer’s simultaneous participation rate R: The number of
peer groups in which a single peer participates at the
same time.

R=@X100(%)
m

(3

For example, Figure 2 shows a situation where there is a
fragmentation among peer groups when m=3 and n=6. In peer
group I, the number of connected peers is 2 because the p; and
p2 are connected. On the other hand, in peer group II and peer
group III, the number of connected peers is 4 because ps, ps, ps
and pe are connected. Therefore, the maximum number of
connected peers L is 4. Moreover, the number of
simultaneously participated peer group on each peer K;, which
is the number of peer groups in which p; participates
simultaneously, is Ki =1, K»=1, K3 =1, K4 =2, Ks =1 and K¢ =1.
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III. SIMULATION RESULTS AND DISCUSSION

In this section, we clarify that the connectivity S is calculated
without using the arrival and departure rates (i.e., participation
and departure information) from simulation results.

The convergence condition of the simulation is set to be
within 3% difference from the previous E{L} value.

Therefore, the convergence condition is given by the
following formula where the time until convergence is the
observation period.

| E{L}(t+At) _ E{L}(t) |
E{L}®

Where 7 is any time in the simulation, A¢ is the minimum unit
time, and € is the threshold.

The simulation was based on the performance evaluation
model shown in Figure 1. The simulator is implemented in C
language, and the specification of the computer used for the
simulation is presented in Table 1. The time required to obtain
a single plot (point) in the graph was approximately 10 seconds,
and the confidence interval £5% was obtained by running the
simulation three times for each plot in 95% confidence interval.

To ensure sufficient coverage, the number of peer groups m
was set to m=10 and m=30, and the total number of peers n was
set from n=30 to n=1,500.

Figure 3 shows the simulation results for m=10 and #n=30.
For both the utilization rate p=0.4 and p=0.04, the connectivity
S does not depend on the departure rate u, but on p, i.e., the ratio
of A to u. Therefore, once p is determined, the connectivity S is
independent of the departure rate u. Therefore, Figure 3
describes that robustness to p holds for the connectivity S.

4)

TABLE 1. Simulation execution environment

Computer | Mac Book Pro (Late2013)
(0N OS X version 10.9.4

CPU Intel Core i7 2.0 GHz
Memory 8GB (DDR3 1,600 MHz)
HDD 250 GB
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Figure 3. Robustness to p on the Connectivity S
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Figure 4. Robustness to p on the Mean number of
connected peer groups E{K}

Next, Figure 4 shows the relationship between the departure
rate u and the mean number of connected peer groups E{K} for
m=10 and n=30, where E{K} is the mean number of peer
groups in which a peer is participating at the same time. Figure
4 shows that E{K} does not depend on the departure rate u, but
on p, i.e., the ratio of A to u, for both the utilization rate p=0.4
and p=0.04. Therefore, once p is determined, E{K} is uniquely
determined. Figure 4 describes that robustness with respect to
p holds for the mean number of connected peer groups £{K}.

Next, Figure 5 and Figure 6 show the simulation results of
the departure rate x4 and the peer’s simultaneous participation
rate R for n/m=3 (m=10, n=30 and m=30, n=90) and n/m=50
(m=10, n=500 and m=30, n=1,500), respectively, for the
utilization rate p = 0.4 and p = 0.04. From the respective figures,
the peer’s simultaneous participation rate R is dependent on the
utilization rate p, since the same utilization rate p results in the
same peer’s simultaneous participation rate R.
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Figure 7 is constructed by combining Figures 3 and 4. Figure
7 describes that even without obtaining A and u, the mean
number of connected peer groups E{K} provides the
connectivity S. For example, if each peer participates in 3 peer
groups on average, then the connectivity S is approximately
100 %. This means that the derivation of 1 and u (setting of
input parameters) by actual measurement is not necessary.

Finally, Figure 8 compares n/m=3 (m=10, n=30 and m=30,
n=90) and n/m=50 (m=10, n=500 and m=30, n=1,500) in the
relationship between the mean number of connected peer
groups E{K} and connectivity S. The figure shows that the
connectivity S depends on n/m, since the connectivity S is the
same when n/m is the same. The larger n/m is, the faster the
convergence of the connectivity S to the mean number of
connected peer groups E{K} becomes.

The simulation results provide the following findings.
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Figure 8. Mean number of connected peer groups E{K}
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Even without investigating 4 and x as input parameters,
the connectivity S is calculated from E{K}.

The connectivity S depends not only on p, but also on the
ratio of n to m (n/m). Therefore, if n/m is the same, the
result will be the same.

The convergence of the connectivity S with respect to the
mean number of connected peer groups E{K} is faster
when n/m is large.

Once n and m are determined, or once the ratio of n to m
is determined, the mean number of connected peer
groups E{K}, is obtained from the connectivity S. For
the instance, Figure 7 shows that the mean number of
connected peer groups E{K}, is 2 to satisfy 90% of the
connectivity S. In other words, a peer should participate
in two peer groups in average.

Once m, S, and E{K} are determined, the required
number of peers # is derived.

The peer’s simultaneous participation rate R depends on

p-



IV. CONCLUSION

In this paper, we clarified through simulations that the peer
connectivity is calculated without using the arrival rate or the
departure rate in pure model. Specifically, we found that the
connectivity can be obtained from the average number of peer
groups in which peers participate at the same time. Since the
conventional method of evaluating the connectivity requires a
large amount of time and effort to derive the necessary arrival
and departure rates, we conclude that we can derive
connectivity in a relatively short time through the quantitative
evaluation of the connectivity.

In the future, we plan to evaluate simulations with a
performance evaluation model that considers combination of
the peers and peer groups having various arrival and departure
rates, i. e., the participation rate 4; of peer; (i=1,2,3...n) in peer
group; (j=1,2,3...m) and the departure rate y;.

REFERENCES

[1] L. Gong, “JXTA: a network programming environment, /EEE Internet
Computing,” Vol. 5, No. 3, pp. 88-95, DOIL: 10.1109/4236.935182
(2001).

[2] E. Halepovic, and R. Deters, JXTA performance study, 2003 [EEE
Pacific Rim Conference on Communications Computers and Signal
Processing, Vol. 1, pp. 149-154, DOL: 10.1109/PACRIM.2003.1235740
(2003).

[31 N. Yoshida, S. Urashita, Y. Hayashi et al., “SOBA framework: an
application framework for broadband network environment,” The 2005
Symposium on Applications and the Internet, pp. 296-303, DOIL
10.1109/SAINT.2005.59, 2005.

[4] SOBA Project Inc., “What is SOBA?,” available: https://www.soba-
project.com/about

[51 T. Hoshiai, K. Koyanagi, K. Sukhbaatar Birke, M. Kubota, H. Shibata
and T. Sakai, “Semantic Information Network Architecture,” IEICE
Transactions on Electronics, Information and Communication
Engineers (B), Vol. J84-B, No. 3, pp. 411-424, 2001.

[6] T. Hoshiai, Brokerless model and SIONet, Telecommunications
Association of Japan (Ohmsha), 2003.

[71  T.Hoshiai, "General Theory of P2P [I]: Challenge of Brokerless Model,"
IEICE Journal, Vol.87, No.9, pp.804-811, 2004.

[8] SIONet (NTT Information Communication Glossary), Available:
https://www.ntt-review.jp/yougo/word.php?word_id=1928

[91  J. Kishigami, S. Fujimura, D. Watanabe, M. Ohashi, and A. Nakahira,

Introduction to Blockchain Technology, Morikita Publishing, 2017.

Y. Kitahashi, Y. Hoshiai, H. Mitomo and T. Hoshiai: "A Proposal of

Decentralized Collaboration Architecture on Brokerless Network and

it’s Evaluation," Transactions of Information Processing Society of

Japan, Vol. 47, No. 8, pp. 2669-2683, 2006.

T. Hoshiai, Y. Kitahashi, Y. Hoshiai, T. Harada and H. Mitomo,

“ Performance Evaluation on Brokerless Networking Architecture,”

IEICE Transactions on Electronics, Information and Communication

Engineers (D), Vol. J88-D-I, No. 11, pp. 1608-1621, 2005.

S. Saroiu, P. K. Gummadi and S. D.Gribble, “A measurement study of

peer-to-peer sharing systems,” Proc. Multimed. Comput. Netw, 2002

(MMCN '02), pp. 156-170, 2002.

K. Leibnitz, T. Hossfeld, N. Wakamiya and M. Murata, “Peer-to-peer vs.

client/server: Reliability and efficiency of a content distribution service,”

Lecture Notes in Computer Science (including subseries Lecture Notes

in Artificial Intelligence and Lecture Notes in Bioinformatics), Vol. 4516,

pp. 1161-1172,2007.

S. G. Motlagh, J. Misic and V. B. Misic, “Impact of Node Churn in the

Bitcoin Network,” [EEE Transactions on Network Science and

Engineering, Vol. 7, No. 3, pp. 2104-2113, 2020.

M. A. Imtiaz, D. Starobinski, A. Trachtenberg and N. Younis, “Churn in

the Bitcoin Network: Characterization and Impact,” 2019 IEEE

International Conference on Blockchain and Cryptocurrency (ICBC), pp.

431-439, DOI: 10.1109/BLOC.2019.8751297, 2019.

(1]

[12]

[13]

[16] Shinkin Central Bank, “Financial Research Information 2020-8 Trends

in multitasking by sales branch staff in Shinkin Banks - Management St
rategy 32, pp. 3, Available: https://scbri.jp/PDFkinyuchousa/scb79h202
0s08.pdf

Japan Tourism Agency, “Case Studies on Productivity Improvement in

the Lodging Industry 3,” pp. 16, Available: http://www.shukuhaku-kaiz
en.com/wp-content/themes/shukuhaku_kaizen/img/case_studies 2020
01.pdf

R. Cohen, K. Erez, D. Ben-Avraham and S. Havlin, “Resilience of the
Internet to random breakdowns,” Phys. Rev. Lett., Vol. 85, No. 21, pp.
4626-4628, 2000.

M. Nakauchi, “Facilitators of knowledge transfer among engineers: from
the perspective of information acquirers,” Organization Science, Vol. 48,
No. 2, pp. 61-73, 2014.

Y. Naito, C. Katsuki, N. Suehiro and T. Hoshiai, “Regional activation
based on P2P network architecture,” 2016 International Symposium on
Nonlinear Theory and Its Applications, pp. 423-426, 2016.

Y. Naito, T. Hoshiai, K. Yoshimi, "Research of Evaluation on Regional
Resource Network Model for Innovation Emergence," Proc. of the 79th
National Conference of Japan Society for Information and Management
[Autumn], pp. 215-218, 2019

[17]

(18]

[19]

[20]

(21]

Yutaka Naito was born in Japan, 1969. He received the
Ph.D. degree in Engineering from Sojo University,
2022. He is currently engaged in research on P2P
network technology for regional revitalization as an
assistant professor in the Faculty of Computer and
Information Sciences, Sojo University.

Takumi Uemura was born in Japan, 1980. He received
the Ph.D. degree in Engineering from Graduate School
of Science and Technology, Kumamoto University,
2011. He is currently engaged in research on image
processing and pattern recognition as an associate
professor in the Faculty of Computer and Information
Sciences, Sojo University.

Takashige Hoshiai was born in Japan, 1962. He
received the Ph.D. degree in Engineering. He was a
visiting researcher at Bell Telephone Laboratories from
1995 to 1997, and proposed the brokerless model in 1998,
and invented the semantic information network
architecture SIONet, which is the technology to realize
the model. In 2011, he proposed Social Community
Brand (SCB theory) that utilizes P2P for local
revitalization. He is currently conducting research on
regional revitalization and the emergence of regional innovation using SCB
theory. He is currently a president of Sojo University IoT/Al Center, a
professor of the Faculty of Computer and Information Sciences, Sojo
University, an invited researcher of Waseda University, a director of SCB Lab
and a principal of SCB Innovation Academy.




