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Building dynamic random peer-to-peer overlays

Yu Wu Fukuhito Oosita Hirotsugu Kakugawa Tosimitsu Masuzawa
Graduate School of Information Science and Technology, Osaka University

Abstract — Random networks are applicable for P2P overlays because of robustness, balanced degree
of edges and small world characteristics. A basic objective of this work is to build a network that
each node v; is adjacent from any other node by a given probability p;. A node can locally adjust the
probability to be linked. A distributed framework, which can output 81 kinds of different networks is
presented and estimated by experimental approaches. Two outputs are proved have similar statistical
aspects with our objective.

1 Introduction age degree, its diameter is larger and the topology

is more planar. Such aspects worsen the perfor-
L1 Background mance of gossip-based information dissemination

Peer-to-Peer(P2P) applications, with prominent approaches, e.g. flooding and random walk. This

advantages such as scalability, robustness and low 1 an important reason that Gnutella can not scale

investment requirement, have developed quickly in Well, especially in resource searching.

recent years. A P2P network is an overlay network
over the IP-based Internet. The problem that how
to construct and maintain an efficient P2P overlay
attracts many attentions.

The Gnutella (version 0.4) network is the first
pure P2P network with a decentralized overlay[1].
The Gnutella aimed to build a random overlay
network. However, many studies show that the
Gnutella overlay is far from a random network.
It is a so-called power law distributed network.
Compared to a random network of the same aver-

Random networks are proved to have high con-
nectivity, small diameters and be easy to be main-
tained by local link exchanging [2]. These features
are particularly suitable for large-scale and highly
dynamic P2P systems. Now, the idea of using a dy-
namic random network for P2P overlays is widely
applied, e.g. by JXTA.

Normally, the random network means the
uniform-random network in which each peer has a
uniform probability to be linked by others. Such
networks are designed to achieve load-balance



in gossip-based communication environments in
which requests, e.g. search query and replication
request, are delivered randomly. However, in a
uniform-random network, informations (resources)
are also distributed randomly in the system. That is
the main reason of the difficulty of searching and
management in P2P systems.

Some modern P2P systems, e.g. new Gnutella,
KaZaA etc., artificially introduce some biases of
degree in order to enhance the system performance
by centrally managing informations in some peers
of high degrees [3, 4].
a two-layered overlay which consists of an upper
layer of some powerful peers, called super peer,

Such systems often use

and a lower layer of others. The upper layer is a
connected sub-network. Peers in the lower layer
are only linked to super peers in the upper layer.
Most informations (resources) are concentrated to
the upper layer and thus peers can achieve most of
the system services by accessing neighboring sup-
per peers.

1.2 Our contribution

An ideal P2P overlays are expected to have both
the advantages of random networks and degree-free
networks. On the one hand, the network shall be a
dynamic random network that has a small diameter
and high connectivity. On the other hand, each peer
can have different degrees to improve the system
performance.

The objective of this work is to build such a
degree-controllable random network. An experi-
mental approach is used to challenge this objective.
We propose a framework in which a wide range
of different overlay construction algorithms, some
are existing and some are novel, are included. The
framework, which is an extension of M. Jelasity’s
work, can output 81 kinds of different networks [5].
Simulation results prove that our framework can
output better networks, both uniform-random and
degree-controllable, than M. Jelasity’s framework.

2 A Framework
2.1 Basic model

We model the network by a d-out-regular
digraph D(V,E) consists of n peers, V =
{vi,v2,...,vn}. The network is a simple graph that
self-loops and multiple links are invalid. A peer
v; can directly send messages to peer v; if v; has a
directed link that points to v;.

Each peer v; has a local view, denoted by view;,
consists of at most d directed out-links. The links
in the view are sorted by ascending order. Each
link has an additional parameter called sop count.
The hop count of a link from v; to v; is denoted by
H(e;;), e;; € E. Each peer v; has a local param-
eter 4;, called initial hop count. The details of the
parameter will be introduced later.

2.2 Detail description

The framework is a set of rules of how peers ex-
change links with each other. Each peer, denoted
by v;, periodically execute a 4-step processes in-
cluding (1) Target Selection, (2) Seed Planting, (3)
View Merging, (4) View Selection. Each step has
three options. All peers in the system use a same
option set. Detailed descriptions are as follows.

(1) Target selection: Peer v; select an available
link ¢; ; from its local view, denoted by view;. The
destination peer v; of the link will be the target to
exchange view with.

e Random: The link is uniform-randomly se-

lected from view;.

e Head: The first link in view; (with the lowest

hop count) is selected.

e Tail: The last link in view; (with the highest
hop count) is selected.

(2) Seed Planting: Some new links that point to
v; or v;, called seeds, are created and inserted into
the peers’ view.



o Push: Peer v; inserts its seed, denoted by e;;,
into view;!. The seed’s hop count is the initial
hop count of v;, H(e; ;) = h;.

e Pull: Peer v; inserts its seed, denoted by e; ;,
into view;. The seed’s hop count is the initial
hop count of v;, H(e; ;) = h;.

e Push&Pull: Executes both Push and Pull.

(3) View Merging: Peers v; and v; share their lo-

cal views with each other.

e Push: Peer v; increases the hop count of all
links in view; by 1. Then v; insert view; into
view;: view; Uview; — view;.

e Pull: Peer v; increases the hop count of all
links in view; by 1. Then v; insert view; into
view;: view;Uview; — view;.

o Push&Pull: Executes both Push and Pull.

(4) View Selection: After the seed planting and
view merging, some peers’ views may include
more than d links. The last step is to select d links
to remain in a view.

e Random: Links are selected uniform-ran-
domly from a view to remain.

e Head: The first 4 links, that have lower hop
counts, in the view are selected to remain.

o Tail: The last d links, that have higher hop
counts, in the view are selected to remain.

The framework includes 3* = 81 combinations.
Each of them outputs a different network. For
simple, we denote each combinations by a 4-tuple
(ts,sp,vm,vs) where ts,sp,vm,vs respectively in-
dicates the options of target selection, seed plant-
ing, view merging and view selection. A wild-
card is denoted by the symbol ‘*’. For example,
(random, push, *, head) indicates an output of ran-
dom target selection, push seed planting, arbitrary

view merging and head view selection.

'Notice view ; may temporarily have more than d links.

The main difference of M. Jelasity’s frame-
work is that the seed planting and the view
bounded to
Some outputs such as

merging procedures are se-
lect a same option,
(random/tail, push, push&pull head) are not
available in it. However, that will be shown latter,
only those two new outputs can achieve correct
degree-control.

Outputs (¥, * * random/tail ) are excluded from
further discussion. In the case of the random view
selection, more in-links a peer has, its in-degree in-
creases faster because each link has a same proba-
bility to be replicated. In the case of the tail view
selection, if a link is replicated, it has a higher prob-
ability to be replicated next time. Thus, such net-
works result in highly skewed and uncontrollable
topologies. The M. Jelasity’s experimental results
also agree with this standpoint. In the following
of this paper, all discussions are based on the head

view selection (*, * * head).

2.3 Degree control

Our basic objective is to build a network that
each node v; is adjacent from any other node by a
given probability p;. In implementation, the p; can
not be arbitrarily decided because the out-degree of
every peer is at most d.

Our solution is to use a relative probability con-
trol mechanism. For any two peers v; and v;, the
proportion p;/p; is expected to be 2hi=hi \where h;,
resp. hj, is the initial hop count of p;’s, resp. p; .
A peer v; can adjust its in-degree by just change its
local parameter ;.

The principle is as follows. In the framework, the
hop count of any links can only be increased when
they are replicated (merged into other peers’ view).
The only way to have a link with a small hop count
is to create a seed with a initial hop count. In the
case of head view selection, only links of low hop
counts can remain. Thus, a peer has a low initial
degree will have a higher in-degree. After a link of



Output VAR | Sight | Connectedness | Max Diameter | Average Path Length
Uniform-random 30 956 Strong 3 2.35
Random, Push, Push 22 367 Strong 3 2.41
Random, Push, Puil 44 404 Strong 4 2.39
Random, Push, Push&Pull 48 702 Strong 4 241
Random, Pull, Push 715 282 Weak - -
Random, Pull, Pull 1424 | 282 Weak - -
Random, Pull, Push&Pull 3016 | 476 Weak - -
Random, Push&Pull, Push 70 358 Strong 4 2.43
Random, Push&Pull, Pull 71 379 Strong 4 241
Random, Push&Pull, Push&Pull | 132 693 Strong 4 243
Head, Push, Push 25 36 Strong 3 2.38
Head, Push, Pull 43 38 Strong 3 236
Head, Push, Push&Pull 80 46 Strong 4 2.39
Head, Pull, Push 28 30 Strong 3 2.35
Head, Pull, Pull 435 49 Strong 4 2.48
Head, Pull, Push&Pull 1300 | 79 Strong 5 2.56
Head, Push, Push 28 33 Strong 3 2.36
Head, Push, Pull 54 42 Strong 3 2.37
Head, Push, Push&Pull 80 47 Strong 4 2.39
Tail, Push, Push 19 380 Strong 3 2.39
Tail, Push, Pull 41 421 Strong 4 2.38
Tail, Push, Push&Pull 47 700 Strong 4 241
Tail, Pull, Push 736 293 Weak - -
Tail, Pull, Pull 927 | 316 Weak - -
Tail, Pull, Push&Pull 9065 | 451 Weak - -
Tail, Push&Pull, Push 72 376 Strong 4 2.40
Tail, Push&Pull, Pull 74 403 Strong 4 2.39
Tail, Push&Pull, Push&Pull 144 | 701 Strong 4 242

Table 3.1: Main results of (*, *, x, head) for uniform-random setting.
n = 1000, d = 30, 100 time cycles executed.

hop count 4 is replicated, two links, which point to
a same peer, of hop count 2+ 1 appears. Therefore,
roughly, a peer has an initial hop count 4 has 2¥
times higher probability to increase in-links than
thatof A+ £

2.4 Peer join and leave

When a peer v; joins the system, we assumed
that it can access at least one peer, called initia-

2, Starting from the initiator, v;

tor, in the system
randomly walks for several steps and reaches v;.

From view;, v; randomly selects a link e;; and

2 An initiator can be a initiator server or simply a website
with some active peers’ address.

Then, v; starts the normal
view exchanging procedures from a initial view
view; = {eix}, Heix) = H(ejx).

When a peer leaves the system, no additional
procedures are needed. Bad links which point to

inserts it into view;.

it can not remain for a long time because their hop
counts can only be increased.

3 Simulation

We test the framework by simulation in order to
find out some outputs agree with our objective. The
simulation includes #» = 1000 peers, the maximum
out-degree of each peer is d = 30. In order not to
introduce external random factors, peers execute in



a fixed order from v; to v, in each time cycle?.

3.1 Uniform degree setting

In the first simulation all peers’ initial hop count
are set to 0. In this case, the framework is expected
to output uniform-random networks. We filter the
outputs that have some statistical aspects obviously
different from the uniform-random network or not
suitable for P2P environments. The remained out-
puts can continue to be tested for degree control.

We introduce the following tests, which will
be explained shortly, for graphs generated by our
framework. Variance test of peers’ in-degree, de-
noted by VAR, and dynamic view test, denoted by
Sight. Main results are shown in Table 3.1.

In a uniform-random network, each peer’s
in-degree, denoted by ind, follows a Bino-
mial distribution that Prlind = k] = Ck_ p*(1 —
p)* "% where p = d/(n—1). In our simula-
tion that » = 1000,d = 30, the variance of ind
is VAR(ind) = (n—1)p(1 — p) ~ 30. Com-
pare with it, outputs (x,pull,*, head), except for
(head, push, push,head), have obviously higher
variances. Such highly skew networks are unde-
sirable in the case of uniform degree setting.

A network is expected to be dynamic so that it
can adapt to the dynamic P2P environment. That
is, in each peer’s view, other peers shall have a uni-
form probability to appear. A new notion called
sight is defined as the number of peers which have
at least once appeared in a peer’s view. After we
start the simulation from a uniform-random net-
work, in most outputs, peers’ average sight ex-
ceed 200 within 100 time cycles and keep grow-
ing. However, in outputs (head,*,*, ), peers’ av-
erage sight is much smaller and almost stop to grow
within 100 time cycles. Such outputs result in se-
vere clustering thus each peer can access only a
small part of all peers.

3Notice external random factors, e.g. a random executing
order, may make outputs more close to a random network than
the framework really can do.

0.1
“““““ ideal: binomial distribution
—o— (random, push, pull, head)
—o— (random, push, push&pull, head)

008 o (random, push&pull, push&pull head)

0086
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Figure 1: In-degree distribution.

It is possible that a network become highly skew
because some unexpected events such as network
accident. In this case we expect a network to
recover by itself. Such a feature is called self-
organization. We start the simulation from a star
network which is weakly-connected and has a large
in-degree variance . The variance of most out-
puts, which passed uniform and dynamic tests, can
recover, (to the normal in-degree variance), in a
short time. However, during the simulation period,
the (%, x, push, ) can not even return to strongly-
connected while others do within 10 time cycles.

Other tests, such as connectedness, diameter and
average path length have also been showed in Ta-
ble 3.1.
push/push&pull, pull/push&pull head), passed all
tests.
push&pull head) can also be outputted included in

As a result, 8 outputs, (random/tail,
Two outputs (random/tail, push&pull,

M. Jelasity’s framework. Fig.1 shows that some
new outputs’ in-degree distributions are more close
to a uniform-random network than them.

3.2 Degree control

In this simulation, peers are averagely divided
into two groups. One group’s initial hop count is
set to 0 and another is from —1 to —6. We com-
pare the average in-degree of the two groups. The
ideal ratio is 27, where £ is the nonzero initial hop
count. According to the degree control principle, if
some peers have too low initial hop counts, their
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Figure 2: In-degree ration results (random target).
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Figure 3: In-degree ration results (tail target).

links will fullfill all peers’ views so that normal
peers’ seeds, that of O initial hop counts, can not
be inserted into our peers’ view. In this case, the
degree ratio will higher than we expected.

The results of the remained 8 outputs are show
in fig.2 and 3. The curve ‘ideal’ is the expected
ratio. Obviously, only the outputs (random, push,
push&pull, head) and (tail, push,push&pull, head)
can correctly control the peers’ in-degree as we ex-
pected.

4 Concluding remarks

In this paper we proposed a distributed frame-
work to construct degree-controllable P2P over-
lays. As a result, two outputs of the framework
can pass all our tests including degree distribution,

dynamic, self-organization and degree control. Al-
though the framework need to be further analyzed,
the result shows the possibility of achieving the ob-
jective network by only local link exchanges.

Future works:

In this paper, the framework only allow peers
have in-degree ratios of powers of 2. It is not dif-
ficult to achieve arbitrary ratios. Two approaches
are under developing. One is to expand the hop
count mechanism to handle non-integer hop counts.
Another is to use different execute interval of seed
planting process and view merging process.

We also going to test the framework in a dynamic
environment that peers join and leave continually.
Because the framework can automatically deleted
some old links, fault links that point to left peers
can not remain in the system for a long time. This
feature is so-called self-healing which is a impor-
tant feature of robust networks. The study of the
trade-off between links’ fault rate and maintenance
cost of the framework is an interesting challenge.
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