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Abstract

Networked games are newly emerging and increasing
applications in the Internet community. Multiplayer Online
Game (MOG) is one of such applications that can accom-
modate many users simultaneously. To realize MOGs in a
distributed peer-to-peer environment, we propose a novel
topology construction scheme that maps each player’s co-
ordinate in the real-world network to the coordinate in a
virtual plane. The main features of our scheme is two-stage
placement of a node: rough estimation and refinement. We
also propose a key idea of super nodes in order to achieve
scalability and efficiency. This paper describes the system
design of our scheme.

1. Introduction

Multiplayer Online Game (MOG) is a general term for
an online game which is simultaneously played by a num-
ber of players via the Internet. The examples of MOGs
are WarCraft [3], StarCraft [1], Ultima Online [2], and
XTux [4]. For some kinds of MOG, the game company
must setup servers for the players, however, it takes a
lot of cost to keep such servers running (e.g., electrical
power, server maintenance). Moreover, this is not a scal-
able method because the game company must increase the
number of servers according to the maximum number of
players online at the same time, i.e., the number of play-
ers at peak time. On the other hand, a player can behaves

as a server and other players can join the game for some
kinds of MOG. If we play such MOGs using peer-to-peer
(P2P) network, it will be cost-free for the game company
and it is a very scalable method. But the main problem
is how to construct an efficient and scalable P2P network
for playing MOGs because the network characteristic of
each player may differ so much. Moreover, each node (es-
pecially the servers) must avoid maintaining information
of all other nodes which may be in the order of thousand
nodes. Furthermore, consistency which is an important is-
sue in networked games must be considered. Namely, each
player should have the same screen at the same time. This
means that admission control is necessary in order to al-
low the players which have similar characteristic (for ex-
ample, delay, bandwidth) play the games together. How-
ever, the existing P2P networks do not provide this feature.
Therefore, we propose a scheme to construct and manage
P2P groups for MOGs. Our scheme maps players’ coor-
dinate in the real world to the virtual plane. This coordi-
nate can imply the network characteristics of each player.
Hence, we can use such information to group the players
together. The scheme composes of two main features, i.e.,
rough estimation and refinement procedure.

The remainder of the paper is organized as follows. Sec-
tion 2 describes the motivations and the requirements of
this work. Section 3 presents the problem statement. Sec-
tion 4 presents the design of our proposal. Section 5 an-
alyzes the proposed scheme. Section 6 discusses related
work. Finally, we conclude the paper in Section 7.



2. P2P-Based MOG

Usually, MOGs need the server because of the follow-
ing reasons.

• Security. First, the fairness is the most requirement
issue for the players when playing the networked
games. The server can prevent against many cheats.
Second, the game company needs to authenticate the
players in order to make a billing system.

• Consistency. Each node can synchronize its clock
with the server. Thereby, every player can move with
the same time step.

• Reliability. Since, all of the game data is managed
by the trust server, it is difficult for the players to do
cheating.

However, the server-based approach also has some dis-
advantages as follows.

• Cost. To keep the server running, it takes many costs
consisting of electrical power, server maintenance,
workers, etc.

• Scalability. The game company must install addi-
tional servers when the number of players increase.

We decide to use a P2P network because it can remove
the above mentioned drawbacks occurring in traditional
server-based approach. In particular, the game data is dis-
tributed and calculated at each node, therefore, we can
overcome the scalability problem. The maintenance cost
also decreases since the server is not necessary anymore.
However, it is challenging to keep the advantages of server-
based approach described above, i.e., security, consistency,
and reliability. It is difficult to protect against cheating be-
cause the game data is independently run on each node. In
order to simplify the problem we ignore the security prob-
lem. We will concentrate on scalability and performances.

3. Problem statement

In this paper, we propose an efficient scheme to deter-
mine an appropriate group for each MOG player. A user
plays the MOG via the Internet on the same virtual space
and time with other users. The key idea of our approach is
to find the coordination of each player on a Virtual Envi-
ronment map (VE map) according to the delay. Then the
nearby players are grouped together. As a result, when
playing the MOG the delays to other peers in the group
are low although the player connect to the Internet using
low-speed connection. Therefore, the players can play the
MOGs smoothly without any disturbance especially when
playing the first shooter game which is very sensitive to the
delay.

We assume that the game company setup a server (S)
to maintain a list of players including IP address of cur-
rent n players (1, . . . , i, . . . , n), their coordinates in VE
map (xi, yi), and currently participated groups (gi). Each
node i determines its own threshold as a desired condi-
tion in participating a group. This threshold is the maxi-
mum delay (Di) that this node can be tolerable or accept-
able. Consequently, the node will choose a group whose
delays to any nodes are less than this threshold. The de-
lay threshold can be easily mapped to a distance threshold
(Ri) in the VE map according to some predetermined ratio
(e.g., delay 1ms is equal to one unit in VE map). The de-
lay measured between any two nodes i and j (dij) is also
mapped to the distance (rij) with the same ratio. The coor-
dinate is determined by the delay between the nodes, i.e.,
nearer node has lower delay than farther node. Therefore,
each node tries to connect with the nearer nodes in order
to reduce the delay which is a main factor of networked
game. After deciding a group, each node needs to know
only the information within its group composed of IP ad-
dress and coordinate of current group members. The prob-
lem needed to be solved is how to determine an appropri-
ate group for each player.

4. Our Proposal

A proposed scheme composes of two stages: rough es-
timation and refinement. The rough estimation is used to
find approximate placement of a node in VE map before
entering the refinement stage where an exact position and
an appropriate group are calculated. We also propose to use
super nodes in order to achieve scalability and efficiency.

4.1. Rough Estimation

When a node i (player i) need to play MOG with
other players, it asks current VE map from the server (S)
whose IP address is known in advance. The IP address of
the server is published by the game company. First, the
new node measures the delay with three randomly cho-
sen nodes appeared in the VE map in order to calculate its
approximate coordinate (xi, yi) in the same virtual space.
The calculation can be done by preliminary geometry. If
there are less than three nodes in the current VE map, the
node measures the delay with all possible nodes (one or
two nodes). The first node in the VE map is always at co-
ordinate (0, 0). The second node can be at any point on the
circumference of the circle whose center is at (0, 0) and
the radius is r. The delay measurement can be done by any
available tools such as ping. This step is called a rough es-
timation procedure.



Algorithm 1 The grouping algorithm.
1: procedure GROUPING
2: get VE map from the server
3: (xi, yi)← (0, 0)
4: if n ≥ 1 then
5: call ROUGH procedure
6: Gcandidate ← a set of groups whose all

members are within radius Ri centered at
(xi, yi)

7: call REFINE procedure
8: while (gi = ∅) & (Di < Dmax) do // (node

i does not have a group) & (the threshold
delay is still less than some defined value)

9: increase threshold Ri and Di

10: Gextend ← a set of groups whose all mem-
bers are within radius Ri centered at
(xi, yi)

11: Gcandidate ← Gextend −Gcandidate

12: call REFINE procedure
13: end while
14: end if
15: end procedure

4.2. Refinement

The new node chooses a group whose all of the nodes
are within the radius Ri centered at itself (xi, yi) to per-
form a refinement procedure. There may be many groups
that satisfy this requirements. A set of such groups is called
a candidate group (Gcandidate). Let lmax be the distance
between the new node and the farthest node in a group. If
there are many candidate groups, the new node will choose
a group whose lmax is the minimum. Then it performs
delay measurement to all nodes in the chosen group and
check whether the measured delays are less than its de-
fined threshold (Di). If this condition is satisfied, the new
node enters this group and re-calculates its location (xi, yi)
in the VE map according to new measurements. Other-
wise, the new node chooses the next candidate group and
performs the refinement procedure again. The next candi-
date group will be a group whose lmax is the minimum ex-
cept the groups that have been tested already. If there is no
any group that satisfies its threshold, the new node will in-
crease the threshold (Di), i.e., enlarge the radius (Ri) in
the VE map and perform the above process again.

The pseudo-codes of the above mentioned procedures
are shown in Algorithm 1, 2, and 3. Algorithm 1 is an main
algorithm while Algorithm 2 and 3 show the rough estima-
tion procedure and the refinement procedure respectively.

Algorithm 2 The rough estimation algorithm.
1: procedure ROUGH
2: if n < 3 then
3: measure delay with all current nodes
4: else // n ≥ 3
5: measure delay with 3 random nodes
6: end if
7: calculate rough (xi, yi)
8: end procedure

Algorithm 3 The refinement algorithm.
1: procedure REFINE
2: sort the groups in Gcandidate according to lmax in

ascending order
3: gtest ← first group in Gcandidate

4: repeat
5: for all nodes in gtest do
6: measure delay
7: end for
8: if the delays to all nodes in the group < Di

then
9: calculate exact (xi, yi)

10: gi ← gtest

11: node i enters this group
12: else
13: gtest ← next group in Gcandidate

14: end if
15: until (node i found an appropriate group) or (all

groups in Gcandidate has been used up)
16: end procedure

4.3. Dynamic Grouping

However, there are both static and dynamic compo-
nents of delays which contribute to fluctuations of the
measurement. Moreover, when the packets are sent from
the same source to the same destination, they may pass
through many different routes depending on congestion
control policy, router behavior, etc. Based on the previ-
ous study [10, 13], the routes in the Internet often change
along the time, especially at the high congested routers.
Therefore, we realize that the nodes in our proposal should
adapt along with current network characteristics. In partic-
ular, if the current delay is higher than the threshold (Di), it
may change to another groups by using the refinement pro-
cedures as described above. Moreover, the players can re-
quest to change group by himself if the current condition
does not satisfy. In this case, it is not necessary to perform
an active measurement, the nodes can use the delays mea-
sured from the packets sent and received by the game it-
self, i.e., passive measurement.
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Figure 1. Refinement procedure.

4.4. One Example

An example of group selection is illustrated in Figure 1.
In Figure 1, node u firstly joins the game, therefore the po-
sition of u is (0, 0). The next player is v and it chooses to
be at (0, ruv). In fact, node v can be at any point on the cir-
cumference of the circle whose center is (0, 0) and radius is
ruv . After the third node w has known rwu and rwv , it can
calculate its approximate location. Let consider more de-
tailed scenario where the current VE map composes of all
nodes shown in the figure except node e which are going
to join the game. Currently, there are already five groups
in the VE map. The nodes in the same group are connected
by the solid line. After node e has got a VE map from the
server and calculated its rough location, it found that there
are two candidate groups (group 2 and 5) within in its de-
fined radius Re. Node e then performs the refinement pro-
cedure with the group 2 because lmax of group 5 is less
than that of group 5. It measures the delay with all mem-
bers in group 2, i.e., node a, b, c, and d. The measured de-
lay is less than its threshold De, therefore node e decides
to join this group and it also updates its location accord-
ing to new measured delays.

4.5. Super Node

We also introduce super node which is a representa-
tive node of each group in order to achieve more efficient
and scalable approach. Consequently, the rough estima-
tion procedure is slightly different from the algorithm de-
scribed so far. Instead of randomly choosing three nodes
from all of the current nodes, the new node will randomly

chooses three nodes from a set of super nodes. A proce-
dure used to determine the super node is as follows.

Each node measures the delay with all members in the
group, it then sums all of the measured delays. A node
whose this sum is minimum will be the super node. How-
ever, a node which can be the super node must join the cur-
rent session more than a specified period of time (Tjoin),
i.e., the node must play the game more than Tjoin min-
utes. Additional rule is that the first node who joined the
group will be super node automatically. This selection will
be done every time that a new member joins the group. As
an optional, we can also force to perform this selection pe-
riodically in order to rotate the role of super node.

The responsibility of Super Node The super node has
a responsibility to report the current location of all group
members to the server. The super node can use passive
measurement to calculate the current locations. It can re-
port the information of many nodes within one packet. Ac-
tually, the super node can report such information if there
is any changes, otherwise it does nothing. If we do not have
the super node, all nodes must report its own location by
itself which incurs a large amount of traffic compared to
the case of using the super node as being analyzed in Sec-
tion 5.

5. Performance Analysis

Since we have two versions of the proposal depend-
ing on whether we use the super node. For the sake of re-
ferring, we name basic and super scheme for a proposal
with and without super node respectively. To show the ef-
ficiency and scalability of our scheme, we decided to use
the number of transmissions (Tx) as a metric in the evalu-
ation. We note that this metric counts only overhead pack-
ets.

Assume we have n nodes and such n nodes construct
m groups where m ¿ n. It is explicitly that the num-
ber of transmissions is n and m for the basic and super
scheme respectively. Actually, n-order is much more than
m-order. For example, StarCraft and WarCraft can support
up to eight players simultaneously which means that the
super scheme sends the control packets less than the ba-
sic scheme eight times at the extreme case. This highly af-
fects the network condition especially the popular games
which has many thousand users at some point of time.

6. Related Work

Andersen et al. [5] introduced a Resilient Overlay Net-
works (RON) which react quickly against network fail-
ure or degradation. Generally, it takes a few minutes to



find a new path by BGP-4 but RON takes only a few sec-
onds which much less than traditional approach. Moreover,
users can choice prioritize latency, loss rate or throughput.

Pantel and Wolf [9] studied an effect of delay in net-
worked game. As reported in the paper, over 500ms delay
is a cause that the action and reaction do not fit together.
The players can control and it is possible to adapt its own
style and situation in 200ms delay network but the over-
all behavior is not realistic. 100 ms delay is acceptable if
there is no high demands. It is hard to notice 50ms de-
lay. They concluded that the delay highly affects the net-
worked game.

Jehaes et al. [8] proposed a QoS scheme to manage
the delay in networked game by discriminating the game
packets from other packets (e.g. web traffic). High prior-
ity packets will be sent quickly.

Hu and Liao [7] proposed a fully-distributed peer-to-
peer architecture to solve the scalability problem of Net-
worked Virtual Environment. To solve such problem, they
explain how a node in P2P network find neighboring nodes
by using voronoi diagram in virtual environment. In con-
trast, we proposed to construct the topology according to
network characteristic.

CAN [11], Chord [12], Pastry [6], and Tapestry [14] use
Distributed Hash Table to find resource in P2P networks
quickly and efficiently. These schemes are also scalable
and robust to node participation and secession.

7. Conclusion

In this paper, we have proposed a measurement-based
topology construction using VE map for P2P networked
game. This method decides an appropriate group accord-
ing to desired thresholds determined by each player which
may highly differ. The key idea is to measure each node’s
delay in order to decide a coordination and choose a group
that meets the requirements. This is done in two stages,
i.e., rough estimation and refinement procedure. Our fu-
ture work is to implement it as a middleware and evaluate
our scheme.
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