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Abstract

Recent online games exert increasing impact on network traffic. While considerable

research efforts have been placed on the study of game network traffic, most

studies examine either only a small sample of games or games within a specific

genre. This paper aims to utilize extensive resources of all notable research

studies on online game traffic published over the last decade, and obtain a

critical understanding of traffic pattern from game genre perspective. A

general classification will be given according to game genres in order to

highlight the characteristics pertaining to different game types. Network

traffic studies for various game genres will be analyzed individually in the

packet level, i.e. interarrival time and packet size. Having highlighted

the current research gaps on game network traffic study, this paper will

also provide suggestions on areas worthy of future research. The research

outcomes from previous studies, despite having some minor discrepancies,

have evidenced major commonalities that offer consistent perspectives of

online game traffic. These results can be correlated as a guide for general

traffic modeling for each game genre that depicts the characteristics of network

traffic trends.
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1. Introduction

The growth of online game traffic over the last decade has placed a notable

impact on today’s Internet infrastructure, which has drawn the attention

of academic researchers across numerous disciplines. Fueled by increasing

provisions and consumer uptake of broadband internet, the market value of

online gaming for 2011 is expected to overtake 2003 by approximately 50% [1].

The term massively multiplayer online game (MMOG), has become extremely

popular in recent years. MMOGs extend the gaming experience from being

confined to single or a few players to thousands of people who may participate

and interact online simultaneously. By 2008, the total active subscriptions

of MMOGs reached over sixteen million users [2]. As a result of the rising

popularity of MMOGs, there has been a growing impact placed upon Internet

traffic. With the ever escalating complexities of the latest games, including

essential aspects such as graphics, sound, physics models, and gameplay, more

information needs to be transported over the network, of which represents a

considerable portion of Internet traffic load. Consequently, increasing efforts

have been placed on investigating and characterizing network game traffic

patterns in order to evaluate the requirements and provisions necessary for

MMOGs.

At present, most studies examine only one or a limited number of games.

Research in [3] reviewed over twenty different games, but all belong to first-person

shooting (FPS) game category, and there exist a range of numerous other

different game genres. Hence there is a lack of a broader, more comprehensive
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classification of online game traffic patterns which takes into account the

various types of MMOGs. The main motivation behind this article is thus to

incorporate all existing and significant studies in the field of game network

traffic in order to produce a more wholesome reflection of the characteristics

pertaining to individual game genres. This is achieved by utilizing sample

statistics from relevant studies, from where a collective analysis is carried out

for specific game types.

Despite the healthy quantity of research that has been published in this

area since 2000, most articles tend to focus on the measurement and modeling

of network traffic from a network engineering perspective, while comparatively

little attention was placed on explaining and justifying why game network

traffic behaved in a specific way. Hence, in addition to the comparison and

analysis of existing research results, the value of this paper is that it attempts

to obtain a critical understanding of game network traffic behavior according

to the specific characteristics residing among various game genres.

This paper intends to appeal to a range of potential readers. With

the increasing popularity of MMOGs, game network study has become an

emerging topic area. Hence, the work in this paper is suitable for general

researchers who have just entered the field and wish to obtain a comprehensive

overview of game network traffic profiles as means of stimulating further

studies. Naturally, network service providers are also likely to be interested

as the paper can provide them with a broader reflection of game traffic

behaviors for specific game types, and inform of the likely effects of network

game traffic on service provision. Game designers may also find practical

uses for the outcomes in this paper in terms of the potential impact of the
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intricacies and requirements of networks on game design.

The purpose of this paper is to review and analyze the existing research

on MMOG network traffic studies in order to provide a fundamental tutorial

paper for the target readers mentioned above. The following section provides

a general classification of MMOG genres. Section 3 explains the research

methodology, and explores current research resources in the field of online

game traffic. Section 4 to section 9 analyze network traffic of each game genre

based on their unique characteristics. Section 10 gives an overall comparisons

for all the game genres that have been studied. Section 11 suggests the

possible future research trends in MMOG network area. Section 12 concludes

the paper.

2. Genres of Massively Multi-player Online Games

Although game network traffic for various games may not share similar

characteristics, game traffic models are affected by several parameters. Firstly,

traffic intensity is largely affected by a game’s style or characteristics. Some

games require real-time reactions (such as fast-paced shooting or action

games), while others afford players more time to make decisions (such as

role playing or strategy games). Secondly, the design of a game can also

represent a critical factor in the game’s overall performance over a network.

An efficiently designed game is more likely to send less traffic across the

network in order to avoid any potential bandwidth limitations. Moreover,

some researchers have argued that user experience also places a significant

impact on traffic characteristics [4, 5]. Theoretically, all these parameters

may be used to define genres of online games according to their technical or
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Table 1: Classification of MMOG Genres

FPS

Provides rapid, weapon-based combat using a first-person perspective.
It may offer a range of playing modes, including mission-based objectives
where players work collaboratively, and death matches where they must
attempt to defeat as many opponents as possible within a time limit.

MMORPG

Allows vast quantities of people around the world to interact together,
involving the creation and development of a range of characters and their
attributes. Specific quests or missions, once fulfilled, enable players to
level up. It may also allow virtual money trading.

RTS

Involves the creation and management of various war-based resources
including infantry, tanks, factories, and planes, for battle against
opponents; and requires a more strategic style of play, and a greater
consideration of efficient production and allocation of assets.

MMOR

Also known as CRS: (Car Racing Simulations) which simulates cars,
planes, trains, boats, spacecraft, etc. Players are engaged in structured
races in fictitious or real-world settings. It often requires licences from
car manufacturers for their products to be portrayed in the game.

Sports

Represents virtually any sporting activity ranging from football, snooker,
darts, and rugby, to sporting tournaments such as FIFA World Cup
and the Olympic Games. It may need licences or permits to represent
recognized sporting personalities or tournaments.

MMOSG

Players enter virtual worlds purely to socialize and communicate with
other users, as well as to construct buildings and trade assets. It does
not prescribe explicit objectives or missions for the player, and hence the
emphasis is placed on exploration and engagement with the community.

Fighting

Enables a player to control one specific character in hand-to-hand combat
with one or more opponents. These games are distinguished by their
fast-paced gameplay, elaborate control systems, and characters’ special
abilities. Beat-em-ups may also integrate combat with weapons.

Puzzle

Designed to provide a series of challenges to the player, including spatial
awareness, time, logic, lateral thinking, memory, coordination, reflexes,
or resource management. The theme can be wide-ranging, including
notable examples such as Tetris, Bejeweled, and Brain Training.
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network requirements. MMOGs can be classified into a few different genres

including First Person Shooter (FPS) games, Massively multiplayer online

role-playing games (MMORPGs), Massively multiplayer online role-playing

games (MMORPGs), Massively Multiplayer Online Racing (MMOR) games,

sports games, Massively multiplayer online social games (MMOSG), fighting

games and puzzle games. Detailed descriptions of all these genres are shown

in Table 1.

The network architecture that a game relies on will determine traffic flow

and distribution. For server-based games, each game station (i.e. the host

PC or game console) exchanges control data and provides updates from a

centralized server which could represent a bottleneck. As for games based on

peer-to-peer networks, game stations communicate directly with each other,

and hence multicast or broadcast features are only used when necessary.

Online game networks are mostly server based. Even in a peer-to-peer game

network architecture, there has to be at least one server to regulate player

registration, as in the case for sports games. Regardless of genre, online game

applications tend to use User Datagram Protocol (UDP) to transmit short

and frequent data packets, and use Transmission Control Protocol (TCP) to

transmit long and content-aware data packets.

Most MMOGs nowadays demand broadband connection. Current wireless

broadband speeds can reach up to 54 Mbps, and the option of using either

Ethernet or WiFi connection would not impose significant impact on network

performance. As for the mobile network, the popularity of games on mobile

platforms is increasing, but most of them are independent games with only

a few puzzle and board games capable of online activity. The current mobile
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Table 2: Overview and Comparisons of MMOG Traffic Models

FPS MMORPG RTS MMOR Sports MMOSG

Games
Studied

7 9 5 2 2 1

Packet
Interarrival
Time (ms)

Server:
10 – 200
Client:
5 – 120

Server:
0 – 3179
Client:
0 – 1264

0 – 300 0 – 298 0 – 308

Server:
0 – 680
Client:
0 – 160

Packet Size
(bytes)

Server:
5 – 300
Client:
15 – 110

Server:
4 – 636
Client:
1 – 154

9 – 64 18 – 104 32 – 90

Server:
0 – 1400
Client:
0 – 900

Transport
Protocol

UDP TCP
TCP or
UDP

UDP UDP
TCP and
UDP

Network
Architecture

Server/
Client

Server/
Client

Server/
Client

Server/
Client

Peer-to-
Peer

Muti-Server
Based

Upstream
&
Downstream

Asymmetric Asymmetric Symmetric Symmetric Symmetric Asymmetric

Virtual
Environment

Repetitive Persistent Repetitive Repetitive Repetitive Persistent

internet is only capable of providing narrowband access, hence there is a

technical limitation to the development of MMOGs for mobile platforms.

Such a constraint may be overcome in the near future as developers and

network operators strive to offer users with increasing levels of data and

service provision. There has been very little work carried out on the study of

MMOGs for mobile platforms thus far, and hence further efforts can certainly

be placed on addressing the unique issues posed by mobile networks.

Based on the research of this paper, Table 2 can be produced to offer an

overview and comparisons of MMOG traffic models for major MMOG genres

in terms of packet size and packet interarrival time, underlying transport
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protocol, network architecture, upstream & downstream pattern, and the

nature of the virtual world environment. The detailed analysis of each game

genre will be presented in section 4 to section 9.

3. Methodology and Resources

3.1. Review Methodology

The review procedure involved in this paper consists of three stages:

finding literatures, categorization, and analysis. The research objective of

this paper required a range of sources to be searched for existing publications

on online game traffic. At the first stage, certain keywords were identified

and used during the search process, as well as specific journal databases

and journals from where reliable articles can be retrieved. The initial search

strategy comprised of general search terms such as Massively Multiplayer

Online Game or MMOG, online game network, and online game traffic, in

order to enable a broad yet relevant articles to be obtained. These terms

were used in three principal databases: the ACM Digital Library, IEEE

Explore, and Google Scholar. A date restriction was imposed to retrieve

articles published since 2000. From the results, each article was filtered for

relevance and crossed referenced to find additional articles which may have

been omitted from the search. Following this process, an initial 99 articles

were retrieved for further examination.

The next stage involved the categorization of the articles. The first broad

classification was performed to distinguish between studies on traffic analysis,

those on network architecture, or any other aspect. Out of the 99 articles

obtained above, a total of 39 were relevant to traffic analysis. These 39
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articles were further categorized with respect to established online game

genres, where each paper may be archived in any one or a combination of

genres.

In the analysis stage, the specific content in each paper was then examined

to find common perspectives on which comparisons can be made between

games. However, due to the lack of a standard approach towards online game

traffic analysis, a large assortment of research techniques were employed in

existing research, and hence it was difficult to ascertain a common angle on

which comparisons can be made. However, the factors of packet size and

packet inter-arrival time have been commonly referred to in the majority of

articles, and thus this paper will review and compare findings based on these

two factors, which will enable readers to obtain a quick and a representative

summary of the nature of game network traffic. Packet interarrival time is

the interval between the time that two consecutive packets are sent. Packet

size normally refers to the packet measurement in the unit of bytes.

In this paper, online game traffic studies are reviewed based on the

characteristics of game genres. Within each genre category, the focus is

placed on a few representative articles that had produced explicit statistical

results for the network traffic models. Due to the inherent features of individual

game genres, this analysis could not include a discussion of each genre using

consistent perspectives. For example, in the FPS genre, the consideration of

burst traffic characteristics will typically be more significant than examining

traffic volume due to the rapid, drop-in/out nature of the games in that

category. On the other hand, the issue of burst traffic is likely to be less

significant than traffic volume for a slower-paced MMORPG title since users
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are likely to engage in more prolonged periods of play as opposed to short

sessions of rapid play. Hence, in the following analysis, emphasis will be

placed on slightly different aspects of consideration for the respective game

genres.

In the field of online game study, user behavior analysis is an important

topic which examines players’ online states from a sociological perspective

and the consequent effects on the network. While numerous articles exist on

user behavior analysis, it is not the objective of this paper to explore these.

Rather, this research aims to compare and analyze traffic pattern based on

the unique design features of each game genre, such as storytelling, virtual

environment construction, and server updates. These factors all have notable

influence on the network traffic shape (i.e. packet size and interarrival time).

During the analysis process, some minor discrepancies have been discovered

among different articles although they were evaluating the same online game.

This may be due to the fact that researchers had used different approaches

during their examinations in terms of traffic capture and quantitative analysis.

For example, both the traffic capture duration and the number of online

players can affect the traffic profile study. On top of that, some articles

did not include thorough documentations of traffic traces and system setup,

which have added extra difficulty to the investigation of this paper. Nevertheless,

despite the slight differences of the past studies, all the existing research

outcomes have produced major commonalities that offer consistent views of

online game traffic.
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3.2. Existing Studies on MMOG Network Traffic

Prior to the beginning of this millennium, internet connections were

limited by the capacity of the then common dial-up modems, which were

capable of speeds of up to 56Kbps by the late 1990s. While such speeds

permitted information exchange during the early days of the internet, developments

in the area of graphical MMOGs (i.e. those which utilize relatively complex

graphics as opposed to text-driven games) were naturally restricted to the

amount of data that could be realistically carried via modems. During

the 1990s, early examples of graphical MMOGs include Neverwinter Nights,

Ultima Online, and Everquest, all of which eventually received notable success

and helped to popularize the MMOG genre. Despite this early success, it was

not until the availability and uptake of broadband internet in recent years

that fueled the next wave of developments in MMOGs. This subsection lists

all significant aspects of research published after the year 2000 in the field of

network traffic studies, as well as some resources for statistics information; in

addition, the existing research work on other network perspectives are also

briefly described.

Over the last decade, there have been considerable research efforts placed

on studying online game traffic. Table 3 lists all the research articles on

network traffic studies of various game genres since 2000. This existing

body of work has focused predominantly on traffic modeling, sampling and

characterizations, and has therefore made significant contribution to the

prediction of game network traffic. Among the research papers published in

the five years between 2000 and 2004 that were concerned with game network

traffic analysis or modeling, the vast majority (82%) were on FPS games,
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Table 3: Existing Research on Game Traffic Studies

Genres Games that have been studied and years of publications

FPS

Counter-Strike [6, 7, 8, 9, 10, 11, 12]: 2007, 2006, 2005, 2004, 2003, 2002, 2002
Quake [5, 13, 14, 15, 16, 17]: 2001, 2006, 2004, 2003, 2002, 2000
Half-Life [5, 18]: 2001, 2003
Halo 2 [6, 19]: 2007, 2005
Day of Defeat [8]: 2005
Medal of Honour: Allied Assault [8]: 2005
Unreal Tournament 2003 [8]: 2005

MMORPG

World of Warcraft [4, 6, 20, 21, 22]: 2009, 2007, 2008, 2008, 2007
Shenzhou Online [23, 24]: 2009, 2006
Eve Online [4, 20]: 2009, 2008
Star Wars Galaxies [4, 20]: 2009, 2008
Guild Wars [4, 20]: 2008
Lineage II [25]: 2005
The Legend of Mir [26]: 2006
Silkroad Online [4]: 2009
Anarchy Online [6]: 2007

RTS

Warcraft III [27]: 2005
Age of Mythology [27]: 2005
Command and Conquer: Generals [27]: 2005
Age of Kings [16]: 2002
Starcraft [28]: 2005

MMOR

Grand Prix 3 [16]: 2002
Test Drive Unlimited [6]: 2007
[29] - a general car racing game model: 2002

Sports
Madden NFL Football [30]: 2004
Tony Hawks Project 8 [6]: 2007

MMOSG Second Life [31, 32, 33, 34]: 2010, 2008, 2007, 2007
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Table 4: More information on the games that have been studied

Genres Titles
First

Release

Minimum Requirements

CPU RAM Graphics

FPS

Counter Strike 1999 500 MHz 96 MB 16 MB

Quake 1996 66 MHz 8 MB 1 MB

Half Life 1998 500 MHz 96 MB 16 MB

Halo 2 2004 733 MHz 64 MB 233 MHz

Day of Defeat 2000 500 MHz 96 MB 16 MB

Medal of Honour 1999 450 MHz 128 MB 16 MB

Unreal Tournament 2003 2002 733 MHz 128 MB 16 MB

MMOPRG

World of Warcraft 2004 1.3 GHz 1 GB 64 MB

Shenzhou Online 2003 1.5 GHz 1 GB 64 MB

Eve Online 2003 1.5 GHz 1 GB 128 MB

Star Wars Galaxies 2003 933 MHz 256 MB 32 MB

Guild Wars 2005 800 MHz 256 MB 32 MB

Lineage II 2003 1.0 GHz 512 MB 256 MB

The Legend of Mir 2001 400 MHz 64 MB 16 MB

Silkroad Online 2005 800 MHz 256 MB 64 MB

Anarchy Online 2001 450 MHz 256 MB 32 MB

RTS

Warcraft III 2003 400 MHz 128 MB 8 MB

Age of Mythology 2002 450 MHz 128 MB 16 MB

Command and Conquer 2003 800 MHz 128 MB 32 MB

Age of Kings 1999 166 MHz 32 MB 2 MB

Starcraft 1998 90 MHz 16 MB 16 MB

MMOR
Grand Prix 3 2000 266 MHz 32 MB 16 MB

Test Drive Unlimited 2006 2.4 GHz 1 GB 1.0 GHz

Sports
Madden NFL Football 1988 400 MHz 64 MB 16 MB

Tony Hawks Project 8 2006 3.2 GHz 512 MB 500 MHz

MMOSG Second Life 2003 800 MHz 512 MB 1.1 GHz
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while the rest focused on RTS, MMOR and sports games. Research coverage

was sparse for MMORPGs and MMOSGs during this period. However,

for the following five years between 2005 and 2009, studies on FPS games

decreased to 28% (a fall of 54%), while studies on MMORPGs and MMOSGs

expanded to 56% and 17% respectively. This deviation in research focus could

be triggered by an alteration in the popularity of the various games. The

popularity of MMORPGs, for instance, have largely exceeded FPS games

in the past five years in terms of the number of active subscriptions [2].

Overall, in the past decade, FPS and MMOPRGs represent the two largest

game genres, which have occupied 48% and 34% of academic research efforts

respectively.

There are currently no research papers which examine network traffic

characteristics of fighting and puzzle games. Since puzzle games normally

consist of relatively simple designs and have low bandwidth requirements, the

network speed and infrastructure have little impact on the gaming experience.

Thus, the need for network traffic studies on this particular game genre is

currently minimal. However, a research gap clearly exists for fighting games,

and the demand for such research needs to be considered in the future. At

present, there is a relatively limited amount of research on traffic studies

for MMOR games, sports games, and MMOSGs, all of which should be

encouraged. Nevertheless, the work reviewed in this paper can still offer

readers with useful insight into the fundamental characteristics of network

traffic for these game types.

Table 4 lists the years of the first release of all the games that have been

studied as shown in Table 3, as well as their minimum system requirements,
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i.e. processor speed, size of random access memory (RAM), and graphic card

capacity. As can be seen in the Table 4, the minimum technical specifications

vary according to the period in which those games were released. These

requirements should be met such that the game can operate, but higher

specifications are often recommended. Generally speaking, early-developed

games have relatively low system requirements; as the IT technology evolves,

newer games such as many MMORPGs will higher hardware requirements.

Players may often experience lag when using relatively under-powered

graphics engine, but this poor performance usually remains at the user

interface level. When online game machines send data over the Internet, such

data typically contains information on location, user profiles, player status,

and so on. It is unlikely that images are sent over the Internet by online

games. Online game designers often avoid this technique of transmitting data

since images are traffic-intensive, and can cause long latencies in the network.

Hence, it can be hypothesized that graphics engines have little influence on

the network performance of an online game despite its impact on end users’

perceptions and gaming experience. There is currently a research gap on the

extent to which graphics hardware (or any other technical component of a

games machine) can directly affect networking performance.

4. FPS Traffic Analysis

4.1. Traffic Distribution

Counter-Strike, Halo, and Quake have been highly rated FPS games

(see review scores [36]), and have received great attention in network traffic

studies within academia. Fig. 1 compares the traffic distributions of these
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Figure 1: FPS traffic distributions obtained from existing studies:
Counter-Strike [11]
Quake [17]
Halo 2 [19]

three games - Counter-Strike [11], Halo 2 [19], and Quake 2 [17]. In total,

12 statistics have been generated for the three games in terms of packet

interarrival time and packet size. Among these statistics, nine have been

defined as extreme value distributions, two being deterministic distributions,

and one as a normal distribution. Fig. 1 uses Cumulative Distribution

Function (CDF) to present and compare these figures.

The network architecture of FPS games are mostly server-based. Extreme
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value distribution has been used in all three games for both packet interarrival

time and packet size of the game servers, which implies a common feature

of FPS network traffic. The extreme value distribution is normally used for

risk analysis for highly unusual events such as stock market returns, and

natural disasters such as earthquakes and typhoons. Using this distribution

to define packet interarrival time of the server indicates that the server could

occasionally be idle for an extended period of time. In terms of gameplay,

this pattern may normally occur at the end of a battle or mission when the

server is collecting statistics and reconfiguring itself, during which no data

packets are being sent out. Using the extreme value distribution to define

the packet size of the game server means it is likely to generate a burst of

traffic. This can take place in a scenario where many game characters could

die instantly during a battle (such as a death match), hence large quantities

of update information are needed to flood the network.

As for the data generated by clients, the traffic models also follow certain

rules despite some minor differences. The packet interarrival time for Counter-Strike

follows a deterministic distribution, and the one for Halo 2 has a normal

distribution. Both are evenly distributed, which means players need to send

out traffic quite regularly. Given that all reactions in FPS games are real-time

based, players need to be constantly online in order to make instant decisions

and effect changes to the game environment. For every move the game

character makes, the player’s machine needs to send out a message to the

server to report player status, which may include changes in location, the

collection of any power-ups, and upgrades for weapons.

Both Counter-Strike and Halo 2 have an extreme distribution for the
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packet size sent from clients to the server, which means clients can occasionally

create burst traffic. When a game character is running, walking or shooting

in the virtual world, the player’s machine only needs to send out standard

pieces of information to the server to update status. Burst information will

be sent out when other significant events occur in the game, such as, in more

realistic games, the loss of limbs or any harm done to the character, and any

alteration of the game environment caused by the game character (such as

physical destruction to buildings).

Quake 2 however has an extreme value distribution for the packet interarrival

time and a deterministic distribution for the packet size, which are different

from the distributions for Counter-Strike and Halo 2. The distribution types

obtained in the research outcomes from [17] generally corroborate with those

from [16]. The difference between Quake on the one hand, and Counter-Strike

and Halo 2 on the other, is caused by their slightly different game styles.

Quake, being an older generation game as compared to Counter-Strike and

Halo 2, was designed with a relatively simple structure to suit the then

narrowband speed of Internet users at that time (i.e. typically 56 Kbps).

From the network perspective, information update requests are only sent

out when necessary, which may cause occasionally long intervals for packet

interarrival time. And whenever data are sent out, standard information

will be filled in fixed-size packets in order to simplify network management

operations in a low-bandwidth environment.

Since FPS games demand real-time, instant reactions, data delivery speed

is a high priority for the network. TCP is a connection-oriented transport

protocol which offers reliable data delivery; however its re-transmission and
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Figure 2: FPS traffic ranges obtained from existing studies:
Counter-Strike [6, 7, 8, 9, 11, 12]
Quake [14, 16, 17]
Half-Life [18]
Halo 2 [6, 19]
Day of Defeat [8]
Medal of Honour: Allied Assault [8]
Unreal Tournament 2003 [8]

acknowledgement-based exchange scheme makes it unsuitable for real-time

applications such as FPS games. UDP is the other main protocol in the

transport layer of the network. Game traffic that employs small and highly

periodic UDP packets will experience a low-latency data delivery process,

hence most FPS games are currently supported by UDP.

4.2. Traffic Ranges

Fig. 2 illustrates traffic ranges of FPS games provided by existing research

sources. The solid lines stand for the server traffic range and the dash lines
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stand for the client traffic range. Some studies (i.e. Halo 2, Day of Defeat,

Medal of Honour, and Unreal Tournament) did not specify whether the data

were for the server or the client during the traffic capture procedures, hence

the range values are used for both in the diagram, although it might not be

the case in the actual scenarios. The data for packet interarrival time of Day

of Defeat, Medal of Honour, and Unreal Tournament games are not available

and are marked as N/A.

For the same game title, there have been some discrepancies of results

among different research articles, which may be caused by different research

approaches and objectives. However these existing research outcomes do offer

a broad view of FPS games, and can act as good references for the future

traffic study. Overall a consistent traffic model can be observed. The size

of packets created by FPS game servers would be generally in the range of

5 – 300 bytes, and those created by clients would be 15 – 110 bytes. The

interarrival time of packet arrival in the servers would be 10 – 200 ms, and

it would be 5 – 120 ms for the clients.

Packets sent by the server are generally larger that those sent by the

client, which is not unexpected. Each client needs to send point-to-point

messages to the server, while the server has to gather all the statistics and

distribute information to all players through multi-cast or broadcast. As

for the packet interarrival time, the difference between server and client is

minimum. This complies with the previous analysis - both types of network

devices (server and client) need to be constantly online in order to process

instant information.
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Figure 3: MMORPG traffic distributions obtained from existing studies:
World of Warcraft [22]
Shenzhou Online [24]
Lineage II [25]
The Legend of Mir [26]

5. MMORPG Traffic Analysis

5.1. Traffic Distribution

Fig. 3 compares the distributions of packet interarrival time and packet

size of four MMORPG traffic models that have been investigated by academic

researchers - World of Warcraft (WoW) [22], The Legend of Mir [26], Shenzhou

Online [24], and Lineage II [25]. The findings in Fig. 3 indicate that the

diversities of game design and player skills lead to an assortment of traffic

behaviors. In WoW [22], the Weibull distribution was used to define the
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packet size for both server and client; the packet interarrival time for the

client was discovered as a Lognormal distribution pattern, while the one

for the server was determined by a joint distribution of three uniformly

distributed variables. In Shenzhou Online [24], no distribution function was

given to the packet size, although the packet interarrival time was analyzed

as an exponential distribution for the active sessions, and a hybrid uniform

plus deterministic distribution for the idle session. In Lineage II [25] and The

Legend of Mir [26], no distribution functions were empirically proposed to fit

the traffic pattern. This wide range of diversity makes it very challenging to

model traffic patterns for MMORPGs.

MMORPGs provide higher tolerances for network delays, hence many

MMORPGs such as WoW use TCP as the transport protocol [22]. Realtime

application over TCP is a new class of service. TCP as a reliable transmission

protocol is an ideal transport platform for MMORPGs as it can prevent error

propagation during long play sessions.

5.2. Success of World of Warcraft

When Lineage was released a decade ago, it soon became one of the

most popular MMORPG games of its time. Statistics from [2] revealed that

Lineage reached its maximum subscription number of over three million users

in 2004, and then it was overtaken by the rapid growth of WoW. Between

2005 and 2008, active subscriptions of WoW dramatically increased from zero

to ten million within these three years. This phenomenon affirms the massive

uptake of MMORPG games.

One interesting appearance can be observed in Fig. 3 which did not

exist in FPS game traffic patterns. The curves that are stacked in the
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packet interarrival time diagram always appear roughly in the reverse order

as compared to those in the packet size diagram, for both the client and

the server. This can be interpreted from the angle of traffic volume and

intensity. Shorter and more consistent arrival intervals combined with bigger

and more diverse packet size means higher traffic volume; The Legend of

Mir is the extreme case in this scenario. On the other hand, longer and

more diverse interarrival time combined with shorter and more consistent

packet size means lower traffic volume in the network, of which WoW is

the extreme case. This analysis can be used as one of the arguments as to

why WoW has been so successful in recent years. Traffic volume with low

intensity can lead to little congestion in the network, which means that an

enormous amount of online players can join the game without having to fight

for network resources. WoW has created a smoothed traffic pattern over the

networking timeline, which offers appealing accommodations for players from

the network perspective.

5.3. Traffic Ranges

Fig. 4 illustrates traffic ranges of MMORPGs obtained from existing

studies. Some values of the packet interarrival times are marked with symbolic

positions (i.e. Eve Online, The Legend of Mir, and Anarchy Online) as they

are out of the scope of the diagram. A large variety of traffic ranges can be

found in the packet interarrival time diagram, hence the mean value of each

range has been annotated to help with the analysis.

The size of packets created by MMORPG game servers would be generally

in the range of 4 – 636 bytes, and those created by clients would be 1 – 154

bytes. Despite some minor discrepancies of data obtained, the statistics
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Figure 4: MMORPG traffic ranges obtained from existing studies:
World of Warcraft [6, 20, 21, 22]
Shenzhou Online [24]
Eve Online [20]
Star Wars Galaxies [20]
Guild Wars [20]
Lineage II [25]
The Legend of Mir [26]
Anarchy Online [6]

24



for packet size of MMORPGs are quite consistent. The range of server

packet size and client packet size are drastically different. Client packets

only contain commands from one player, while the server has to convey

the messages to and from all players. This indicates that the server carries

much heavier duties than the client in terms of information update and game

configurations. Some games such as WoW and Anarchy Online contain long

tails for the server packet size [6]. Although large packets are needed for

special circumstances where enormous updates are required, game designers

have to minimize this implementation in order to avoid network congestion

and reduce the latency.

The interarrival time of packet arrival in the servers would be 0 – 3179

ms and it would be 0 – 1264 ms for the clients, which are both quite widely

ranged values. The reason for it is that the diversities of game design and

the massive variety of player profiles result in a vast assortment of traffic

behaviors in MMORPGs. For example, the aggregate packet inter-arrival

time of Lineage II game is dependent on the number of concurrent users [25].

Nevertheless, the mean values of interarrival time are ranged at 81 – 1190

ms for the server and 120 – 1163 ms for the clients, which indicates that

MMORPG is a relatively slow-paced online games.

5.4. MMORPG vs. FPS

MMORPG and FPS represent the two largest categories of online games

in terms of subscriptions, and these two game genres have also received the

most attention in the academic research field as indicated in Section 3.2.

With the stimulation of the broadband Internet growth, the popularity of

MMORPGs have largely exceeded FPG games in recent years. One of the
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reasons for this is the novel and unique feature of MMORPGs which offers

appealing and persistent virtual environment for players. This type of virtual

world is typically hosted by a single game server and remains in constant

operation, where thousands of players can join or exit the game at any time.

Hence, a player who returns to the game after several days may find that

the world has been subtly altered by other players. This sense of novelty

and unpredictability means that MMORPGs can offer a unique sense of

appeal to gamers. Servers for other game genres can host multiple game

sessions simultaneously for many groups of players, but game sessions for each

individual level usually prescribe a repetitive virtual environment, whereas

an MMORPG server only hosts one game for all players with a constantly

updated gaming environment.

As for traffic intensity, the packet interarrival time for MMORPGs are

much longer than FPS games, indicating that MMORPGs are a relatively

slower paced game type. Players in MMORPGs can make decisions in the

order of seconds or even minutes, while FPS players often need to make

instant, sub-second decisions. At the network level, the server packet size is

generally larger than the client packet size in an MMOG network, but this

contrast in MMORPG traffic is considerably larger than that for FPS games.

This implies that a MMORPG server may be dealing with much more players

online simultaneously within one game, hence the server may have to send

updates to thousands of players. On the other hand, the tasks of FPS game

server are distributed to multiple game sessions where much fewer players

are involved.
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Figure 5: RTS traffic distributions obtained from existing studies:
Warcraft III [27]
Age of Mythology [27]
Age of Kings [16]
Starcraft [28]

6. RTS Traffic Analysis

6.1. Traffic Distribution

Fig. 5 compares the traffic distributions of four RTS games - Age of

Kings [16], Warcraft III [27], Age of Mythology [27], and Starcraft [28]. All

the statistics are demonstrated in the CDF format. The distribution curves

for the server and the client are, if not identical, very close to each other;

hence only one curve is presented for both of them in Fig. 5. The resemblance

of the server and client traffic profile indicates a symmetric traffic pattern

27



Figure 6: RTS traffic ranges obtained from existing studies:
Warcraft III [27]
Age of Mythology [27]
Age of Kings [16]
Starcraft [28]

in the network for uploading and downloading streams. The curves for Age

of Kings and Warcraft III follow a similar trend line, implying that some

common design features exist in the two games.

The distribution of Age of Kings has been defined as a joint exponential

and normal distribution [16], while the one for Starcraft has been modeled

as an exponential distribution in [28]. The packet size has been observed as

a series of distinct values, which implies that standard packet formats are

used to convey messages in different interaction modes. The use of fixed-size

packets can simplify the switching and routing process, hence alleviating the

burden on network management.

RTS games also typically utilize server-based network architectures. The

fact that latency does not have a huge impact on RTS game performance

means TCP is a suitable underlying transport protocol. In some cases such

as Age of Kings [16], TCP is only used in the beginning of the game session,

from where UDP is employed for the transmission of actual commands.
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6.2. Traffic Ranges

Fig. 6 illustrates traffic ranges of RTS games obtained from existing

studies. Due to the symmetric feature of uploading and downloading streams

in RTS games, only one range is displayed for both server and client traffic.

Data in this figure for all the games indicate a relatively consistent profile of

RTS traffic, which implies common characteristics of RTS games.

A relatively wide range of packet interarrival time can be observed. While

RTS games are played online on a real-time basis, it emphasizes strategy

rather than instant reactions. Aspects such as understanding the game,

reading a campaign map, and developing a good strategy play important roles

in RTS games; hence in some occasions, players can take several minutes to

make a decision. During this time the player may not be making any action

or movements, although the system still needs to perform periodic status

updates.

6.3. RTS vs. MMORPG

The pace of gaming for RTS and MMORPGs are quite similar from the

perspective of players. There is often very little to distinguish between

MMORPGs and RTS games. Indeed, the Warcraft franchise was initially

designed as an RTS game, before its transition to an MMORPG in the form

of WoW. In terms of contents, RTS games contain similar strategic and

role-playing elements as found in MMORPGs. Typical RTS user interactions

are separated into three basic components: explore, build, and combat [27].

Building is for players to gather resources, construct defenses and recruit

units; exploration is for players to send units out to investigate geographic

layout and location of the other players; combat means that players engage
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their units with other units in battle. The client packet size of RTS games

falls into a similar range with the one in MMORPGs, which indicates the

common feature of the traffic patterns of the two game genres.

However the traffic profiles for the two game genres are quite different, as

shown in the discussions of this paper. The major reason for this difference

resides in the number of permissible online players. MMORPGs can generally

employ a vast number of players at any given time, while the number of

online players for an RTS is comparatively smaller. Hence the diversity of

the MMORPG traffic pattern is quite severe, while the traffic profiles for

different RTS games are relatively consistent with each other.

As the number of players in MMORPGs are usually much larger than

the one in RTS, a typical MMORPG server has to send out more update

information than an RTS server, hence the range of packet size of an MMORPG

server is much larger, thus giving rise to the asymmetric traffic pattern in

the network. MMORPGs can also have exceptionally long interarrival time

(i.e. heavy tails in the distribution), for example, Eve Online game can have

a long gap of 1190 ms [20]. On the other hand, the packet interarrival time

range of RTS games is much more moderate which remains within 300 ms.

7. MMOR Traffic Analysis

There have not been sufficient amount of research efforts on MMOR traffic

study so far. Fig. 7 shows the data obtained from existing research sources

for two games: Grand Prix 3 [16], and Test Drive Unlimited [6]. Research

in [29] did not produce any statistical results for packet size and packet

interarrival time. The traffic pattern for MMOR games are symmetric for
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Figure 7: MMOR traffic ranges obtained from existing studies:
Grand Prix 3 [16]
Test Drive Unlimited [6]

uploading and downloading streams, so only one range is illustrated for both

server and client traffic in the diagram. Both games fall into a similar traffic

range with short packets produced in relatively short intervals.

The statistical model for network traffic in Grand Prix 3 indicates that

both server and client send and receive equal amounts of traffic. Smaller

packets are used in the beginning and the end of game sessions; bigger packets

contain actual player commands. The 27 bytes maximum packet size in [16]

and the 80 bytes average packet size in [6] are both considerably smaller than

those of other game genres. As for the packet interarrival time, although the

distribution for the server and the client are not identical, there are noticeable

similarities between them. Both follow a mixture of extreme, deterministic

and exponential distributions, and have a range of 60 – 150 ms, except for

slight differences in the beginning of the game sessions when smaller packets

are being transmitted.

In MMOR games, short data packets are being exchanged frequently

across the network as the game is extremely responsive to the player’s manipulation

of the vehicle. The unique characteristics of different vehicles can translate

into varying levels of sensitivity for aspects such as handling, gear change,

and steering (for example, a Ferrari Enzo is likely to behave in a completely

31



different way to a Fiat Panda), not to mention variations in vehicle performance

as the result of changes in road surface and weather conditions. Hence,

the server and client have to constantly exchange information in order to

maintain the accuracy of the vehicle’s performance. And for that matter,

UDP is used as the transport layer protocol for this type of game to ensure

the speed of data delivery.

8. Sports Traffic Analysis

8.1. Traffic Ranges

Sports games are generally fast-paced games as they demand instant

responses from players, short and frequent data packets are exchanged in

the network. Hence UDP is a better solution for the transport protocol.

Although there is a server in the network, its function merely includes registering

players before the game starts and receiving online status updates from time

to time, which may help players to find each other during social play. During

the game session, game applications run in a peer-to-peer pattern where

players exchange updates and action information between one another.

For traffic studies of this genre, there have also been lack of significant

amount of research efforts. Fig. 8 illustrates all the available statistics

in existing research for two games: Madden NFL Football [30] and Tony

Hawks Project [6]. Sports games also feature in symmetric uploading and

downloading data streams, hence only one range is displayed for both server

and client traffic. The maximum packet interarrival time of Tony Hawks

Project is marked in a symbolic position as it is out of the scope of the

diagram. The average values for Tony Hawks Project data are labeled in the
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Figure 8: Sports game traffic ranges obtained from existing studies:
Madden NFL Football [30]
Tony Hawks Project 8 [6]

diagram to help with the analysis.

Packet interarrival time and packet size for Madden NFL Football were

presented in CDF format in [30]. Although no distribution functions were

proposed to characterize sports game traffic models, it can be observed

that the interarrival time follows a pattern that is quite close to a uniform

distribution. The packet size includes a series of constant values, although

this does not mean that standard format packets are being sent out in the

network as in the case of RTS games. As discovered in [30], when the network

configuration scenario changes such as the round-trip time, the packet size

distribution would be formed by a different series of constant values. The

statistics ranges produced by [6] and [30] both produce consistent view of

traffic profile of sports games.

Although Fig. 8 reveals some discrepancies for the ranges, there exists a

certain level of concurrence in the traffic pattern of this genre. The average

values for Tony Hawks Project game are close to the data range of Madden

NFL Football game. In addition, the distributions for packet interarrival
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time and packet size are generally consistent. The reason for this is that

despite the randomness of events in a sports game, there can be events that

are quite close or overlapping with each other to some extent: for instance, a

player interacts within a relatively fixed and limited area (such as a football

field or an athletics track), and performs repetitive and comparatively simple

actions (such as to shoot, run, or throw). This form of concurrence in the

traffic pattern can simplify the network resource scheduling process, and is

hence beneficial to network performance management.

8.2. Sports vs. FPS vs. MMOR

Sports, FPS, and MMOR can all be regarded as fast-paced games with

some common features between them. They all send out short data packets

across the network in a frequent pattern, and all require instant reactions

from players. Hence, they all require UDP as the transport protocol. Meanwhile,

packet interarrival time for both FPS and MMOR games have been described

using the extreme value distribution for major portions of their network

traffic. However, each game genre has distinctive features that distinguish

them from each other.

The common feature between sports and FPS games which differ them

from MMOR is the long tails in terms of traffic distribution, which generates

a network traffic profile with greater diversity. Players are likely to be idle

for short periods during the game session, for example, a player hiding for

several minutes for an ambush attack in an FPS. Sports games, depending

on the nature of sports activity, are also likely to have idle moments. On the

other hand, MMOR games are in constant motion, and there is often little

or no opportunity for idling once the game has commenced, so the network
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data pattern are more consistent in terms of player movement and actions.

Another angle of comparison is the asymmetric pattern for upload and

download streams for FPS traffic, where there is a severe contrast between

the two streams. For MMOR and sports games, however, a similar pattern

for upload and download streams can be observed. Moreover, sports games

have a unique network architecture. Both FPS and MMOR games employ

centralized servers to configure and update information during game sessions,

while in sports games these processes are carried out among peer players.

9. MMOSG Traffic Analysis

9.1. Traffic Ranges

Despite the release of several popular MMOSGs so far, only one particular

game has been studied with great interests: Second Life. A few research

articles have explored the traffic profile of this game [31], [32], [33], of which

the data range are summarized in Fig. 9. There are some differences in the

outcomes produced by the three sources, since they all used different research

strategy and had different objectives. However the statistics can still offer an

overall picture of MMOSG network traffic. No specific distribution functions

have been proposed to fit in the traffic patterns observed in MMOSGs.

MMOSG games offer players a persistent virtual world where they can

build new environments which may contain terrain, buildings and an assortment

of objects as in real life. The number of avatars and objects in a virtual

environment promotes different levels of attractiveness, hence placing a significant

impact on the traffic pattern. As environments with different levels of complexity

and popularity would need to convey different quantities of information, there
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Figure 9: MMOSG game traffic ranges obtained from existing studies:
Second Life [31, 32, 33]

is a diversity in traffic intensity. For popular environments, the packet size

that a server sends can be as large as 1400 bytes [33] or 1300 bytes [32]. On

the other hand, in unpopular or simple environments, the packet size sent by

a server is only up to 250 bytes [33]. As for the packet interarrival time, more

popular places with many visiting avatars would generate more frequent data

packets, since more information on location and objects need to be updated.

The distinctive feature of the MMOSG traffic model is its multi-server

based architecture. The available servers can include login server, user server,

space server, data server, utility server, and simulator server. One player

can access many different servers to download real-time stream data, which

generate different traffic profiles, i.e. video, voice, audio, and data.

Both TCP and UDP are used as the transport protocol in the network

to support MMOSGs. Research in [33] states that UDP is used for the
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communication between game simulator servers and clients, while TCP is

used for external audio streaming sources such as music downloading. This

mixture of protocol usage takes advantage of each transport protocol in order

to deliver high quality data transmission based on the specific requirements

of different game applications.

9.2. MMOSG vs. MMORPG

MMOSGs are often compared with MMORPGs by researchers. Both

genres present highly similar game patterns. Unlike other games where a

server may host multiple game sessions simultaneously, each MMOSG or

MMORPG server is always hosting one designated game environment where

players may join and exit freely. The virtual world always remains persistent,

and the number of online players can be in the order of thousands. As for

traffic patterns, the mean packet size exhibits similar properties for both

game types, as observed in [33]. Both games generate a diverse range of

traffic patterns.

With respect to game design, MMORPGs typically involve the use of

prescribed missions for game progression, while MMOSGs are centered on

player socializing and player-defined objectives. Both can occasionally generate

burst traffic, i.e. an initiation of a mission in an MMORPG, and the emergence

of popular places in an MMOSG. Since MMOSGs are normally single-server

based, all traffic bursts are loaded on that game server. In MMOSGs, traffic

burden can be shared as multiple servers may be hosting various popular

places simultaneously. In addition, MMOSGs often involve video streaming

and audio downloading, hence the packet size range of MMOSGs is larger

than that for MMORPGs.
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10. Future Research Trends on MMOG Network

10.1. Addressing Research Gaps in Other Game Genres

Despite the considerable amount of research that have been carried out

so far, there has been a dearth of reliable information for other game genres.

Fighting games, in particular, should be studied for two reasons. First,

games in this category are experiencing a revived popularity, as can be seen

in recent titles such as Street Fighter IV, Virtua Fighter 5, and Tekken

6, all of which have received highly favorable review scores amongst critics

[35]. Second, fighting games yield network-sensitive performance. Games in

this genre normally involve two players engaged in a real-time fight in close

proximity. Network delays can result in notable lag for the actions of the

game characters. Hence traffic characterization and network performance

studies for this type of game are certainly worth exploring.

10.2. More Work Required for MMOSGs, Sports, and MMOR

Considerable efforts may also be expended on MMOSGs, sports, and

MMOR games where, as may be gleaned from the analysis in this paper,

there is currently a clear shortage of adequate research. More studies should

be carried out to increase the accuracy of traffic modeling for various game

genres and their specific requirements.

Given the critical nature of networks for the functionality of MMOGs,

game performance is often directly influenced by network infrastructure and

traffic characteristics. Thus, further research should also explore whether

any potential classification of MMOGs could be undertaken according to the

likely network and traffic characteristics residing among different games.
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10.3. Performance Standards

There have been some notable research work in performance thresholds

and quality of service (QoS) of MMOG networks, however the assessment

standards are still yet to be formalized. Future investigations and recommendations

can follow the successful example of the establishment of voice over IP

(VoIP) performance thresholds, i.e. ITU-T G.114 [37] defines the general

recommendations on the transmission quality for VoIP connections in the

aspects of network delay, jittering, and packet loss, and ITU-T P.800.1 [38]

recommends the VoIP performance thresholds in the aspect of the Mean

Opinion Score (MOS).

Due to the varying network and design requirements of different games,

network performance standards for specific genres would help to provide a

more objective benchmark for future evaluations of network traffic, rather

than a reliance on relatively subjective interpretations of performance in

existing studies. Such standards would help game and network designers to

cater towards the specific demands of individual game types by enhancing

network performance and, ultimately, gaming experiences.

10.4. Network Optimization

With the increasing popularity of MMOGs, game traffic will occupy a

considerable percentage of Internet traffic. With the increasing quantity of

multiplayer games running via the internet and the rise in player numbers,

these will bring forth new challenges for bandwidth optimization [39]. Therefore,

endeavors to optimize network solutions for this portion of traffic will become

increasingly important. Currently there are no designated network protocols

for online game traffic, and hence MMOGs are purely relying on the Internet
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infrastructure for inter-connection. Some research has been carried out to

compare and configure transport protocols (i.e. TCP and UDP) in order to

achieve the optimal resource provision for MMOG networks.

Modern transport networks can provide a powerful platform for the integration

of multiple services (i.e. audio, video, data, and voice). MMOGs actually

contains a traffic mixture of all four types of service. It may also be interesting

to compare the network performance supported by switching/routing level

operations, e.g. Asynchronous Transfer Mode (ATM), IP, Multi-Protocols

Label Switching (MPLS).

10.5. MMOGs in Mobile/Wireless Platforms

The popularity of mobile games is also on the increase, especially with

the recent introduction of smart phones such as Apple’s iPhone which have

attracted fervent interest from application developers, as well as established

handheld games devices such as Nintendo’s DS and Sony’s PSP. However,

most networked titles, at present, are still in relatively early stages of development

as compared to established MMOGs. In addition, since the current infrastructure

for mobile internet is largely concerned with providing narrowband access,

there is a technical limitation to the development of MMOGs for mobile

platforms. However, such a constraint may be overcome in the near future

as developers and network operators strive to offer users with increasing levels

of data and service provision. In this regard, there has been comparatively

little work carried out on the study of MMOGs for mobile platforms thus far,

and hence further efforts can certainly be placed on addressing the unique

issues posed by mobile networks.

As for the local wireless networks, current wireless broadband (a.k.a.
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WiFi) speeds can reach up to 54 Mbps, and it is safe to assume that the option

of using either Ethernet or WiFi connection would not impose significant

impact on network performance. However, valuable research can be performed

on a larger scale, such as network connections supported by Worldwide

Interoperability for Microwave Access (WiMAX). Latest research outcomes

include [40, 43]. One possible scenario for further investigation could be the

effects of playing a resource-intensive FPS game on a wireless laptop while

on board a fast moving train.

11. Conclusions

The increasing popularity of MMOGs has placed notable impact on Internet

traffic. This paper has provided an extensive review of all notable research

studies on MMOG traffic patterns published since 2000. In order to highlight

the characteristics pertaining to different game types, MMOGs can be classified

into FPS, MMORPG, RTS, MMOR, sports, MMOSG, fighting, and puzzles.

Studies, of varying levels of depth and coverage, were obtained relating to

all genres except for the latter two. The available network traffic study

for various game genres was reviewed individually with respect to packet

interarrival times and packet size, followed by an overview and comparison

of the results. Previous studies were mostly based on the research of only

one or a small selection of games, thus this paper thus offers a broader review

and comparison of different types of game traffic models. In addition, the

paper compares a few game genres that share some common features. It

is crucial to distinguish the differences between them and understand traffic

patterns of individual game genres, particularly for network service providers,

41



game designers, and researchers who have recently entered the field. As an

emerging topic for academic research, existing MMOG network studies have

indicated numerous prospects for future work, which have also been suggested

in this paper.

During the analysis process, some minor discrepancies have been discovered

among previous research outcomes, which may be caused by the different

approaches used in existing research practice. However it was still possible

to correlate separate findings on the same game title/genre, hence all games

within each of their respective genres have evidenced major commonalities

that offer consistent views of online game traffic. Each game genre produces

network traffic with unique characteristics which distinguishes itself from

others. A general traffic model can be depicted for each game genre, although

it can only be regarded as a brief guideline of traffic trends. Even within

the same game genre, the actual traffic volume running through the network

would vary depending on a few factors, such as game design philosophy, server

construction, and the population and allocation of online players. In order

to obtain comprehensive and accurate traffic model analysis in the future,

each research exercise should produce thorough documentation of network

architecture, system setup, player portfolio, and detailed traffic traces.
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