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Abstract 
 

Internet delay is important for FPS games because 
it can determine who wins or loses a game. Network 
traffic for such games has been analysed using packet 
size and inter-packet time metrics fitting a statistical 
model. However, the effect of other network traffic on 
game traffic was not investigated or considered. This 
paper explores the traffic generated by an FPS game, 
taking into account the effects of other Internet traffic. 
Experiments were conducted in an isolated local 
network, repeated across the Internet and in a 
simulator with varying degrees of background traffic. 
FPS game packet inter-arrival time distribution was 
observed to spread with the decrease of bandwidth due 
to other traffic along network paths. The twin peak 
characteristic of packet inter-arrival time observed in 
the isolated local network experiment flattens and 
spreads to a bell-shape as bandwidth decreases due to 
the increased and non-unique delay of packet arrivals.  
 
 
1. Introduction 
 

In a multiplayer game, players either compete 
against each other, or team up to achieve a common 
goal such as defeating an enemy that can consist of 
either computer or human players. Multiplayer online 
games are predicted to make up over 25% of Local 
Area Network (LAN) traffic by the year 2010 [6]. 
They are usually divided into three categories: First 
Person Shooter (FPS) games, Massively Multiplayer 
Online Role Playing Games (MMORPG), and Real 
Time Strategy (RTS) games.  FPS games are usually 
more delay sensitive than other games because the 
delay can determine who wins or loses a game. The 
traffic of FPS games has attracted a number of studies. 

A player on the Internet does not only need a game 
server, but also a game server with features delivering 
fast responses with minimal delays in packet 
processing. A server with better internal hardware (for 

example, a faster processor or more memory) may 
improve game performance, but the more important 
factors are in the network (for example, network traffic 
delay).  Game traffic needs to be delivered fast and 
reliably, with limited and consistent delay for all 
players.  

Different traffic competes for network resources on 
the Internet. Broad bandwidth helps traffic transfer but 
traffic on the Internet is dynamic and game traffic is 
sometimes delayed by other traffic even if bandwidth 
is reasonably wide. Game traffic characteristics are 
important to game server hosting because they 
determine game traffic behaviour.  Research in game 
traffic can potentially benefit packet routers as well as 
game servers. 
 
2. Problems and objectives  
 

The FPS game Quake by ID SOFTWARE is 
important because it has attracted not only lots of 
players but also researchers. Borella [2] chose the 
games Quake I and Quake II and explored the 
statistical distributions of game packet size and inter-
arrival time. Joyce [8] chose the game QuakeWorld 
and produced the statistical characteristics of packet 
size and inter-arrival time.  Pavlicic and Armitage [10], 
and Lang et al. [9] chose the game Quake III and also 
produced characteristics for packet size and inter-
arrival time.  There were discrepancies among the 
published results for the game Quake, see Table 1, but 
no research has investigated these discrepancies.      

Game traffic of Quake III was analysed in different 
network environment by the authors of this paper [11] 
[12]. The empirical results  produced in these 
experiments were not similar to the result of any of the 
four papers in Table 1 with discrepancies even greater 
than shown there.  

Similar discrepancies have been reported with the 
game Counter-Strike [12]. Researchers suggested some 
factors to explain the change of traffic behaviour: 
Borella and Bussiere [3] found that game client packet 
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inter-arrival time depended on the CPU speed of the 
host computers. Färber [4], Lang et al and Bussiere 
found that the game packet size increased as the 
number of players increased. Lang et al and Bussiere 
also found that the client inter-send time was 
dependent on the map of the game. 

 
    Table 1. Discrepancies in Quake results 
Metric Borella  Joyce  Pavlicic  Lang 

Server packet 
size (byte) 

R: 70-120 
M: 77 

R: 50-100 R: 40-114 
M: 66 

R: 60-160 

client packet 
size (byte) 

 
M: 24 

R: 50-70 R: 27-52  
M: 38 

R: 50-70 

Server inter- 
arrival (ms) 

P: 37,50,60 
M: 27 

P: 14, 26 P: 66 
M: 155 

P: 50 
M: 50 

Client inter- 
arrival (ms)  

P:14, 21,25 
M:16-41 

P: 14, 27 
 

 
M: 73  
R: 60-86 

P: 11 
 
R: 10-40  

 ‘M’ stands for ‘Mean, ‘P’ for ‘Peak’, ‘R’ for ‘Range’. 
 
However, their findings were concerned only with 

the change of game traffic packet generation but not 
with the change in network packet transfer. Different 
network environment or observation locations may 
result in different game traffic behaviour because of 
other network traffic along the transfer path.  The game 
traffic and other traffic affect each other along the 
transfer path, for example, Joyce found that game 
traffic did impact the throughput of TCP on a heavily 
loaded link.   Bangun [1] found that various general 
network utilization levels affected mean game delay 
and buffer occupancy and game delay was affected by 
other traffic in busy network links.  Jehaes [7] found 
that the other traffic by gaming user in broadband 
access networks might saturate the game user’s link 
and impact game delay.  These studies were concerned 
with the interaction between game traffic and other 
traffic but this interaction has not been used to explain 
these discrepancies and was even neglected in the 
published results themselves.  An example is the 
misuse of packet inter-send time and inter-arrival time:  

Game packet inter-arrival time can be different 
from packet inter-send time because of effect from 
other traffic. The problem is the term ‘inter-arrival 
time’ referred to as ‘inter-send time’ by some 
researchers. Feng et al. [5] collected and analysed 
traffic traces of the game Counter-Strike, the inter-
packet time of traffic going out from the game server 
was in fact the server inter-send time but it was simply 
regarded as inter-arrival time. Similar misuse of the 
term ‘inter-arrival time’ was found in Borella. The 
misuse did not cause confusion because these 
researchers were only interested in offering an 
analytical model of inter-packet time and needed to 
avoid exploring the change of traffic behaviour with 
other traffic.   

This paper explores traffic characteristics (using the 
metrics of packet size and inter-packet time) generated 
by a FPS game. The study also explores: (i) the 
relations between game traffic with or without other 
network traffic, (ii) between different empirical 
observation locations and different network 
environment, and (iii) the role of other traffic in the 
progression of game traffic behaviour. 

The published results of the game Quake continue 
several discrepancies based on Quake III and earlier 
Quake games. The Quake III engine supports multi-
processing and is very fast, Färber [4] pointed out that 
most FPS games were based on either Quake engine or 
Unreal engine. The game Quake III Arena was 
specifically designed as a multiplayer game therefore it 
was selected and its traffic was explored in this 
research. 

 
3. Experiments 

 
We report on three experiments: the first explored 

clean game traffic behaviour, the second game traffic 
behaviour with other traffic (realistic network), and the 
third the effect on game traffic from other traffic using 
a simulator. 

 
3.1. Game experiment  

 
The test-bed experiment investigated clean game 

traffic with no other traffic in an isolated local 
network. The experiment was repeated three times 
(sessions) with the same players but different game 
server settings. The Internet experiment investigated 
realistic game traffic when the game was played on the 
Internet. The experiment was repeated many times 
(sessions) with different game servers (therefore also 
different network paths). The traffic recording tool was 
the packet sniffer Ethereal. 

The data of the game traffic behaviour in different 
experiment environment were collected, as well as the 
changes of game traffic from the test-bed (clean) to the 
Internet (realistic). The change was further explored in 
the simulator experiment introducing variable level of 
bandwidth.  

 
3.2. Simulator experiment  

 
Because of the buffering mechanism of modern 

network, other traffic can change game traffic inter-
packet time because the former and the latter compete 
for network transfer bandwidth. Game packets have to 
be buffered and postponed for transfer if a network link 
is busy thus there is likely to be a big difference 
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between the clean and realistic packet inter-arrival 
behaviour.  

As previously discussed, there were discrepancies 
of game traffic behaviour in previously published 
results which could be contributed to by factors in 
traffic generation or transfer. The main such factor 
could be in traffic transfer. This paper showed the 
progression from the clean to the realistic game traffic 
behaviour, and investigated the effect on game traffic 
from other traffic. 

Ns2 is one of the most widely used network 
simulators and was selected for the simulator 
experiment. The network configuration in the 
experiment is shown in Figure 1. There was one server 
(Node 3) and six client nodes (Node 0, 6 – 10). The 
sources and sinks of the other traffic were Node 4 and 
Node 5. The game traffic between server and one client 
node (Node 0) was collected for analysis. 

 

 
Figure 1. Simulation network configuration  
 
The pseudo game traffic in the simulation was 

generated by replaying the collected game traffic in the 
test-bed experiment. Background network traffic was 
generated by the ns2 simulator. Different game traffic 
behaviour was observed as other traffic was introduced 
while varying both bandwidth and queue size. 

 
4. Empirical results 
4.1. Clean traffic distribution  

 
When the clean Quake III traffic was analysed and 

characteristics obtained, it was found that the client 
inter-send time had approximately the dual-distribution 
of the deterministic and the uniform: one-third of inter-
send times were about 33 ms, two-thirds of inter-send 
times were approximately uniformly distributed 
between 31 and 45 ms (except 33 ms), see Figure 2. 
The server inter-send time approximately had 

deterministic distribution: just fewer than half the 
packets had inter-send time of 47 ms and nearly the 
other half had inter-send time of 53 ms while the rest 
(about 6%) had inter-send time of around 100 ms.  The 
clean server inter-arrival time had the same plot of 
distribution as the clean server inter-send time and is 
shown in Figure 5. 

The client packet size was approximately 
distributed in the interval between 39 and 59 bytes 
(mean size 48 bytes). There was a minor peak at 43-
byte with about 16% of the total packets. The server 
packet size was larger than client’s (mean size 73 
bytes) and had approximately extreme distribution. 

 
4.2. Realistic Internet traffic  

 
Ethereal, the packet sniffer, ran on the client 

computer collecting game traffic. As the client was not 
communicating with other players all captured traffic, 
send and receive, was considered game traffic. The 
client’s send traffic collected corresponds to the Inter-
send time while the received server traffic collected 
corresponds to Inter-arrival time.  
4.2.1. Clean vs. realistic inter-send time. The clean 
client inter-send time in the test-bed experiment in 
Figure 2 had approximately deterministic distribution.  
The realistic client inter-send time to two different 
servers in the Internet experiment had similar plots and 
is shown in Figures 3 and 4.   
4.2.2. Clean vs. realistic inter-arrival time. The 
analytical distributions of the clean and realistic server 
inter-arrival time were produced based on the empirical 
results of test-bed and Internet experiment, 
respectively. The clean server inter-arrival time in 
Figure 5  had approximately deterministic distribution.  
The realistic server inter-arrival time from two 
different servers in the Internet experiment are also 
shown in Figures 6 and 7.   

The realistic server inter-arrival time plots were 
irregular compared to the clean server inter-arrival 
time’s deterministic distribution.  However, the 
realistic plots preserved characteristics of the clean 
plots to a certain extent.  The clean plot was featured 
by the dual-peak. These peaks were replaced by a bell-
shaped cluster in the realistic plots.  The minor peak of 
the clean plot disappeared and was replaced by a more 
evenly spread of a cluster of packets. The peaks in the 
clean plots were transformed and became clusters in 
the  realistic traffic plots.  

As the network traffic gets congested, due to other 
traffic on the Internet, more packets are delayed. Such 
delay is random and the deterministic dual-peak of the 
clean experiment changed into a more bell-shaped 
distribution. Furthermore, the minor peak in the clean 
experiment became flattened out in the realistic 
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experiment as a consequence of a more uniform delay 
variation to the packets in the range of 5 to 10 ms. 
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Figure 2. Clean client inter-send time  
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Figure 3. Realistic client inter-send time, 1 
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Figure 4. Realistic client inter-send time, 2 
 

4.3. Process of inter-packet time change 
 
The clean plot shown in Figure 5 was almost 

bimodal but the realistic inter-arrival time was a cluster 
of broader distribution. The simulator experiment 
showed similar change when other traffic occurred in 
game traffic path. The change was caused by non-
identical (different) network transfer delay to different 
packets. 

Packets traverse between nodes along links in store-
and-forward network and are queued or buffered in 
every network node.  Network delay refers to the time 
required for a packet to traverse the network from one 
point to another point and is composed of propagation 
delay, transmission delay and queuing delay.  
Propagation delay is the same for every packet along 
the same network link. The major transmission delay 
in this simulator experiment is packet processing delay 

and is not heavily variable to all game packets because 
all packets were of same type of UDP, traversed along 
same link, and most packets were small in size. 
Queuing delay is the time a packet spends in queues 
and is heavily variable from an unloaded network to an 
extremely congested network.  The game packets were 
buffered in queues in this simulator experiment and the 
role of queue delay in the progression of inter-packet 
time was observed (Ns2 simulator’s tool NAM allows 
the user to visually observe packets’ movement on 
network link, for example, the buffering of packets). 
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Figure 5. Clean server inter-arrival time 
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Figure 6. Realistic server inter-arrival time,1 
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Figure 7. Realistic server inter-arrival time, 2 

 
In the simulation, different parameters of the queue 

length and bandwidth of the shared-link (between 
Node 1 and 2 in Figure 1) were tried in order to obtain 
the typical progression plots from the clean to the 
realistic traffic behaviour.  A typical progression was 
observed with a FTP stream in each direction of the 
shared-link.  When the queue size was set to 16  
different bandwidth (2.5, 2.0, 1.5, 1.0, and 0.5 MB, 
respectively) of the shared-link resulted in different  
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histograms of the server inter-arrival time, see Figure 8 
to 12. 

With no other traffic in the simulation the inter-
arrival time was the same as shown in Figure 5.  As 
bandwidth gradually decreased, the inter-arrival time 
started to change and became different from the inter-
send time. When bandwidth was large enough 
(bandwidth of 2.5 MB, Figure 8), game packets were 
forwarded soon after they arrived on the queue in any 
node along the path, the inter-arrival time plot still had 
the inter-send time’s dual-peak characteristic.  As 
bandwidth further decreased, more and more packets 
of the game and the FTP traffic were buffered and the 
inter-arrival time became more and more scattered 
around the two major peaks. When bandwidth was 1.5 
MB (Figure 10), the original two peaks disappeared 
(replaced by a single peak in the middle location of the 
two original peaks); the dual-peak became an 
approximate bell. Comparing Figure 10 to Figures 6 
and 7, the simulation result had approximately the 
same bell-shape plot as the realistic game traffic in the 
Internet experiment.  This observation offered the 
answer to the disappearance of server inter-packet 
time’s dual-peak in the realistic experiment.  This 
simulation built a bridge between the clean and 
realistic inter-arrival time. 

Further decrease of bandwidth (the bandwidth of 
0.5 MB, Figure 12) caused heavy network congestion, 
even more game packets were buffered, and inter-
arrival time plot became totally different and irregular. 
Because no similar empirical result was observed in 
the Internet experiment, it is reasonable to assume that 
the network congestion was not so heavy when the 
Internet experiment was performed. 

Because the total number of inter-arrival time 
around 50 millisecond cannot be exactly shown by the  
area of plots in  Figure 8 to 12, the percentage of the 
actual numbers of inter-time in the short interval (from 
40 to 60, and from 45 to 55  millisecond) in these five 
figures are shown in Table 2. 

 
Table 2. Percentage of inter-arrival time  

Bandwidth 2.5 Mb 2.0 Mb 1.5 Mb 1.0 Mb 0.5Mb

 [40, 60 ms] 89% 89% 89% 83% 8% 

 [45, 55 ms] 79% 75% 65% 55% 5% 
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Figure 8. Inter-arrival time, bandwidth 2.5 MB 
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Figure 9. Inter-arrival time, bandwidth 2.0 MB 
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Figure 10. Inter-arrival time, bandwidth 1.5 MB 
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Figure 11. Inter-arrival time, bandwidth 1.0 MB 
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Figure 12. Inter-arrival time, bandwidth 0.5 MB 
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5. Conclusions 
 
Although the game traffic behaviour was the same 

in different observation locations in the clean network, 
it was different in the arrival end between the clean and 
realistic network, or among different realistic 
networks. The game traffic behaviour differed 
depending on observation location in the realistic 
network environment. 

Packet size and inter-send time were dependent on 
the host computer hardware; both client inter-send time 
and server inter-send time for a client were dependent 
on the player’s action on that client;  the server packet 
size was dependent on the game’s map selection.   

There was noticeable difference between the clean 
and realistic inter-arrival time.  The simulator 
experiment approximately showed the progression of 
inter-packet time distribution from the typical clean 
(dual-peak) to the typical realistic (bell-shape) traffic. 
Based on the empirical results of this experiment, other 
network traffic was the primary cause of the difference 
of inter-packet time between the test-bed and the 
Internet experiments and is likely to be one of the 
primary causes of the discrepancy in inter-packet time 
behaviour in previous published results. 

In very heavy traffic (0.5 MB bandwidth) the 
simulator experiment showed a highly scattered inter-
arrival time, with some packets severely delayed (120 
ms). However, some packets inter-arrival time dropped 
below the minima observed in both clean and realistic 
networks. This can be attributed to the nature of the 
buffering and releasing from queuing of the game 
traffic together with TCP flows in the simulator. 

The analysis of the data produced by the simulator 
experiment has shown that it is possible to replace 
realistic traffic with pseudo traffic generated by the 
analytical model and that it can be used reliably to 
analyse game traffic behaviour for game development. 

 
6. Future work  

 
Traffic shaping is an approach to improve network 

Quality of Service and is often used in combination 
with differentiated services (DiffServ).  DiffServ 
supports both elevated and non-elevated priority 
approaches, both approaches have been used for video 
stream traffic. The non-elevated approach was also 
used in Quake III where game traffic receives a low 
delay service at the expense of an increased probability 
of packet loss.  

Future work will explore the trade-off delay against 
loss with non-elevated approach, seeking to improve 
delay with the least loss in packet drop in certain 
network environments. Not only packet delay but also 

packet drop is harmful to game performance.  No 
published result has been found in evaluating game 
performance by improving delay and increasing drop. 
Game traffic characteristic is different from video’s 
because game packets are usually small in size. Even if 
game traffic is offered elevated service, the impact on 
other traffic may not be too large and this impact on 
other traffic needs to be explored.  Future work will 
show the impact on other traffic in elevated service, the 
impact on game packet drop in non-elevated service, 
and compare the advantages and disadvantages of these 
two priority approaches.  
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