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Abstract—The thin-client model is considered a perfect �t for
online gaming. As modern games normally require tremendous
computing and rendering power at the game client, deploying
games with such models can transfer the burden of hardware
upgrades from players to game operators. As a result, there
are a variety of solutions proposed for thin-client gaming today.
However, little is known about the performance of such thin-
client systems in different scenarios, and there is no systematic
means yet to conduct such analysis.

In this paper, we propose a methodology for quantifying the
performance of thin-clients on gaming, even for thin-clients which
are close-sourced. Taking a classic game, Ms. Pac-Man, and three
popular thin-clients, LogMeIn, TeamViewer, and UltraVNC, as
examples, we perform a demonstration study and determine that
1) display frame rate and frame distortion are both critical to
gaming; and 2) different thin-client implementations may have
very different levels of robustness against network impairments.
Generally, LogMeIn performs best when network conditions are
reasonably good, while TeamViewer and UltraVNC are the better
choices under certain network conditions.

I. I NTRODUCTION

The centralized thin-client model offers a solution to
resource-intensive applications. While applications run on a
remote server, the client transmits user inputs, such as key-
board and mouse events, to the server; after processing the
commands, the server returns screen updates to the client.
When the server and client are connected via network com-
munications, as shown in Figure 1, this model of computing
is called thin-client computing.

The thin-client model is considered a perfect �t for online
gaming for a number of reasons. Because modern games
normally require tremendous computing and rendering power
at the game client, deploying games with such models can
transfer the burden of hardware upgrades from players to
game operators. In doing so, game designers no longer need
to undergo a long process testing all possible combinations
of audio and video cards, and game players no longer need
to worry about hardware and software compatibility and per-
formance issues before trying out a game. Numerous startup
companies, such as Games@Large [14], OnLive [3], and
StreamMyGame [5], have offered thin-client solutions for
online gaming. While their design and implementations may
differ, the concept is the same: game software runs on the
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Fig. 1. The thin-client computing model

server, and players just need to install the provided thin-clients
(or browser-based thin-clients) to play the games.

After examining a variety of solutions designed for thin-
client gaming, we wondered which design provides the more
satisfactory gaming experience to players. However, quanti-
fying and measuring the performance of thin-client systems
are dif�cult, partly because most such systems are closed and
proprietary. Quite a few previous researchers, such as [12,
13, 21, 22], have measured the performance of thin-clients
when they are used to watch video clips played at the server
side. However, those existing techniques do not apply in our
scenario, because they do not take the interactive nature of
gaming into consideration. To the best of our knowledge, this
paper is the �rst work to quantify the performance of thin-
clients on gaming.

In this paper, we propose a methodology for quantifying
the performance of thin-clients on gaming, even for those
thin-clients which are close-sourced. Taking a classic game,
Ms. Pac-Man, and three popular thin-clients, LogMeIn [2],
TeamViewer [7], and UltraVNC [8], as examples, we present
a case study and derive the following conclusions:

1) Display frame rate and frame distortion at the client side
are both critical to gaming performance, where the frame
rate is a much more important performance factor when
designing a good thin-client for gaming (cf. Figure 7).

2) Different thin-client implementations may have very dif-
ferent levels of robustness against network impairments
(cf. Figure 8). For example, TeamViewer is extremely
robust to network delay, packet loss, and small band-
width, while the performance of LogMeIn and Ultra-
VNC are highly dependent on network conditions. In
general, network delay is the most essential dimension
among the factors we studied in affecting gaming per-
formance.

3) Different thin-clients may excel in different network
conditions. If network conditions are reasonably good
(i.e., network delays shorter than 200 ms and loss rates



smaller than 5%), LogMeIn obviously performs better
than the two other programs for gaming. However,
TeamViewer and UltraVNC are winners under some
certain network conditions (cf. Figure 9).

In this work, our contributions are two-fold: 1) we propose
a methodology for quantifying the performance of thin-clients
on gaming; 2) with a case study, we show that it is feasible
to measure and compare different thin-client implementations
even when they are close-sourced. We hope the proposed
methodology will serve as a starting point to provide play-
ers an always-pleasant gaming experience via the thin-client
solution.

The remainder of this paper is organized as follows. Sec-
tion II describes related works in the area of measuring thin-
client performance. In Section III, we describe our experiment
setup and methodology for extracting two independent factors
as frame-based metrics. In Section IV, we propose a frame-
based QoE model to derive a user's score by frame-based
metrics, a frame rate prediction model to examine what
network factors have signi�cant impact on thin-client systems,
and a network-based QoE model to evaluate three thin-client
systems. Finally, Section V states our conclusions.

II. RELATED WORK

Currently, there are several existing papers that measure
the performance of thin-client systems. Using slow-motion
benchmarking, in [18], the authors measured performance by
capturing network packet traces between a thin-client and its
corresponding server, during the execution of a slow-motion
version of a conventional benchmark application. By using this
technique, the authors measured the performance of popular
thin-client systems such as Citrix [1], RDP [9], VNC [20],
and Sun Ray [6]. Their results showed that slow-motion
benchmarking provides far more accurate measurements than
conventional benchmarking approaches.

Similarly, other authors have used the same technique in
a WAN environment [15, 16] to determine the impact of
WAN latency on thin-client systems. The results showed that
although using thin-client computing in a wide-area network
environment can deliver acceptable performance, performance
varies widely among different thin-client systems, and not
all systems are suitable for this environment. The authors
also characterized and analyzed the different design choices
in various thin-client systems and explained which of these
choices should be selected for supporting wide-area thin-client
computing.

III. E XPERIMENT METHODOLOGY

In this section, we describe the experiment setup, present
the procedure for analyzing frame-based metrics from three
thin-client systems under various network scenarios, and sum-
marize our experiment results.

A. Experiment Setup

As depicted in Figure 2, we �rst set up three machines.
On one machine we installed a game client with the ICE
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Fig. 2. The experiment setup for thin-client performance measurement

Pambush 3 [17], a Java-based game bot [10]. The bot is used
to simulate real game play in the game client to automatically
play the well-known Ms. Pac-Man game for players. In the
experiment, we use three different kinds of thin-client systems,
LogMeIn, TeamViewer and UltraVNC. To evaluate the thin-
client systems under different network QoS, we set up another
FreeBSD7:0 machine as a router, usingdummynet to control
the patterns of traf�c �ows passing through the thin-client
systems. During game play, the bot detects positions of Pac-
Man and enemies on the screen, controls Pac-Man through a
maze, and eats pac-dots to get points. If an enemy touches
Pac-Man, a player loses a life. A player has three lives in
each round. The game calculates points and records the �nal
score for each round. We used the �nal score as a metric to
represent the performance of each player.

During the experiment, we used the CamStudio program to
record the screen of the game separately on both the server
and the client machines. We recorded each round on both sides
simultaneously and saved the videos using theMicrosoft
Video 1 codec format with 200 frames per second. To
evaluate the performance of thin-client systems, in the next
subsection, we will compare both recorded videos to extract
two independent factors as performance metrics.

By con�guring dummynet on the router, we can control
the network delay, bandwidth, and the loss rate between thin-
client systems. Since players use thin-client systems to play
games on servers, we can examine how a player's performance
changes under different network QoS. In this paper, we use
the following settings: network delay (0, 100, and 200 ms),
loss rate (0%, 2:5%, and 5%), and bandwidth (300 and 600
Kbps; unlimited).

B. Frame-based Metrics Extraction

To evaluate the performance of thin-client systems, we must
�rst determine appropriate performance metrics. Since the
game play screen can represent the performance of thin-client
systems, the performance metrics can be inferred from the
comparisons of recorded videos from the server and client,
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Fig. 3. Methodology for measuring frame-based metrics based onvideo recordings at both the server and client

TABLE I
SUMMARY OF THE FRAME-BASED METRICS OF THE THREE THIN-CLIENTS

Applications Display frame rate Frame distortion Score(FPS) (MSE)
LogMeIn 17.4 1.2 2418.3

TeamViewer 9.7 176.9 1227.4
UltraVNC 10.6 25.1 1481.2

Overall 13.5 59.0 1741.2

respectively. Therefore, we de�ne two frame-based metrics: 1)
display frame rate: the average number of frames per second
on the client side; and 2)frame distortion: the average of mean
square error (MSE) of each frame.

The graph in Figure 3 displays the diagram of extracting
frame-based metrics by comparing recorded videos of the
server and client. For example, we take theF1–F7 frames.
If the client only getsF1, F3, F6 frames, we can calculate
two metrics as follows. First, we can �nd that the frame rate
is the reciprocal ofT6c minus T3c, where T6c and T3c are
timestamps ofF6c andF3c respectively. Then, frame distortion
is calculated by the average of MSE of each frame. For
example, the MSE difference ofF1 is computed by comparing
F1c andF1s.

C. Trace Summary

Table I summarizes the frame-based metrics of the three
thin-client systems, LogMeIn, TeamViewer and UltraVNC.
The results show that LogMeIn has a higher display frame
rate and lower frame distortion. We then present the cumu-
lative distribution function (CDF) of frame-based metricsin
Figure 4. Notably, the �gure shows that the graphical quality
differs between of the three thin-client systems.

We also discover that frame-based metrics are highly related
to a player's performance. As shown in Figure 5, we display
the relationship between frame-based metrics and the game
play scores. We add a lowess curve [11] in each graph to show
the smoothness of the population in each plot with two95%
con�dence band dotted curves. From this �gure, we see that
the frame-based metrics signi�cantly impact a player's score.
For example, when the frame rate lowers or frame distortion
(MSE) increases, the scores subsequently decrease.
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Fig. 5. The relationships between frame-based metrics and thescore in the
Ms. Pac-Man game

IV. PERFORMANCEEVALUATION

In this section, we �rst propose a frame-based QoE model
to derive a user's score by frame-based metrics, and then
determine which frame-based metrics have a greater in�uence
on users' performance. We then use a frame rate prediction
model to examine what network factors signi�cantly impact
thin-client systems. Finally, we use a network-based QoE
model to evaluate the three thin-client systems.

A. Modeling QoE with Frame-based Metrics

Above, we demonstrated how a player's score is highly
related to the frame-based metrics in Section III-C. From this
result, we develop a frame-based QoE model based on these
frame-based metrics to determine users' performance. Using



TABLE II
COEFFICIENTS OF THE FRAME-BASED QOE MODEL

Variable Coef Std. Error t P r> jt j
(constant ) 738:10 208:28 3:54 0:001 ��
f r 100:02 13:91 7:19 1 � 10� 8 � � �
log( fd ) � 73:16 26:70 � 2:74 0:010 ��

an ordinal linear regression approach, our frame-based QoE
model predicts a user's score by the two given metrics. Our
frame-based QoE model computes a user's score by

(costant) + coeflog( fd ) � log(fd ) +

coeff r � f r; (1)

wherefd denotes frame distortion, andfr denotes display frame
rate. The coef�cients are listed in Table II.

To evaluate the model's adequacy, we show both the actual
and the predicted score in Figure 6. The line on the graph
shows that the predicted scores fully match the actual scores.
The R2 value of the regression model is as high as0:72,
which indicates that the model �ts the original data very well.
Therefore, we conclude that our frame-based QoE model had
high credibility to predict user scores.

For evaluating frame-based metrics, we adopt a QoE degra-
dation approach. Using the optimal user's score as a cri-
terion, QoE degradation indicates how frame-based metrics
contributes to a user's score. For example, if QoE degradation
of the display frame rate is greater than the QoE degradation
of frame distortion, we can claim that the display frame rateis
more in�uential on users' performance than frame distortion.

We compute the QoE degradation by calculating the dif-
ference between the optimal user's score and the predicted
user's score. First, we summarize the best score from the
experiment set as the optimal user's score. We then predict the
user's score by keeping one frame-based metric for evaluation,
while setting other frame-based metrics to the best score. For
example, if we want to evaluate the display frame rate, we can
predict the user's score by maintaining the display frame rate,
while setting other frame-based metrics to the best score. We
then obtain the degradation of the display frame rate by using
the optimal user's score minus the predicted user's score.

Figure 7 displays the results of the QoE degradation of
frame-based metrics. The �gure shows howframe ratehas a
greater in�uence on users' performance. The QoE degradation
of display frame rate is around 1400, which is higher than that
of frame distortion. Thus, we can conclude thatframe rateis
the major factor in�uencing users' performance in thin-client
systems.

B. Modeling with Network Metrics

After determining the importance of the display frame
rate on users' performance in thin-client systems, we then
use this measure to help determine what network conditions
signi�cantly impact thin-client systems. Taking the display
frame rate as the performance of thin-client systems, we
consider three network factors: network delay, network loss
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rate and network bandwidth. Figure 8 depicts the display
frame rate of the thin-client systems under these network
conditions. The �gure shows that both network delay and
network bandwidth have greater in�uence on the display frame
rate in LogMeIn and UltraVNC. If network delay lengthens
or bandwidth lowers, display frame rate values deteriorate
sharply.

In order to quantify the effect of network conditions on
thin-client systems, we propose a frame rate prediction model.
Here, the model uses the display frame rate to measure
the performance of thin-client systems. Thus, our frame rate
prediction model computes the display frame rate by

(costant) + coefapp1 � app1 + coefapp2 � app2 +

coefdl � dl + coefdt � dt + coefdu � du +

coefll � ll + coeflt � lt + coeflu � lu +

coefbl � bl + coefbt � bt + coefbu � bu; (2)

where app1, app2denote the three kinds of thin-client
systems;dl, dt, du are the network delays of LogMeIn,
TeamViewer, and UltraVNC, respectively;ll , lt, lu are the
network loss rates of LogMeIn, TeamViewer, and UltraVNC,
respectively; andbl, bt, bu are the network bandwidths of
LogMeIn, TeamViewer, and UltraVNC, respectively. For rep-
resenting three thin-client systems by two dummy variables
(app1, app2), we use (1, 0) to stand for LogMeIn, (0, 1) to
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TABLE III
COEFFICIENTS OF THE FRAME RATE PREDICTION MODEL

Variable Coef Std. Error t P r> j t j

(constant ) 4:954 2:690 1:842 0:080 :
app1 6:646 3:804 1:747 0:095 :
app2 7:462 3:804 1:962 0:063 :
dl � 0:093 0:011 � 8:647 2 � 10� 8 � � �
dt 0:008 0:011 0:725 0:476
du � 0:053 0:011 � 4:972 6 � 10� 5 � � �
ll � 0:549 0:430 � 1:276 0:216
lt 0:059 0:430 0:137 0:893
lu � 0:399 0:430 � 0:928 0:364
bl 0:011 0:003 3:048 0:006 ��
bt � 0:003 0:003 � 0:953 0:351
bu 0:009 0:003 2:487 0:021 �

stand for TeamViewer, and (0, 0) to stand for UltraVNC. The
coef�cients are listed in Table III.

Here, theR2 value of the regression model is as high as
0:85, which indicates that the model has high predictability.
Therefore, we conclude that our frame rate prediction model
can credibly predict the performance of different thin-client
systems under different network conditions. The p-value of
dl, du shows that the delay of both LogMeIn and UltraVNC
greatly in�uences users' performance. Furthermore, the p-
value ofbl, bushows that the bandwidth of both LogMeIn and
UltraVNC also in�uences users' performance. Therefore, we
can conclude that both network delay and network bandwidth
are important network factors that affect the performance of
thin-client systems.

C. Comparison of Thin-Client Systems

To determine which thin-client systems can provide better
performance in gaming applications, we use a user's score asa
benchmark. First, we extend the frame rate prediction model
in Section IV-B and create a network-based QoE model to
predict a user's score. The model predicts a user's score by
the given three network factors in the three thin-client systems.
The coef�cients are listed in TableIV. Again, theR2 value
of the regression model is as high as0:81, which indicates
that the model is highly credible in predicting a user's score
within different thin-client systems under different network
conditions.

TABLE IV
COEFFICIENTS OF THE NETWORK-BASED QOE MODEL

Variable Coef Std. Error t P r> j t j

(constant ) 917:659 433:916 2:115 0:047 �
app1 1522:212 613:650 2:481 0:022 �
app2 236:307 613:650 0:385 0:704
dl � 9:678 1:736 � 5:576 1 � 10� 5 � � �
dt � 3:632 1:736 � 2:092 0:049 �
du � 5:103 1:736 � 2:940 0:008 ��
ll � 124:274 69:427 � 1:790 0:088 :
lt � 129:056 69:427 � 1:859 0:077 :
lu � 65:160 69:427 � 0:939 0:359
bl 0:884 0:564 1:568 0:132
bt 0:530 0:564 0:939 0:358
bu 0:992 0:564 1:759 0:093 :

After determining the model's predictability, we compare
user scores of three thin-client systems to decide which sys-
tems can provide the best QoE. Figure 9 provides a summary
of results, divided into delay-bandwidth, loss-bandwidthand
loss-delay, under each network condition. In each part of
Figure 9, the third network factor is considered as a perfect
setting:0 ms for network delay,0% for loss rate and unlimited
for network bandwidth. Each section represents the best per-
formance among the three thin-client systems, and each thin-
client system has better performance within a range of network
conditions. For example, the �gure notes that LogMeIn can
provide better performance for users when network delay is
below250ms, loss rate is below25%, and bandwidth is below
6000Kbps.

We also use empirical network conditions to predict the per-
formance of the three systems. We use300 records collected
by the PingER project [4], an Internet end-to-end perfor-
mance measurement project that monitors network conditions
of Internet links. The main mechanism of this project isping ,
the Internet Control Message Protocol (ICMP) echo mecha-
nism, which is used to measure the round-trip time and packet
loss of a link. From these ping measurements, this project
makes use of the method [19] to derive TCP throughput, which
we adopt as available bandwidth in our empirical network
conditions. These results are also summarized in Figure 9. We
use the� symbol to represent empirical records. The �gure
shows that most records are under the LogMeIn sections.
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Therefore, we can conclude that LogMeIn can ensure good
performance in gaming applications under empirical network
conditions.

V. CONCLUSION AND FUTURE WORK

In this paper, we have proposed a methodology for quan-
tifying the performance of thin-clients on gaming, and pre-
sented a case study on three popular thin-clients, LogMeIn,
TeamViewer, and UltraVNC. We show that the display frame
rate and frame distortion at the client side are both critical to
gaming performance. Also, we �nd that different thin-client
implementations may have very different levels of robustness
against network impairments. While different implementations
may excel in different network situations, LogMeIn in general
performs the best among the three implementations we studied.

In the future, we plan to extend our methodology to in-
corporate more thin-clients into our evaluation experiments.
Meanwhile, we will make the experiment methodology gen-
eralizable to all types of games, in order to understand the
performance and corresponding design decisions for thin-
client gaming within different game genres.
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