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Reviews 
The paper discusses a model for quantifying user 
gaming experience in a setup where the game 
execution is performed on a remote cloud server. 
The model consists of different factors that can 
affect the user gaming experience in such a setup: 
packet losses, response times, server delay etc. I like 
the topic and the overall problem that is trying to be 
addressed in this paper. The paper is also written 
well. 

Strengths: 

-  The paper presents an interesting topic and 
does good job in identifying a set of certain 
key metrics that can easily captured to 
quantify the gaming experience of the player 
in a cloud mobile gaming setup. It uses these 
metrics to create a model to quantify the user 
gaming experience. Such a model would be 
very useful for game developers to keep track 
of the gaming experience of the players and 
understand the extent of the impact of the 
different factors that can degrade the 
experience of the players.  

-  The paper evaluates the model across 
different game genres in real world scenarios. 

Weaknesses: 

- The instrumentation should be described more 
precisely, since it is used to capture the 
various metrics that feed into the model. For 
example, what is the frequency of the probing 
mechanism? What is the overhead of the 
measurements performed at the client? 

-  The paper mentions that the model in a game 
genre should be similar. This is a strong 
statement to make given that the paper hasn't 
experimented with multiple games in the 
same genre and the evaluation uses the same 
game. So, it still seems that one would have to 
perform custom measurements for every game 
to generate an accurate model. It would be 
very interesting to have an evaluation section 
that uses a different game from the same 
genre than the one used to create the model in 

order to understand how accurately the model 
holds within each genre.  

-  The model requires some effort to compute 
the impairment factor for each metric 
individually and to take care of the 
dependencies between the factors the model 
goes upto using pairs of factors. Thus, it 
requires some careful effort to capture the 
impact of the various metrics by controlling 
some factors and varying the others. How 
does it compare against machine learning 
techniques such as using SVM to train a 
model by varying the different factors in 
random proportions without the need to 
carefully control the various factors? If a 
simple SVM model performs nearly well, then 
it cuts down the effort needed to create such a 
model. Such a discussion is important to 
motivate the need for a more carefully 
constructed model. 

A model to capture the user gaming experience in 
real time is useful but this work need some more 
evaluation to address the concerns discussed before.  
Please find below some of the concerns we have 
about this paper. 
 
The equation for GMOS calculation comes out of 
the blue. While it is mentioned that the authors have 
duplicated the function for E-model, we are not sure 
why GMOS calculation should be similar to the 
subject metric used in audio transmission systems. 
More so, we are not convinced about the linear 
model used for impairments. Also, what happens 
when the value of R becomes negative? Is the 
minimum clamped to zero (in the presence of 
multiple impairments). Specifically, it seems to me 
that all the impairments are given equal weights. 
Why is this so? We would assume the effect of one 
impairment could be much more than the other, 
depending on the type of game.  
 
It seems to us that the model parameters are very 
specific to the games being played, and the 
conditions/settings under which they are played. 
What happens when any of these are changed? For 
example, if we were to play a new game and use 
GMOS metric to measure the MGUE, would I have 
to re-train the entire model using 100 odd 

Reviews and Authors’ Response for paper: 
Cloud Mobile Gaming: Modeling and Measuring User Experience in 

Mobile Wireless Networks 
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participants? That seems like a lot of overhead. 
 
We do not understand the contribution of 
experiments in Figure 8 quite as clearly. It only 
shows that as each of the impairment comes into 
effect, a corresponding (and expected) response is 
shown by the GMOS metric. What is the experiment 
trying to demonstrate here? Put another way, if we 
come up with an entirely new equation that 
essentially captures MGUE as a function that is 
inversely proportional to the impairments, wouldn't 
we see similar graphs? What then is the contribution 
of these experiments? We would have loved to see 
experiments, with real people, in real settings 
(playing mobile games on a cellular network), let 
them "rate" their experience, and then benchmark 
the performance of measured GMOS. 
 
Improving the model by taking into the account the 
cross-effects of impairments was certainly the right 
thing to address/improve the model. I was hoping 
this would take care of my concern about the 
"weights" given to the impairments and how they 
interact with one another. However, again, the 
authors seem to have come up with a magic formula 
to address these effects without any justification 
behind the functions used ("after trying several 
functions" is not enough an explanation.). 
 

Authors’ Response 
To address the concerns of the reviews, the paper 
has been enhanced in various ways. Following are 
some of the main response comments from the 
authors. 
We have added more description about the probing 
mechanism and the overhead on client in section 
IV.A. 
We have not claimed that a single MGUE model for 
a genre will serve for each game of that genre. The 
contribution of our work is to derive a general 
MGUE modeling framework which can be used for 
all kinds of cloud mobile games. The metrics of 
MGUE in Table I and coefficients in equation 13 
might be different from game to game, and will need 
to be derived using the steps outlined in the paper, 
including the subjective assessment experiments, for 
each different game. We have performed 
measurements for three different games belonging to 
three different genres to highlight the differences 
different impairment factors will have on games 
belonging to different genres, but to a much lesser 
degree, the impairments may be different for 
different games belonging to the same genre also. 

Though machine learning techniques like SVM can 
be potentially used to train a MGUE model from the 
experimental data we have collected, its accuracy 
will be questionable. To maximize the accuracy of 
the impairment factors, we have made certain 
observations from the experimental data, for 
example, that response time will only affect user 
experience when it is above a certain threshold, and 
used these observations to develop the impairment 
factors. As a result, our derived model can achieve a 
high correlation (of predicted and subjective GMOS) 
of about 0.95 as reported in the paper. To address the 
reviewer's comment, we conducted a preliminary 
study using a popular SVM tool, LIBSVM, to train a 
model for R (equation 7) using the experimental data 
in section IV.B. Using the resulting R model 
(equation 7) given by LIBSVM, the correlation of 
predicated GMOS (calculated by equations 6 and 7) 
and subjective GMOS (section IV.B) is under 0.8. 
This validates the need for the approach proposed in 
this paper to achieve a more accurate MGUE model. 
Though E-model [15] is originally proposed for 
audio transmission system, it has been used for 
video application also. We choose this E-model 
because it provides a good statistical mapping in 
converting the quality rating factor R into a MOS 
scale. Rating factor R ranges from 0-100. If the 
result of equation 6 is less than 0, the value of R is 0. 
We have added this clarification to the paper. We 
have derived an enhanced non-linear MGUE model, 
where the coefficients of different impairments are 
not same (equations 14, 15, and 16). Also, please 
note that the coefficients are different for different 
games, showing that the impairment factors will 
affect user experience in different manner for 
different games. 
The reviewer is right, that for each game the metrics 
of MGUE model in table I and coefficients in 
Equation 13 need to be trained by a group of 
subjective assessment experiments. However, we do 
not feel that this will be a significant overhead for a 
game, considering the amount of effort and money 
usually spent to develop a typical Internet game. 
More importantly, such kind of training experiments 
will have to be conducted only once, but the model 
derived for the game can be used forever. 
This paper has two contributions. The first one is 
deriving a MGUE model to measure mobile gaming 
user experience. The second one is to apply the 
MGUE prototype on real networks to characterize 
and assess the feasibility of Cloud Mobile Gaming 
in terms of user experience achieved. Figure 8 
presents experimental results for the second 
contribution, highlighting the feasibility and 
challenges of Cloud Mobile Gaming to achieve 
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acceptable user experience in real network 
conditions. 
We have explained in details the steps of how we 
add the cross-effects of impairments to our model in 
the paper. Firstly, we give equation 11 as a 
comprehensive model which considers the cross-
effects of impairments. Then we simplify equation 
11 to equation 12 to reduce complexity of the model. 
To derive functions in equation 12, we have 
trained with many different types of functions, 
including , , and . We 

finally selected (equation 13), because the 
predicted GMOS scores using this function have the 
highest correlation with subjective scores obtained 
from our validation experiments. We have added the 
above clarification to the paper. 
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