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ABSTRACT 
 

Benchmarking is the tedious and time-consuming job. Since the upcoming feature of the new products is so 
complex, it needs in depth knowledge of the product and its domain. Usually customer comes with a 
benchmarking of their product with their competitor one; the service company will always go for a cost-
effective way of benchmarking. There are several methods of benchmarking such as One Factor At a Time 
(OFAT), Design of Experiment (DOE) Interaction effect approach, Pearson Correlation-co-efficient 
method and Multi Vari analysis.   As a test manager in the project management role need to choose best 
and suitable one method of benchmarking the products. This work has proved and analyzed the 
applicability and suitability of benchmarking method for a given Hypervisor testing. 
 
Keywords: Benchmarking, OFAT, DOE, Interaction Effect, Hypervisor Testing 
 
 
1. INTRODUCTION 
 
     Performance benchmarking of products is 
common in the computer industry. Normally, 
computer products are used as part of a larger 
configurations rather than stand-alone products. 
Therefore, it is advisable to use the measure of 
relative performance of products in target 
configuration for products benchmarking. Many 
performance groups use One Factor at A Time 
(OFAT) [1] methodology for performance 
benchmarking. This approach is good when we 
have ample time and good amount of money to 
spend on it. OFAT methodology measures 
performance difference between products in 
conjunction with one factor. However, OFAT does 
not quantify how much product1 contributes to 
overall system performance compared to product2 
and how good product1 is working with other 
products in the same environment compared to 
product2. The performance-benchmarking 
frameworks such as OFAT, DOE Interaction 
effect, Pearson Correlation method and Multi Vari 
analysis approach are discussed in this paper, 
which presents a novel approach such as multi vari 
and DOE interaction effect approach to reduce the 
overall effort to conduct performance 

benchmarking and get better data about the 
performance comparison of products under test.   
The core of the framework is Design of 
Experiments (DOE) [2] a robust statistical 
methodology for optimizing the experiments. DOE 
is extensively used to performance tuning [3], 
performance optimization and screening the vital 
few factors to control the process. We have 
attempted to exploit the DOE-interaction effect and 
ability of DOE methodology with multi vari 
approach to provide quantitative data on how the 
performance of a configuration changes when a 
factor is set at different levels and to what extent 
the factors interact with each other. This will help 
in comparing two products and identifies to what 
extent they can improve the product performance 
and how good they work with other products in the 
same environment. The plan of the work is as 
follows, Section 2 introduces OFAT, Correlation-
coefficient method, DOE-Interaction effect and 
Multi vari approach. Section 3 details a case study 
of performance benchmarking of two environments 
in virtual(i.e. with VMware and Xen)  and non-
virtual(i.e. Physical server) environment, Section 4 
discuss about the proposed and existing 
benchmarking frameworks, Section 5 discuss  the 
benchmarking result and experimental finding  and 
finally, Section 6 presents the conclusions and 
future work. 
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2. OVERVIEW OF OFAT, INTERACTION 
EFFECT, CORRELATION METHOD 
AND MULTI VARI ANALYSIS   

 
2.1 One Factor At a Time (OFAT) 
 
    In this experimental methodology only one input 
factor is changed at a time, while other factors are 
held constant (i.e. while conducting the experiment 
factors are not varied simultaneously) [1][2]. 
 
2.2 DOE- Interaction Effect (IE)  
 
    Design of Experiments (DOE) [4] is a structured 
method for conducting experiments and analyzing 
the results. Sir Ronald A. Fisher [5], the renowned 
mathematician and geneticist, first developed this 
method in the 1920s and 1930s. As well, there have 
been many other contributors [6] to DOE theory 
viz, George Box, Dorian Shainan, and Genichi 
Taguchi and others. DOE also called statistical 
experimental design; it is a tool for determining the 
main and interaction effects of different factors 
affecting process quality and for calculating 
optimal setting for controllable factors. 
 
2.3. Correlation Coefficient Approach 
 
   By using the correlation co-efficient [7] of the 
factors or variable, one can compare the level of 
interaction amongst the factors. The value of 
correction usually falls between +1 to - 1.   Positive 
sign of the correlation coefficient shows the 
increase in values of the two factors shows the 
increase in response and vice versa for the negative 
sign. By using the direction of the correlation 
coefficient, we can identify the interaction among 
the factors. 
                                                      
2.4 By using the Multi Vari Analysis approach 
 
   Recently, during our literature survey of this 
paper, we found that the multi vari analysis [8][9] 
has the potential to explore the interaction effect. 
This feature of multi vari analysis approach will be 
useful for benchmarking the product. This 
approach identifies the interaction between the 
factors at various levels. This approach also uses 
the foundation of Analysis of Variance (ANOVA). 
The feasibility of this approach is presented in the 
subsequent section of this paper. 
 
 
 

3.   CASE STUDY:  IDENTIFICATION OF A 
PERFORMANCE BENCHMARKING 
FRAMEWORK FOR VIRTUAL & NON-
VIRTUAL ENVIRONMENTS 

 
    This case study describes the four performance 
benchmarking frameworks of two environments 
and it has four stages, viz (i) Objective of 
benchmarking (ii) Designing the experiments (iii) 
Experimental Design and (iv) Analyzing 
experimental data. 
 
3.1. Experimentation 
 
   The goal was to compare the performance of two 
virtual environments and one physical 
environments of MS SQL database and interested 
to know how the sql server interact with 
application factors in virtual and non-virtual 
environmental setup, such as Application type 
(AT), Application Block size (AB) and Read/Write 
ratio (RW). We have conducted the benchmarking 
of the products with the test bed configuration as 
shown in Figure 1.  

 
 

 
 
 

Figure 1 Shows the experimental setup of virtual 
environments 
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3.1.1. Input Factors and Levels.  
 

   There are several input factors influences the 
performance of MS SQL. Before designing the 
experiments, we have identified the various 
controllable and uncontrollable factors of the 
system, from the list of controllable and 
uncontrollable factors; we prioritized the controller 
factors based on its effect on the response data 
(Throughput in MBps and IOps). Finally, we have 
screened out  five  significant factors  viz,   System 
type (ST), Application Type (AT) , Application 
Block Size (AB), Read Ratio (RW), Outstanding 
IOs (OIO).  The levels of the factors are chosen 
based on the exhaustive system study and 
experimental requirements.  
 
3.1.1.1. System Type (ST). 

This factor implies the type of environment, we 
have chosen three types of the system types, 
namely native (physical server), VMware ESX 
Server and XenServer.  

 
3.1.1.2. Application Type (AT).  

This factor implies the nature of the application 
data type such as random(R) and sequential (S) 

 
3.1.1.3. Application Block Size (AB).  

It is the amount of application data size in the 
KBs (Kilobytes), usually it is set at application user 
layer. In this experiment, we have chosen three 
level of AB viz, 8KB, 64 and 256KB. 

 
3.1.1.4. Read Ratio (RW).  

This ratio specifies the amount of read and writes 
operation performed on the disk by the application. 
IO meter is used to simulate this ratio. In this 
experiment, we have chosen two level of RW viz 
0(total write) and 100(total read). 

 
3.1.1.5. Outstanding IOs (OIO).  

It is the number of request waiting at the input 
queue to be processed. In this experiment, we have 
chosen three level of OIO viz, 4, 8 and 16. 
 
3.1. 2. Output Response 
 
Throughput (T) in Input Output Per Second 
(IOPS): Experimenter must choose suitable 
response. The response data may be single or 
multiple. In this experiment, response data is in 
IOPS. 

 
The factors and levels are summarized in Table 1. 
 

Table 1. Shows the description of experimental 
factors and its level 

S:No Factors Level1 Level2 Level3 
1 ST Native VMware XEN 
2 AT R S - 
3 AB 8 64 256 
4 RW 0 100 - 
5 OIO 4 8 16 
 
 
4. BENCHMARKING FRAMEWORKS 
 
4.1.  OFAT: Approach 1 
 
    In this experiment, there are five factors. The 
total number of experimental runs will comes to 
will give 108 runs for the three replicates its comes 
to 108x3 =324runs.   In order to obtain the 
performance benchmarking characteristics it needs 
324runs for successful experimental completion. 
 
4.2. DOE- Interaction Effect (IE):Approach2  
 
4.2.1. Interaction effect. It is effect of one factor 
and its levels with levels of other factors in the 
system, in this work we use this approach to 
quantify the amount of interaction level amongst 
the factors, which in turn gave an idea to 
benchmark the product which is chosen as a one of 
the factor in this experiment. 
 
4.2.2 Generating DOE Design Table.      
We used DOE tool to generate randomized design 
table. In this experiment, we have chosen five 
factors for benchmarking the hypervisors. The full 
factorial DOE design will give 108 runs, for three 
replicates it will become 108x3= 324runs. These 
runs were randomized to reduce the influence on 
the system state due to a previous run. Moreover, 
we decided to conduct the experiment in single 
block, as the experimental duration was small. We 
conducted the experiment in the randomized run 
order. The experiment involved setting up the 
environment and measuring the throughput using 
SQLIO [11]. The observed throughput values are 
tabulated in DOE tool for further data analysis. 
 
4.2.3 Preprocessing.  We studied the variance 

among  
the replicates to understand which factors causing 
maximum variance among the replicates. It was 
found that the application block size at 256 KB was 
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giving maximum variance. This inference was 
wetted when we found that most of the outliers 
were data points with 256 KB application block 
size. Further study on the data sets revealed that 
AB and the RW combination is causing maximum 
variance in the output. We decided to conduct a 
different study to understand this observation.  

 
4.2.4. Residual Analysis.   It is difference value 
between    the model fitted output value and the 
observed output response value for each 
experimental runs. Figure 2 shows the complete 
residual analysis of the experiment. A bell-shaped 
arrangement of the data bars in histogram and 
residuals data on the straight line in normality plot 
indicates that the residuals data are normally 
distributed. These graphs shows the performance 
data is almost statistically sound for the further 
analysis.   
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Figure 2. Shows the residual analysis of 
the DOE experiment. 

 
The Figure 2(right  top)  depicts the residuals vs. 
fitted value of the experiment and it is very clear 
that it does not exhibit any shape and was a random 
cloud. This suggested that there is variance among 
the residuals is random.  Figure 3(right bottom) 
shows the residual vs. run order did not exhibit any 
pattern suggesting that there were no time 
dependencies or no influence of previous run on 
the current run in the experiment. 
 
4.2.4. DOE Interaction Effect (IE) data 

Analysis. 
Following graphs show the interaction effect of 
system type[12] with application factors in the 
configuration. Figure 3 shows the interaction 
effects between system type and the application 
type. It shows that Xen performs better than 

physical system and  vmware irrespective of the 
application type. Xen provides 7.44% better 
performance in random application and 11.22% 
better in sequential application. 
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Figure 3. Interaction plot system type vs. 
application types. 
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Figure 4. Interaction effect plot system type vs. 
application block sizes. 

 
  Figure 4 shows the interaction effect between the 
system type and application block size. From 
Figure 4, we can see that the three system types 
performance is almost same when application 
block size is set at 256KB and nearly same at 
64KB, but Xen gives 33.93% better performance 
when the application block size is set at 8 KB. 
Figure 5 shows the interaction effects for system 
type vs. read-write ratio. The inference from this 
graph is that Xen performs better when compared 
with native and vmware. The native system type is 
providing the mean performance at read only and 
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write only application when compared with xen 
and vmware. 
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Figure 5. The Interaction effect plot of system type 
vs. read-write ratios. 

 
4.3. Correlation co-efficient method- Approach 
3 
 
    By using the correlation co-efficient [13] of the 
factors or variable, one can compare the level of 
interaction amongst the factors. The value of 
correction usually falls between +1 to - 1.   Positive 
sign of the correlation coefficient shows the 
increase in values of the two factors shows the 
increase in response and vice versa for the negative 
sign. By using the direction of the correlation 
coefficient, we can identify the interaction among 
the factors. In this work we have used Pearson co-
relation co-efficient is used for estimation the 
factors relationship.  The outcome of this work   
shows the pearson co-efficient value as 0.000 for 
the Application block size, Read ratio and 
outstanding IOs (it represents they do not have any 
interaction). In the third column of the TABLE III 
shows the Pearson co-efficient as +0.026 for Read 
ratio and +0.039 for outstanding IOs with 
Throughput in IOps, it shows  OIO and RW are  
having  positive co-relation with the throughput in 
IOPS, the application block size is having negative 
co-relation (-0.424)  with throughput in IOPS. The 
main drawback of this approach it can able to 
identify the interaction only when all the screened 
controllable factors in systems are quantitative. 
Since our experiment consist of three quantitative 
factors (AB, RW and OIO), two text factors, viz 
ST and AT (non-quantities factors). Since the 
System Type (ST) is non-quantitative factor, by 
using the correlation co-efficient method, 
benchmarking of the system type is not feasible. 

 
Table2. Shows the Correlations between  

Switch Speed, Application Block Size, OIO and 
Throughput in IOps 

 
Cell Contents: Pearson correlation (PC) P-Value 

 
4.4 Interaction-effect framework by using 

Multi Vari Analysis.--  Approach4 
 
      Recently we found that Multi vari approach 
[14] would identify the interaction between the 
factors and its level. This approach has the 
potential to identify the interactions without 
making the independent relationship with other 
factors. The following graph shows the 
benchmarking of system type for the given 
application profile. 
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Figure 7. Shows the Interaction effect between the 

system type and application type. 

 Black dot represent the means of the system type 
at each level of the application type. The black 
lines connect the statistical mean values of the 
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system type factor within each level of the 
application type factor.  Red dot in the centre of the 
black line represent the means of each level of the 
system type throughput. The red lines connect 
them.    Form the figure 7, there is no evidence of 
interaction between system type and application 
type. Red symbols represent the mean value of 
throughput of the three system type when the 
application type is random. The red line connects 
the application type means, the sequential 
application results in a greater average throughput 
than random application. 
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Figure 8. Shows the Interaction effect  between the 

system type and application block size. 
 

   This figure 8 also reveals the same it doesn’t 
show any interaction between the system types at 
application block sizes. It reveals that Xen 
performs better at 8KB compare to native and 
VMware.  
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Figure 9. Shows the Interaction effect between the 

system type and application read ratio. 

 
The figure 9 shows the good interaction of both the 
system type at read/write ratio. The Xen 
performance well when compared to native and 
VMware at respective read ratios. But at read ratio 
100 the performance of Xen is slightly better than 
at 0 read ratio.  
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Figure 10. Shows the complete benchmarking 

results of the system type 
 
The summary of this Multi Vari approach case 
study from figure 10 are  
 
• System type has little impact on the overall 

SQL database  IO capacity performance 
compared to other factors such as application 
block size and application type. 

 
5.     FINAL DISCUSSION OF 

BENCHMARKING FRAMEWORKS 
 
5.1. OFAT 
 
    One factor at a time methodology executes all 
possibilities of   factors and its level, the amount of 
resources requires for conducting and 
benchmarking the system type takes more time , 
costly and manpower. Many reference and 
statistical analyst suggest this method cannot 
quantify the interaction effect, lags validation of 
normality and prone to experimental errors (time 
trend, etc). But still I feel the OFAT methodology 
can also determine the interaction effect, if it 
interworks with Multi Vari analysis framework. 
 
5.2 DOE Interaction Effect 
 
   This method of benchmarking   uses the 
interaction feature of DOE methodology. In this 
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experiment, we  did not use fractional factorial 
methods for conducting the experiment. The 
interaction effect feature of DOE quantifies the 
relative performance of the product /factor with 
other factors. Finally this method has given robust 
and good   benchmarking result, saved time and 
cost of the experiment 
 
5.3 Correlation co-efficient approach 
     This method of benchmarking the product will 
be more effective if all the factors are quantitative. 
If directly gives the interaction level of the all-
experimental factors. However, this method cannot 
able to quantify the interaction when the factors are 
non-quantitative (so-called text factor). Since our 
experiment consist of three quantitative factors 
(ABS, RR and OIO), two text factors, viz ST, and 
AT(non-quantitave factors). The prime factor 
system type is also  a non quantitative factor, by 
using the correlation co-efficient method, 
benchmarking of the storage arrays is not feasible. 
 
5.4 Multi Vari analysis 
 
   This is one of the popular quality control tool 
used for the pre-experimentation purpose for 
analyising the variability of the experiment. 
Recently during the literature survey of this work, 
we found this method also quantifies the 
interaction effect very easily.  In this work we used 
the DOE experimental runs and its response (data) 
for analyzing, the interaction effects; it is found it 
gives same results as DOE interaction effect (IE) 
approach2. One can choose either Multi vari or 
DOE- Interaction effect analysis, depends on data 
analyzing comfort ability. The interpretation of 
interaction level of many factors at a time is much 
simpler in   multi vari approach.  
  
 
6. CONCLUSIONS AND FUTURE WORK 
 
    In this work, the feasibility of cost-effective way 
of system (virtual and non-virtual) environment for 
SQL database IO capacity performance 
benchmarking is illustrated using DOE 
methodology and Multi Vari analysis. It is found 
that the DOE interaction effect and Multi vari 
approach are very interesting feature to quantify 
how good a product is working with another in a 
given configurations. We have used the framework 
effectively in comparing three system type in 
virtual and non-virtual environment. We found the 
proposed frameworks helps in reducing the 
experimental duration and costs significantly. The 

case study shows the performance benchmarking 
of the native, vmware and xen in a scientific 
manner and the experimental data are statistically 
sound. The interaction plots provide the relative 
performance results and its characteristics of the 
system type with other factors. The outcome of the 
interaction plot results shows that xen outperforms 
native and native outperforms vmware for all the 
given factors in the same environment and having 
good compatibility with the application factors. 
Finally, this experiment has given a novel way of 
benchmarking the products and provides a flexible 
base for investigating the performance 
benchmarking of the products. The authors believe 
that this approach of benchmarking provides 
simple and cost-effective guidelines to help 
engineers, scientists, and researchers in the field of 
benchmarking. 
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