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ABSTRACT

In recent yeas simulation has been the most used todl for per-
formance analysis of communicaion networks, due to the ever
increasing complexity of modern architedures and techndogies.
There are two correlated problems that are typicdly encourtered
when using smulation, espedally by less experienced praditio-
ners. Often, the number of fadors that affed the resporse of such
systems is high, which makes it difficult to distinguish their rela
tive impad on the performance Seandy, it would be helpful to
know which are the most important fadors before running the
adua simulation campaign, so asto reduce the number of scenar-
ios, hence the overal computationa time, which otherwise can
grow unrecessarily large. Both these problems are all eviated sub-
stantially if well-establi shed methoddogies, e.g. the 2¢ [ fadorial
anaysis, are employed. In this work we present a new todl that
implement all the procedures for runring a 2* [t fadorial analysis
in asimple and soundmanner. The tool, cdled factorial2kr ,
has been developed within the ns2measure framework, which
is an integrated modue, in a mature state of development, for
colleding and analyzing statisticd data with the widely used net-
work simulator ns-2. The softwareis released under GPL.

D.2.6 [Software Engineering]; Programming environments —
performance measures;|.6.7 [Simulation and Modeling]: Simu-
lation suppat system — environments; G.3 [Mathematics of
Computing]: Probability and Statistics — statistical software.

General Terms
Measurement, Performance, Experimentation, Verification.

Keywords
Simulation todls, ns-2, datisticd anaysis, network simulation,
fadoria analysis

1. INTRODUCTION

In the computer networking domain, the study of a system can
rarely be caried out throughanayticd models alore. In fad, the
large size and the complexity of advanced networking architec
tures usualy leal to a considerable number of asaumptions or
simplificaions being introduced into the mathematicd model, so
as to make it tradable. This irreparably increases the gap between
the model and the red system, which has to be somehow recov-
ered before the system under study goes into production. One way
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to achieve this goa is to build a prototype of the system, which
however can be very expensive, when feasible at al, and till
provides only partial results due to small-scde limitations. For
these reasons, it is most often the case that simulation is used as
an intermediate step between mathematicd models and prototyp-
ing, because it alows to investigate the performance with an aca-
rate level of detail under a wide variety of condtions. We now
introduce the terminology that we use throughou this work in the
context of simulation experiments. First, the response variable is
the outcome of a simulation, i.e. the measured performance of the
system. Seoond, we cdl factors the variables that affed the re-
sporee variable and whose effeds need to be quantified. The pos-
sible values that afador can take are caled levels or values. Then,
a simulation scenario is a given set of fadors' levels. Each sce-
nario can be uniquely identified by al the values of its fadors.
Finally, agroup of simulation scenarios where the primary fadors
are varied among a set of levels of interest identifies a smulation
campaign.

Usudly, to study a system throughsimulation, the analyst designs
a simulation campaign where the system is emulated in different
scenarios charaderized by different vaues of the fadors. In gen-
erd the goal of a properly designed simulation campaign is to
obtain the maximum knowledge with the minimum number of
simulations [1]. Thougtiful design of the campaign also helps in
separating out the effeds of fadors affeding the performance, and
in determining if a fador has a significant or negligible effed on
the resporse variable. The latter is not dways totaly obvious
becaise the resporse can change with different values of afador,
but observed differences might be ssimply due to random varia-
tions caused by measurement errors and other parameters that
were nat under control.

If there are no computational constraints on the simulation cam-
paign to be run, one can straightforwardly run one simulation for
every possble combination of al the fadors. Thiskind of analysis
is cdled full factorial, and it can be automated to some extent
with pubicly available tods like [3], [5] and [7], which are de-
veloped for widely used network simulators, i.e. SWAN, ns-2, and
openWNS. Even though automation can lesen the burden of
corfiguring and running the experiments, still the running time of
a full fadorial anaysis can be guite high. In fad, if there are k
fadors, given that the n-th fador has n; levels, a full fadoria
analysis requires n experiments:

nzljn @)

It is easy to seethat n can grow very large even with a relatively
small number of fadors, due to the product in (1). Therefore, it is
not always posshle to run a full fadoria analysis, becaise of
constraints on the overall running time of simulations, or on the
amourt of output data to be coll eded and analyzed. In most cases,
a fractional factorial analysis is caried out instead, where the
system resporse to only a subset of al the possble combinations
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of fadors is adually investigated. To reduce the number of re-
quired experiments, one can deaease the number of levels of eat
fador or remove some facors. Very often, the latter is not poss-
ble, becaise the analyst does not have enoughinsight of the sys-
tem to determine a priori if there are fadors that have a minor
impad on the performance Therefore, it is necessary to design a
simulation campaign with a reduced numbers of levelsin order to
preliminary evaluate how ead variation of the fadors influences
the resporses. The 2" /7 factorial analysis is an established
method of system analysis [2], where only two levels for eah
fador are retained. Others can be re-introduced in subsequent
phases of the analysis, based on the results obtained with this
preliminary analysis. This method is well-known and widely used
in pradice For instance, in [10] the authors use 2 /¥ fadorial
analysis to evaluate the performance of a nowvel routing protocol
for mobile ad-hoc wireless networks. In [11] this method is used
to identify the parameters that influence the performance of the
video transmisson over frame relay networks. The 2¢ /7 fadorial
analysis is not only useful in networking but there are severa
works that exploit it in different fields, e.g. in [12] it is used to
investigate the impaa of the design parameters of a chip padkag-
ing process

In this paper we present a tool, cdled factorial2kr 1 that
dlows to perform a 2X [t fadorial analysis starting from the data
of a smulation campaign appropriately designed. Our toal helps
to automate the analysis process and to speed up the anaysis
phase. Moreover the automation of post-processng simulation
output analysis helps to increase the credibility of the results re-
ducing human errors, as discussd in [4]. The toadl is developed
inside the framework ns2measure [8], which is a statisticd
environment that can be used to colled data from ns2 simulations.
The standard method for carying out a 2t fadorial anaysis
would be to either write a home-made tod or import the smula-
tion data, after post-procesing and filtering, into a numericd
computational environment having such feaure, like Matlab?.
Both approaches are error-prone, since some operations have to
be caried out manualy. On the other hand, with our proposed
solution, it is possble to cary out the whae processof running
simulations with ns-2% and performing a 2 [F fadorial analysison
the output data in an integrated manner, hence withou the poss-
bility of introducing human errors due to, eg., incomplete or
mismatched data, erroneous conversion from one data format to
ancother.

The rest of this document is organized as follow. Sedion2 con-
tains a detail ed description on the 2 /¥ factorial analysis method-
ology. Sedion 3 ill ustrates briefly the ns2measure framework,
in the context of which we developed the factorial2kr todl.
Sedion 4 describes the todl, while a usage example isincluded in
Sedion 5. Finally the Sedion 6 draws the conclusions.

2. 21 FACTORIAL ANALYSIS

The 2 /7 factoria analysis helps in separating out the effeds of
al fadors obtaining for ead one the relative and absolute contri-
butions in terms of a performanceindex. It needs a simulations set

! http://cngLiet.unipi.it/wiki/index.php/Factorial 2kr
2 http://www.mathworks.com/matl abcentral/fil eexchange/9448
3 http:/Aww.isi.edunsnam/ng/
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in which the k parameters to be investigated are fully varied be-
tween two fixed value (one low and one high, respedively) to
evaluate the contribution of every fador. Every scenario is repli-
caed r times, ead time with different seels for initiaizing the
random number generators, to evaluate the contribution of the
statisticd variations and experimental errors. The results of this
analysis are the absolute and relative contributions of all fadors
and of any possble combination of them. The combination of two
or more fadors is the effed due to the mutual variation of these
fadors. An absolute contribution represents the variation of the
performance index in absolute terms with resped to the corre-
spondng parameter: a positive value indicaes an increment of the
objed function with a higher value of that fador. A relative con-
tribution is a percentage that indicates the dlice of the total shift of
performance index due to the variation of the value of a parameter
from the low to the high value. The variations of the results that
canna be considered to depend on the fadors, but might be due
to statisticd errors or parameters not considered into the analysis,
fall into the measure cdled unexplained variations. Starting from
the value of the unexplained variations, the confidenceinterval of
the absolute contributions is cdculated; this interval helps to
quantify the reliability of the computed contributions.

In the following we are gaing to ill ustrate how the contribution
are evaluated starting from the resporses of al replicas in eah
scenario.

The analyticd model used to represent the resporse of any sce-
nario in the smple k = 2 case is the foll owing:

V=0t G O+ g%+ QL K x,+e

where ¢, acourts for the amourt of resporse that does not
change between the different scenarios (a kind of baseline),
whereas the other g; terms represent ead the contribution of a
different fador i, x is either 1 or —1 depending on whether the
level is low or high, respedively, and e acourts for the experi-
mental error. Moreover, the interferences due to interadions be-
tween fadors are also taken into acourt: two, or more, fadors are
said to interad if the amourt of effed of one depends uponthe
level of the others. The term ¢; acourts for the combined effed
of fadorsi andj.

Every absolute effed is cdculated from the mean responses using
the foll owing formula

12
g9, = ?Z S,J B7
i=1
where Y, is the average result of the i-th scenario and S is a ma-

trix cdled sign table; an example of it is the foll owing (in the two-
fador scenario):

1-1-1 1
11 -1 -1
1 -1 1 -1
11 1 1

This matrix is formed using the following guidelines. The first
column of the matrix consistsof all 1'sandis used to cdculate the
average of al scenario results, the next two columns represent a
single parameter and contain basicdly all possble combination of
—1 and 1. The fourth column is the product of the entries in the



previous columns and corresponds to the combined effed of the
two parameters. Each row has asociated a singe scenario in
which the parameters and the value of ead element in the row is
1if the value of the correspondng fador is high, otherwiseit is—
1

The g’ s are absolute contributions; if we want to derive the rela
tive contributions, we have to compute the variations. Spedfi-
cdly, the total variation or Total Sum of Squares (SST) is given
by:

2
Z(ym _ﬁ
]
where y is the mean of resporses from dl replicaions of all

experiments, while y; is the result of the j-th replica of the i-th
scenario. The SST can be divided into several parts as foll ows:

(9= 200 257 e T
ij g
SST=SA+...+SAB+...+SE

where g, =Y, -0~ 0, .= q[I KX .., and SSA, SSB,
SSAB are variations explained by fadors A, B and interadion
AB, respedively. The S is the unexplained variation attributed
to the experimenta errors and parameters that were not under
control.

Sincethe total variation can be represented by the following:
)2 .
SST=3 (v -¥) = X vi-¥°= X vi- of= SSY- 0
] Ll Ll

we can write thisrelation as SST = SSY —SD=SSA +SPB + ...
+ SSAB + ... + SE. This can be used as alea to compute SE.
In conclusion, the sum of squares is computed using the following
equations:

r

Zk
SsY=3 >y

i=1 j=1
S0 = 2“00q]
SST = SSY -SO
S§=s‘0O0q” wherej=1,2,..,2"

=1
SSE= SST - Z Sg
=1

From the sum of squares we can obtain the percentage of the
variation of y due to the j-th effed evaluating the ratios between
the sum of squares of the fadors and the total sum of squares.

Confidence intervals for the effeds can eventualy be derived by
computing the variance of errors, which is estimated from the SSE
asfollows:

oo SE

ET )
The quartity on the right sde of this equadion is cdled Mean
Squae of Errors (MSE). The varianceof the effeds canbe easily
estimated from M SE:
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S%:Sqazshb:“_: sqab: L= 2keﬂ

Thecorfidenceintervas for theeffeds are:

qi = ¢t{1'7“;2k¢v 1} G

where the t-value is readat 2“[{r 1) degrees of freedom. The

corfidence interval can be used to understand if a fador can be
ignaed or not. Starting from the assumption that the statistica
errors must be negligible in awell designed simulation campaign,
if the range of the absolute mntribution of one fadtor contains the
zero, the dfea of that fador can beignared.

The statisticd confidence of the results is based on the following
asuumptions, which ensure that the observations are independent
and normally distributed with constant variance

(i) themodd errors are statisticdly independent;
(ii) the erorsare normally distributed;

Visual tests can be run a posteriori on the results to chedk
whether the assumptions hald with an acceptable gproximation:

(i) (independent errors) We cmpute the residuals and pre-
pare ascatered plot of residuals versus the predicted re-
sporee. Any visible trends in the scéter plot indicae a
dependence of errors on the fadors levels. If the residu-
as are one or more orders of magnitude small er than the
predicted resporse, ay trend can be ignared.

(i) (normally distributed errors) We prepare normal quan-
tile-quantile (Q-Q) plots of errors. If any plot is gp-
proximately linea, the assumptionis satisfied.

A full example analysis is reported in Sedion5 to ill ustrate how
to use the method in pradice, &so including the visual test plots
to verify the validity of the assumptions.

3. ns2neasur e FRAMEWORK

This sedion describes the ns2measure * modue [8], distributed
under the GNU Public License (GPL), which contains the fac-

torial2kr tod. The software ns2measure , relessed as a
patch for ns-2, addresses two problems: the wlledion of samples
of metrics and the statisticd analysis of output data. As for data
colledion, it provides a general mechanism for spedfying which
events are to be logged. This alows one to record data @out any
type of event rather than just data related to padket transmisson
events (which, as drealy said, form ns-2 traces). Data @lledion
is performed efficiently, avoiding frequent 1/0, which would oth-
erwise slow down the simulation. The format used in the data log
entries simplifies the extradion of information for post-processng
analysis, eg. for generating plots. The data mlledion subsystem
is based on the implementation of a C++ class cdled Stat ,
which processes and organizes samples from an arbitrary number
of different metrics. When the user instruments the ns-2 C++ code
with cdls to a Stat::put() method, samples of a metric ae
passd to aStat objed. The samples are processd into adiffer-
ent histogram for ead metric and only the final outcome is writ-
ten to file. The Stat class provides suppat for three types of
data: metrics averaged over time (eg. throughpu or loss rate),

4 http://cng Liet.unipi.it/wiki/i ndex. phpNs2measure



Table 1. Example output of analysis 2/77.

Table 2. Values of the simulation parameters.

metrics refleding stochastic values over continuols-time (e.g.
number of padets in a queue), and metrics refleding stochastic
values over discrete-time (e.g. endto-end delay for a flow of
padets).

As for automating statisticd analysis, ns2measure dlows a
user to exeaute a number of independent replications of the same
simulation scenario and to compute means and confidence inter-
vas on the chosen metrics. This framework reli eves the ns-2 user
from having to write code i) in the Tcl scenarios for seleding
independent sub-streans of random numbers (which is seldom
dore rigorously), and ii) in some post-processng scripting lan-
guage for computing confidence intervals (which is seldom done
a al). However, ns2measure till leavesit to the user to define
simulation scenarios. When a large set of such scenarios, which
differ from one ancother by few lines of code that modifiesasingle
fador, are to be generated, things rapidly get out of control of the
simulation user, jeopardizing the credibility of the whole cam-
paign. To solve this problem recently we have improved the
ns2measure framework adding a group of tods, cdled
ANSWERthat helps to automate the simulation workflow explic-
itly designed for fadlit ating large-scde simulation campaigns, i.e.
those involving many fadors [7]. The use of thistodls reduces the
spacefor errors when defining scenarios, controls the execaution of
a large number of scenarios, and reduces the time overheal re-
quired for output data analysis.

4. factorial 2kr TOOL
The fadorial2k too is relessed under GPL and can be
downloaded at:

http://cngLliet.unipi.it/wiki/i ndex.php/Fadorial 2kr

As described below, it performs the post simulation analysis using
the fadorial methoddogy described in general termsin Sedion 2.

The first step is to run a simulation campaign designed acording
to the 2 [t fadorial guidelines: two only levels for eath of the k
fadors (one high and one low) are mutually varied al together
obtaining al the posgble combinations. Eadh combination repre-
sents a scenario that must be replicated with different randam
seals r times. Starting from the raw data colleded using
ns2measure , the factorial2kr tool analyzes the results
performing al the passages previoudly ill ustrated finally showing
as output the absolute and relative contributions of eat fador
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Basevalue y Parameter Value
Unexplained varia- Air interface IEEE80211a OFDM
X er -
tions Slot Time 9us
Factor / Combina- éo?lst?lilétf_ Confidence 50?]?::;3_ SIFS 16 us
tion ' interval 3 Physicd header 192ps
tion tion Channel rate 6 Mbps
A Xa Ca Pa RTSCTS Disabled
B Xg Cs Ps Physicad model Ided channel
c Xe Cc Pc Traffic Saturation mode
A*B XaB Ca Pag
A*C Xac Cac Pac . L
B*C X P and their combinations. Moreover, the toal uses the results of the
BC BC Pec . . A .
= single replicas to evaluate the statisticd errors, which are summa-
A*B*C XABC CaBc Pasc

rized by the confidence interval of the absolute contributions and
the percentage of the unexplained variations. The obtained output
isshown in Table 1.

The interpretation of the output is as follows. Using the same
notation as in Sedion 2, the base value of the resporse variable is
y. Each fador, or combination of fadors, i contributes to the final
value of the metric by an amourt equal to x;, i O{A, B, C, AB,
AC, BC, ABC} in absolute terms. For instance if x, >0, this
means that the metric of interest increases by x, by switching the
level of fador A from low to high. Similarly, if xag <0, this
means that the metric of interest deaeases as fadors A and B
switch from low to high level together. Note that thisisin addi-
tion to any change of the metric of interest due to eat singe
fador. The relative weight of ead fador, or combination of fac
tors, is reported in the last column as a percentage of variation.
The rows with the highest values of p; correspond to the most
important fadors, as far as the metric of interest is concerned.

Note that Z p. =100-e, i.e. in genera thereis a fradion of the

variation which cannotbe explained by changingthe values of the
fadors. This unexplained variation is the sum of two comporents:
i) errors due to the initiali zation of the random number generators
and ii) errors due to the system parameters not considered as fac
torsin the analysis.

All the passages performed acmrding to the guidelines of the
fadorial methodologyare based on the assumptions of independ-
ent and normally distributed errors. Such assumptions must be
verified to validate the analysis. To this purpose, the tool pro-
vides, in two different fil es, the raw data to plot the residuals ver-
sus the predicted resporse and the normal quantile-quantile (Q-

Q).
5. EXAMPLE SCENARIO

In this section we perform a full 2t factorial analysis in an ex-
ample scenario to better illustrate how the method can be used in
pradice For this reason, we seleded on purpose a system that has
been studied deeply in the last yeas throughboth simulations and
analyticd models. This way, we can focus on showing how to
interpret the data coming from the factorial2kr tool under
known circumstances.

The system under study consists of a single-hop IEEE 80211
wirelessnetwork with a number of stations, al in the transmisson
range of one another, transmitting data in asymptotic conditiors,
i.e. aconstant sizepadket is generated at the Medium AccessCon-
trol (MAC) layer as soon as the previous one is succesully dis-



Table 3. Factorsand their values.

Primary factor Symbol Low | High
Number of stations Nga 10 50
Number of maximum Riax 2 7
retransmissons

Padket size Pyze 100 1000
Minimum badk-off Trmin 7 63
window size

M aximum badk-off Tiax 63 1023
window size

patched. No channel errors are introduwced. Such a system has
been modeled mathematicdly in the popdar work of Bianchi [9].
In Table 2 we ill ustrate the system parameters that do not change
during the fadtoria simulation campaign. Since asymptotic cond-
tions canna be simulated with ns-2, we have enhanced the latest
version of the smulator (2.33) with this feaure. A patch to the
simulator is provided, together with the scripts to run the simula-
tion campaign and the full output data, in the factorial2kr
website. A more detail ed usage of the tool can be foundin appen-
dix, while the xml configuration file of the following smulation
campaign in the ANSWER format [8] can be foundin Figure 4.

We have focused our attention on the contention mechanism that
ead station uses to gain a transmisson oppatunity. Table 3
shows the fadors with the relative low and high values used for
the 2 fadorial analysis: minimum and maximum size of the
badk-off window size maximum number of retransmissons be-
fore a padet is dropped; padet size number of stations. Note
that the latter is not a fador under control of the system designer.
However, its presenceinto the fadorial analysis helps to evaluate
how the system behavior change with different levels of con
neded stations and how eat fador changes its influence with an
increasing network load.

The metrics, or resporse variables, considered are defined as fol-
lows. The throughput is the amount of data that ead station de-
livers succesSully to destination, withou including the MAC and
physicd healers, in the unit of time. The average end to end de-
lay is the average time that elapses between when a padet starts
the bad-off agorithm to gain accessto the medium and when the
station receves the adknowledgement after its succesqul trans-
misson. The packet drop rate, is the number of padkets dropped
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in the unit of time. Since we have assuumed ided channel cond-
tions, a padket can be dropped only if the maximum number of
retransmissons is excealed. Finaly, the average number of re-
transmissions is the average number of times that a padket has to
be retransmitted until either an adknowledgment is receved by the
sending station or it is dropped.

The factorial2kr toodl has been run once for ead metric. A
broad view of the overall results is ill ustrated in Figure 1, which
contains the four histograms of the relative contributions, one for
ead resporse variable. Only the fadors, and their combinations,
that affed the performance most are reported. Once these major
contributors are seleded, an analyst can understand how they
influence the resporse variable by looking at the sign of the abso-
lute contributions. If an absolute contribution of a fador is posi-
tive, it means that its transtion from the low value to the high
increases the resporse variable; on the contrary, if the resporse is
negative, the transition from low to high deaeases the resporse.

In the rest of the anaysis we focus on a single metric, i.e. the
throughpu, whose complete factorial2kr output is reported
in Table 4. As expeded, the throughpu is influenced mostly by
the number of terminals, the padet size and their combination.
Regarding the number of stations, when it increases from 10to 50
the amourt of transmitted data deaeases by 60% of the overall
variation because the bandwidth is shared by an increasing num-
ber of competitors, and the probability of colli sion also increases.
On the other hand, the throughpu increases with the padet size
because the impad of the MAC overhead bemmes relatively
smaller.

The percentage of the errors is approximately zero for al the re-
sporse variables and therefore the confidence intervals for the
absolute values are negligible. As last step, we have performed the
visua tests in order to verify that the assumptions of independent
and normally distributed errors hold. Figure 2 shows the scatered
plot of residual versus the predicted resporse, used to verify that
the errors are normally distributed. As can be seen this assumption
holds becaise it does not show any visible trend. Figure 3 shows
the normal quantile-quantil e plot of errors, used to verify that the
errors are normally distributed. As it is shown, the plot is ap-
proximately linea and therefore the initia assumptionistrue with
agoodapproximation.
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Figure 1. Factorial analysisrelative contributions.
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Table 4. Throughput factorial analysisresults.
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Nsta* Psize* Rmax* Tmax -108347 0.00% ANSWERelps to completely automate the processto perform a
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APPENDIX: fact ori al 2kr USAGE

The factorial2kr takes as inpu the raw data files where
ns2measure saves the simulation results and one configuration
file that describes the scenario. The raw data fil es obtained from a
simulation campaign are one for ead scenario and they contain
the results of ead response variable for all the replicas of a par-
ticular combination of dynamic fadors. They contain no meta
information abou the simulations and therefore they must be
paired with adescriptionfilein order to be processd by the faco-
ria toodl. The usage of the toal is described below:

savefil e_dir dir_savefiles

response_var name_response

num pr _f act or s num_factors

fact_1

fact_2

fact_3

fact_4

file_scenario_1 fact 1 0fact_2 0 fact 30fact 40
file_scenario_1 fact_1 1 fact 2 0 fact_3 0 fact_4 0

%ile_scenario_l fact_11fact 2 1fact 31fact 40
file_scenario_1 fact_1 1 fact 2 1fact_ 3 1fact 41

The configuration file contains at the top the diredory with the
results, the name of the resporse variable, alist of the fadors and
a description of al the data files. Each file represents a single
scenario and must be followed by the list of the fadors with a0 or
a1l respedively if in the correspondng scenario the fador is at the
low or high value.

Starting from the configuration file and the simulations data the
tool provides the following results of the fadorial analysis, where
Cl is the confidence interval haf-width, AC is the absolute con-
tribution value, and RC is the relative contribution value:

nane_r esponse: baseline[+- C]
fact_1: AC[+- Cl]per= RC%
fact_2: AC[+- Cl],per= RC%
fact_3: AC[+- Cl]per= RC%
fact_4: AC[+- Cl]per= RC%

fact _1*fact _2: AC[+- Cl],per= RC%
fact_2*fact_3: AC[+- Cl],per= RC%

fact _1*fact _2*fact_3*fact_4: AC[+- Cl],per= RC%
errors per: errors %

factorial 2kr path_config file
- ¢ conf (specify the confidence level def = 0.90)
-r name_fil e (save data for residual visual test)
-g nanme_fil e (save data for quantile visual test)
-0 nane (use a different the response variable)
-d name_di r (specify the directory of savefiles)
-n id (id run to use)

Basicdly the tod takes as input only the path to the configuration
file that contains all the necessary information needed to perform
the analysis. Some parameters, like the diredory where the output
data are stored and the name of the response variable, can be
spedfied also as command-line arguments. The configuration file
is mandatory in any case and its structure is the foll owing:
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First comes the name of the considered metric and its baseline.
For eat fador the absolute and the relative contributions are
shown. Thislast is an indicator of how much the variation of that
fador influences the resporse variable, the percentage represents
the dlice of the total resporse variation diredly conneded with
one fador. At the end the percentage of unexplained variations is
provided. Starting from this value, the confidence interval is
evaluated and shown for ead contribution.

If the todl is launched with the options —+ and —q, it savesinto the
spedfied fil es the raw data to plot the visual tests graphs.

In order to automate al these stages we have published on [7] a
modified version of launcher that can provide the results of afac
torial analysis diredly from simulation data withou the dired use
of the factorial2kr . To launch afadoria campaign, the user
has to write an xml configuration fil e which describes the scenar-
ios. An example can be foundin Figure 4.After that, the simula
tions can be run using the foll owing command:

launch.py run sim_desc.xml

Afterwards, the resulting data can be automaticaly analyzed using
the fadtoria 2kr tool throughthe foll owing statement:

launch.py fact sim_desc.xml




<?xml version="1.0" encoding="UTF-8"?>

<simulation>
<name>wifi</name>
<description>Wifi simulations </description>
<check_path>path_to_check</check_path>
<recover_path>path_to_recover</recover_path>
<factorial2kr_path>path_to_factorial2kr</factorial2kr_path>
<ns_path> path_to_ns </ns_path>
<ns_output> ns_dir_output </ns_output>
<base_scenario>wifi.tcl</base_scenario>
<min_run>5</min_run>
<max_run>5</max_run>
<savefile_dir>savefile</savefile_dir>
<factorial_response>wifi_avg_retx wifi_e2e_delay_a wifi_pkt _drop </factorial_response>
<factorial2kr_save>fact</factorial2kr_save>
<output_dir>output</output_dir>
<check_metrics>wifi_avg_retx wifi_e2e_delay_a wifi_pkt_drop wifi_tpt</check_metrics>
<check_conf_level>0.95</check_conf_level>
<check_th>0.05</check_th>

<multicell>
<param>
<name>num-stations</name>
<tclname>n-sta</tclname>
<value alias="" value="10" level="low"></value>
<value alias="" value="50" level="high"></value>
</param>
<param>
<name>packet-size</name>
<description>Packet size</description>
<tclname>pkt-size</tclname>
<value alias="" value="100" level="low"></value>
<value alias="" value="1000" level="high"></value>
</param>
<param>
<name>max-retx</name>
<description>Number of retransmissions</description>
<tclname>n-retx</tclname>
<value alias="" value="2" level="low"></value>
<value alias="" value="7" level="high"></value>
</param>
<param>
<name>min-cwnd</name>
<description>Min contention window backoff</description>
<tclname>cw-min</tclname>
<value alias="" value="7" level="low"></value>
<value alias="" value="63" level="high"></value>
</param>
<param>
<name>max-cwnd</name>
<description>Max contention window backoff</description>
<tclname>cw-max</tclname>
<value alias="" value="63" level="low"></value>
<value alias="" value="1023" level="high"></value>
</param>
</multicell>

</simulation>
Figure4. XML configuration file.
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