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1. INTRODUCTION

Simulation of the Internet is a challenging problem. Rapid growth in size, difficulty in
characterization of topology, various link properties, different protocols, difficulty of
traffic generation are stated to be the basic reasons for the difficulty of simulating the
Internet. [11]

Traffic generation is mostly dependent on characterization of the traffic, also called
traffic modeling, for the kinds of applications taking place in the network. In the case of
the Internet, the main applications are WWW, Telnet, ftp, SMTP, and NMTP. [9]
Generation of the accurate traffic in a pre-defined topology includes also the true
randomness of source, destination, and on-off times of each session for the applications.
So, for a candidate simulator of the Internet, there is a need for a traffic generator which
uses the correct traffic models for each kind of application and randomizes source,
destination, and on-off times of sessions. This report contains the information about a
project, the aim of which is to construct a traffic generator as mentioned above.

In Section 2, the general description of the project is included. In Section 3, the necessary
information about using the traffic generator as a tool is given. Next in Section 4, the
underlying techniques are described, and finally in Section 5, the results of the tests of the
traffic generator are given.



2. OVERVIEW OF THE PROJECT

2.1. Problem Statement

One of the basic steps in simulating a real network is to generate the traffic that is able to
capture the behavior of the traffic in the real network. Accuracy of the generated traffic in
simulation depends on the usage of correct distributions for packet arrivals of
applications, such as ftp, WWW, Telnet, and also the true randomization of source,
destination, and on-off times of each session. With these facts in mind, it is very
important to have a traffic generator that can be adjusted with the most important
parameters for each kind of application, such as mean rate, variance, mean number of
sessions, mean inter-arrival times of sessions, and mean duration times of sessions.

There is a need for such a traffic generator in the project "Network Management and
Control Using On-line Collaborative Simulation", which is being supervised by three
professors of the ECSE and CS Departments, and is supported by DARPA. Detailed
information  about the project can be found at the Web @ site
http://networks.ecse.rpi.edu/~olsim.

2.2. Project Description

The objective of this CS Masters Project is to generate the necessary ns and C++ code for
constructing the traffic generator described in the previous section. ns is a simulation
language specifically developed for network simulation. It was developed in CS
Department of UC-Berkeley, by using C++. Detailed information about ns can be found
at Web site http://mash.cs.berkeley.edu/ns/ns.html.

The traffic generator must be able to generate the traffic for applications like ftp, Telnet,
WWW, SMTP, which contributes the main part of the Internet traffic. The most accurate
distributions for session arrivals and the most accurate traffic models for each
application's traffic data should be used. Some introductory information about the
conventional traffic models is available in Appendix D, and some helpful publications
about the traffic models are [1], [6], and [2].

The traffic generator should take as input the mean number of sessions, the mean inter-
arrival time, and the mean duration time for each application. It should also take
parameters for the behavior of each application's traffic data, such as mean rate, variance,
packet size, burst time, and Hurst parameter.

The traffic generator will be used in the simulator of the project "Network Management
and Control Using On-line Collaborative Simulation". The implemented and tested ns Tcl
script of the traffic generator will be inserted into the simulator’s ns Tcl script, and
parameters of it will be adjusted by the other teams in the mentioned project.



3. USING THE TRAFFIC GENERATOR

3.1. How to Run

The traffic generator is implemented in ns Tcl script. So, it must be run in the ns
environment. Before using the generator one must make sure that “$ns expand-
port-field-bits 23”is available just after “set ns [New Sinmul ator]” in
the ns Tcl script. This command maximizes the possible number of agents that can be
attached to a single node. 23 is the maximum possible value for the number of port-field-
bits, but smaller values can also be used for efficiency purposes depending on the size
and structure of the simulation.

All necessary directions for running the traffic generator is available in file
“paramforgenerator.tcl”, listed in Appendix A.1.

3.2. Parameters

Although all possible parameters are listed in Figure 3-1, we need to give more detailed
information about some of them.

NODES defines the number of nodes in the topology. It is a very important parameter for
randomization of sources and destinations. In the generator, randomization of sources and
destinations is done depending on that variable. So, one must number his/her nodes from
1 to NODES; so that the traffic generator won’t try to assign a non-existing host as source

or destination. All items representing a host in the topology must be within [ 1,
NCDES] .

PER_TCP represents the percentage of TCP traffic in the whole traffic. One must know
that the generator will assign the rest of the traffic as UDP traffic.

SPD represents the smallest possible value that can be recognized by ns as the difference
between the times of two consecutive events in the simulation. Actually in ns, it is not
possible to schedule two events with less than 0.1 seconds between them. Thus, it is safer
to use a value greater than or equal to 0.1 for SPD.

M SMIP, M FTP, M WAV M _TELNET, and M X11 represent the average number of
sessions available in the topology at any instant. If one wants not to generate traffic for a
specific application, he/she must assign the mean number of sessions of that application

as zero. For example, if one wants not to generate Telnet traffic, he/she must assign 0 to
M _TELNET.

All inter-arrival times (M AT_*) and duration times (MDT_*) must be given in seconds
and must not have ns’s own units (e.g. ms, s) at the end.

MR_SMI'P must not have ns’s own units (e.g. k, b, B) at the end, and must be given in
“Bytes per second”.



MPS_X11, MPS_WANNmust not have ns’s own units at the end, and must be given in

“Bytes”.
MR _X11, MR_WAV must not have ns’s own units at the end, and must be given in
“Kbits”.

Parameter Meaning Range Default | Type
NODES Number of nodes in the topology >1 - Integer
PER TCP Percentage of TCP traffic [0, 1] - Real
SPD Smallest possible delay >=10"( - 15) - Real
M _SMIP Mean number of SMTP sessions >=0 - Integer
MNS_SMTP Mean number of sinks per SMTP session (0, NODES) - Integer
M AT_SMIP Mean inter-arrival time for SMTP sessions (0, STOP_TI ME- START_TI ME) - Real
M\B_SMTP Mean number of Bytes for SMTP sessions >0 - Integer
VAR_MNB_SMTP Variance for MNB_SMTP >0 - Real
MPS_SMTP Mean packet size for SMTP sessions >0 - Integer
MBS SMTP Mean burst size for SMTP sessions (0, MNB_SMTP/ NR_SMTP) - Real
M T_SMIP Mean idle time for SMTP sessions (0, MNB_SMTP/ NR_SMTP) 500ms |Real
MR_SMIP Mean rate for SMTP sessions >0 - Real
M X11 Mean number of X11 sessions >=0 - Integer
M AT X11 Mean inter-arrival time for X11 sessions (0, STOP_TI ME- START_TI ME) - Real
MDT_X11 Mean duration time for X11 sessions >0 - Real
MR X11 Mean rate for X11 sessions >0 - Real
MPS X11 Mean packet size for X11 sessions >0 - Integer
H X11 Hurst parameter for X11 traftic (0,1) 0.92 |Real
M FTP Mean number of FTP sessions >=0 - Integer
M AT _FTP Mean inter-arrival time for FTP sessions (0, STOP_TI ME- START_TI ME) - Real
MDT_FTP Mean duration time for FTP sessions >0 - Real
MPS FTP Mean packet size for FTP sessions >0 - Integer
MBS_FTP Mean burst size for FTP sessions (0, NDT_FTP) - Real
MT FTP Mean idle time for FTP sessions (0, NDT_FTP) 500ms |Real
MR _FTP Mean rate for FTP sessions >0 - Real
M WAV Mean number of WWW sessions >=0 - Integer
M AT_WAW Mean inter-arrival time for WWW sessions (0, STOP_TI ME- START_TI ME) - Real
NDT WA Mean duration time for WWW sessions >0 - Real
MR WAV Mean rate for WWW sessions >0 - Real
MPS_ WAW Mean packet size for WWW sessions >0 - Integer
H WAV Hurst parameter for WWW traffic (0,1) 0.92 |Real
M TELNET Mean number of TELNET sessions >=0 - Integer
M AT_TELNET Mean inter-arrival time for TELNET sessions (0, STOP_TI ME- START_TI ME) - Real
MDT_TELNET Mean duration time for TELNET sessions >0 - Real
VAR TELNET Variance for MDT_TELNET >0 - Real
MPS_TELNET Mean packet size for TELNET sessions >0 - Integer
MBS_TELNET Mean burst size for TELNET sessions (0, MNDT_TELNET) - Real
M T _TELNET Mean idle time for TELNET sessions (0, MNDT_TELNET) 500ms |Real
MR _TELNET Mean rate for TELNET sessions >0 - Real
START_TI ME Starting time of the simulation >=0 - Real
STOP_TI ME Stopping time of the simulation >START_TI ME - Real

Figure 3-1: Description of parameters to the traffic generator.




4. TECHNIQUES

4.1. Method for Generating Traffic

The generator includes several randomization operations performed by using random
variables available in ns. Sources and destinations are randomized by two different
uniform random variables that are rvuSour ce and rvuSi nk. In order to select
whether to create a TCP agent or a UDP agent another uniform random variable,
r vuTCPUDP, is used. This random variable returns a real value between 0 and 1, and
then decision is made depending on the relationship (greater or less) between the TCP
percentage (given as parameter PER_TCP) and the returned value from r vuTCPUDP.

During the generation of the traffic there was need for a sorted linked list data structure
for maintaining the ending times of the sessions for each application. Thus, we embedded
a sorted linked list object into ns as “Application/Traffic/LList”. Each element of the
linked list stores ending time of a session, and an additional integer type field for
practical purposes. The linked list itself is in ascending order upon ending the times. This
new object can be called from ns Tcl as “set list [ new
Application/ Traffic/LList]”. A new element can be inserted into the linked
listby “$l i st Insert 0.54 3”, where 0.54 corresponds to the “ending time” and 3
corresponds to the “integer field”. In order to get the values of the first element of the
linked list, one can use “$l i st Ti meCf Fi rst” for the ending time, and “$l i st

NoOX Fi r st ” for the integer field of it. In order to delete the first element of the linked
list, one must use “$l i st Del et eFi r st . The other option for deleting an element is
to use the integer field if it is unique. For example, “$l i st Del et e 3” will delete the
particular element with integer field 3.

The method for generating the traces for each application was almost the same except
SMTP, because of its different characteristics. The algorithm for Telnet, WWW, ftp, and
X11 traces is shown in Figure 4-1. The basic idea is to create sessions at the mean
number of sessions (given as parameter) and insert them into a sorted linked list
depending on their ending times. Next, until there is no element left in the list, take and
delete the first element of the list, which is the earliest stopping session, and create its
next recurrence and insert into linked list again if the new ending time is within the
simulation time. The number of the next recurrences can be 0, or 1, or 2 mostly
depending on the number of currently available sessions in the list. The next recurrences
are generated in a two step process. In the first step, with a probability

3 ﬂ Current Number of Sessions in the List
HZ . (Required Mean Number of Sessions

second step, with a probability 0.5 a new session is generated. This two step process
causes number of active sessions to be varying, which is more realistic than staying the
same. The first step limits the number of active sessions with an upper bound
(2 . (Required Mean Number of Sessions)), and a lower bound 1. The second step causes
the number of active sessions to be varying, whereas the first step tries to make it closer
to the required mean number of sessions.

)%a new session is generated. Next in the



When the mean number of sessions is large, the sorted linked list brings a very good
efficiency. Instead of comparing every session’s ending time with the stopping time of
the simulation, we can directly take the first element of the linked list for the generation
of the next session. However, if the mean number of sessions is very few, then it might
slow down the process a little bit. Assuming that the traffic generator will be run for big
topologies, using a sorted linked list is a better manner.

SMTP traces have different characteristics. SMTP traffic occurs from one source to a
group of destinations at the same time. So, traces must be generated depending on this
characteristic of SMTP traffic. Figure 4-2 lists the algorithm for generating SMTP traces.
The only difference from the others is to generate multiple destinations for each session.
This is done with an exponential random variable with an average value given as
parameter MNS_SMTP.

1. Set up the random variables for generating inter-arrival times and duration times of sessions.
2. Create a linked list for maintaining the sessions.
3. For each session do the followings:
3.1. Generate a random source.
3.2. Generate a random destination different from the source.
3.3. Make selection whether to use TCP or UDP depending on the given TCP percentage.
3.4. Identify the source and sink agents depending on the selection made in the previous step.
3.5. Randomize the starting time and the duration time.
3.6. Insert the session into linked list with its ending time.
3.7. Schedule the time for attaching the source agent to source node, and the sink agent to
destination node.
3.8. Schedule the time for attaching the traffic source to the source agent.
3.9. Schedule the time for connecting the source and the sink agents to each other.
3.11. Schedule the starting and stopping times for the traffic source.
3.12. Schedule the detachment of agents from the source and destination nodes.
4. Get the ending time and session number of the first element in the list and delete it.
5. Until there is no element left in the linked list, do the followings:
5.1. Generate a random source.
3.2. Generate a random destination different from the source.
5.3. Make selection whether to use TCP or UDP depending on the given TCP percentage.
5.4. Identify the source and sink agents depending on the selection made in the previous step.
5.5. Randomize the starting time and the duration time.
5.6. Create the next recurrences of the session, and insert them into linked list with their ending
times, if their ending times are within the simulation time.
5.7. Schedule the time for attaching the source agent to source node, and the sink agent to
destination node.
5.8. Schedule the time for attaching the traffic source to the source agent.
5.9. Schedule the time for connecting the source and the sink agents to each other.
5.11. Schedule the starting and stopping times for the traffic source.
5.12. Schedule the detachment of agents from the source and destination nodes.
5.13. Get the endine time and session number of the first element in the list and delete it.

Figure 4-1: Algorithm for generating the traces of Telnet, WWW, ftp, and X11.

SMTP traffic occurs when an email is sent to an email list. Since email lists automatically
send a newly arrived email to all its members, the generated traffic will be like traffic
going from one source to multiple destinations all at the same time. In order to simulate




SMTP traffic, new source and sink agents are created at the number of previously and
randomly assigned destinations. All source agents are attached to the same node, which is
the source of the session. Sink agents are attached to their corresponding nodes. All
source agents are started and stopped at the same time. Thus, the general view of the
generated trace is similar to SMTP traffic.

During the generation of traces, we used several extra linked lists for managing garbage
collection, and storing destinations (or sinks) of SMTP sessions temporarily.

1. Set up the random variables for generating inter-arrival times and number of sinks of sessions.
2. Create two linked lists (SMTPLi st, Si nksLi St), one for maintaining the sessions, one for
temporarily storing the sinks of each session.
3. For each session do the followings:
3.1. Generate a random source.
3.2. Randomly generate the number of sinks for that session.
3.3. Randomly generate destinations different from the source.
3.4. Randomize the starting time and the duration time.
3.5. Insert the session into linked list with its ending time.
3.6. Make selection whether to use TCP or UDP depending on the given TCP percentage.
3.7. ldentify the source and sink agents depending on the selection made in the previous step.
3.8. Schedule the time for attaching the source agent to source node, and the sink agent to
destination node.
3.9. Schedule the time for attaching the traffic source to the source agent.
3.10. Schedule the time for connecting the source and the sink agents to each other.
3.11. Schedule the starting and stopping times for the traffic source.
3.12. Schedule the detachment of agents from the source and destination nodes.
4. Get the ending time and session number of the first element in the list and delete it.
5. Until there is no element left in the linked list, do the followings:
5.1. Generate a random source.
5.2. Randomly generate the number of sinks for that session.
5.3. Randomly generate destinations different from the source.
5.4. Randomize the starting time and the duration time.
5.5. Create the next recurrences of the session, and insert them info linked list with their ending
times, if their ending times are within the simulation time.
5.6. Make selection whether to use TCP or UDP depending on the given TCP percentage.
5.7. Identify the source and sink agents depending on the selection made in the previous step.
5.8. Schedule the time for attaching the source agent to source node, and the sink agent to
destination node.
5.9. Schedule the time for attaching the traffic source to the source agent.
5.10. Schedule the time for connecting the source and the sink agents to each other.
5.11. Schedule the starting and stopping times for the traffic source.
5.12. Schedule the detachment of agents from the source and destination nodes.
5.13. Get the ending time and session number of the first element in the list and delete it.

Figure 4-2: Algorithm for generating the traces of SMTP.

4.2. Distributions

Several applications in the Internet have not been surely identified to have a specific
traffic behavior so far. Although there has been substantial research on that area, there is




no guarantee to have the same traffic behavior in the future. So, only available
information about this subject is used in the traffic generator.

Application| Inter-arrival Times of Sessions | Duration Times of Sessions | Data in Sessions
Telnet Exponential Log-normal [9] Pareto [7]

WWW Exponential Exponential Self-Similar [5]
fip Exponential [10] Exponential Pareto

X11 Exponential [10] Exponential Self-Similar [10]
SMTP Exponential Log-normal [9] Pareto

Figure 4-3: Used distributions for sessions of each application.

Figure 4-3 lists the distributions for inter-arrival times and duration times of sessions, and
packet arrivals in sessions. Inter-arrival times of Telnet, SMTP, and WWW are assumed
to be Exponential. Similarly, duration times of WWW, ftp, and X11 are assumed to be
Exponential. Packet arrivals of ftp and SMTP are said to be bursty and not Poisson [10]
respectively, so we assumed Pareto is able to capture them. Similarly, packet arrivals of
X11 are said to be not Poisson [10], so we assumed self-similar behavior is able to
capture it. In fact, these assumptions can be changed in the traffic generator very easily.
One can always change the corresponding code of the generator for this purpose.

In ns there is no random variable that is able to generate values with Log-normal
distribution. Thus, we wrote a procedure, “Gaussi an”, for generating values with
Gaussian, also called “normal”, distribution, and made the logarithmic conversions for
generating Log-normal distribution. Gaussi an takes “mean” and “variance” as
parameters, and returns a value with Gaussian distribution. In other words, it makes the
conversion from uniform distribution, which is available in ns, to Gaussian distribution.
log, of the given mean and variance is given to Gaussi an, and 2 to the power of the
returning value is calculated, which is the required Log-normal value.

A self-similar traffic generator is also not available in ns. So, we implemented and
embedded a new traffic generator, SupFRP, into ns (see Section 4.3). This generator is
called from ns for generating self-similar WWW and X11 packet arrivals.

4.3. SupFRP

4.3.1. Using SupFRP in ns

In Section 4.2 we stated that there is a need for self-similar traffic for some applications.
In order to generate self-similar traffic we created a new TclObject, and embedded into
ns’s C++ code (see Appendix B). This new TclObject is called from
“Application/Traffic/SupFRP” class in ns Tcl with parameters: rate_, FRPs_,
packet size_ ,and hurst .

The meaning of each parameter and their default values are listed in Figure 4-4. r at e_
must be given in “Kbits per second”. packet _size_ must be given in “Bytes”.
FRPs __ is used for defining the number of Fractal Renewal Processes (FRPs) that are



going to be superposed for the traffic. hur st _ is used for defining the Hurst parameter,
which defines the degree of self-similarity (see Section 4.3.2).

Parameter Meaning Default | Range | Type
rate_ mean transmission rate 5 Kb >0 |Real
packet size  [mean packet size 5B >0 |Integer
FRPs number of FRPs 5 >0 |Integer
hur st degree of self-similarity 092 | (0,1) |Real

Figure 4-4: List of parameters in SupFRP

4.3.2. Analysis of SupFRP

Since generation of fractal traffic requires computationally complex formulas to be
calculated, it has been a challenge to find a way of generating fractal traffic in a tractable
way. B. K. Ryu proposed an algorithm for generating fractal traffic in his PhD
dissertation in 1996, and called it as “SupFRP”. [12]

The algorithm makes the traffic generation on a renewal-based method. There are M
Fractal Renewal Processes (FRP), superposition of which is the total traffic that is being
generated. The algorithm takes only three parameters: mean packet arrival rate (A), Hurst
parameter (H), and the number of FRPs (M). By using these parameters it is possible to
generate several kinds of traffic.

A is calculated by the formula A=(1000*rate_)/ (8*packet _size_ ), with the
assumption that r at e_ will be given in “Kbits per second” and packet _si ze_ will
be given in “Bytes”. This results in “packets/second” as the mean packet arrival rate.

The Hurst parameter, H, is the basic parameter to justify the behavior of the resulting
traffic. H can have a value in (0,1), and when it gets closer to 1, the generated traffic will
have more fractal behavior, i.e. will be more “long-range dependent” and will have more
“slowly decaying variance” property. When H gets closer to 0, the traffic will be more
“short-range dependent”, and will have “geometrically decaying variance” property.

The parameter M corresponds to the number of traffic sources. M is used to control
burstiness of the generated traffic. For fixed A and H, smaller M gives rise to burstier
traffic, therefore greater variance.

In order to understand whether SupFRP is able to generate self-similar traffic we need to
look at auto-correlation function (ACF) and index of dispersion for counts (IDC) (see
Appendix D). Figure 4-5 and Figure 4-6 represent ACF and IDC of the traffic generated
by SupFRP for three different values of Hurst parameter when slot length is equal to 0.01
sec and the following values are given as the parameters to the algorithm:



Mean packet arrival rate (A): 20,000 packets/second

Number of FRPs (M): 5
Simulation time: 1,300,000 packet arrivals
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Figure 4-5: ACF of the traffic generated by SupFRP and Poisson.
Obtained by averaging the ACFs of 6 different seeds.
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Figure 4-6: IDC of the traffic generated by SupFRP and Poisson.
Obtained by averaging the IDCs of 6 different seeds.

Figure 4-5 (ACF vs. lag k) is obtained by calculating the value of ACF when lag &, which
is the number of intervening time slots, increases. We can see that when H is 0.9, the
generated traffic is almost scalable (see Appendix D.2.2.3) with respect to ACF.
Moreover, ACF is not tending to zero when lag k& is increased. So we can also say that
ACF is not summable when £ goes to infinity, which is the first rule of power-law (see
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Appendix D.2.2.3). In addition, when we decrease the Hurst parameter, we can see that
ACF is converging to zero in a short amount of time. Thus, we can say that the algorithm
is generating a long-range dependent traffic when H is close to 1.

Figure 4-6 (IDC vs. time) is obtained by calculating the value of IDC when time
increases. Power-law states that fractal traffic has a scalable IDC, which means having
“slowly decaying variance” property (see Appendix D.2.2.3). We can see this property
for the generated traffic when H is 0.9 again. When H is 0.9, IDC is converging to a
constant in a longer amount of time than the other IDCs obtained for H=0.75 and H=0.5.
When H decreases, IDC of the generated traffic converges to a constant in shorter amount
of time. Since IDC is calculated by dividing variance with the mean, it is not so hard to
figure out that the traffic generated with H=0.9 has more “slowly decaying variance”
property. Having an IDC converging to a constant in a short amount of time is a behavior
of traditional traffic models such as Poisson, MMPP. This property is also defined as
“geometrically decaying variance” property.

Finally, we can say that when H gets closer to 1, the traffic generated by SupFRP is
getting more “long-range dependent”, and is having more “slowly decaying variance”
property. Since in order to be self-similar at least two of the rules of power-law must be
satisfied (see Appendix D.2.2.3), the self-similarity of the generated traffic is getting
more when H gets closer to 1. Depending on these results, we can use SupFRP as a self-
similar traffic generator by just giving a Hurst parameter closer to 1.

In Figure 4-5 and Figure 4-6, we can also see ACF and IDC of Poisson process, which
gives us an opportunity of comparing SupFRP and Poisson. We can see that ACF of
Poisson is tending to zero earlier than SupFRP, and IDC of Poisson is converging to a
constant earlier than SupFRP. Thus, we can easily conclude that SupFRP is generating a
traffic with more “long-range dependence” and more “slowly decaying variance”
property than Poisson.
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5. TESTING RESULTS

Since the aim of this project is to generate sources, destinations, and on-off times of
sessions randomly, we tested the generator to make sure that it is generating the required
randomization while obeying the given parameters. The other important issue to find out
is to identify the minimum simulation time for the stabilized statistical results to be
obtained. We ran the generator for from 1 hour to 17 hours of simulation times with the
following important parameters given:

M SMIP = M X11 = MFTP = M WAV = M TELNET =10
M AT_SMIP = 400

MNB_SMIP = 1000

VAR_MNB_SMTP = 1.0

MR SMIP = 100

M AT X11 = M AT_FTP = M AT WAV = M AT_TELNET = 150
MDT_X11 = MDT_FTP = MDT_WAW = MDT_TELNET = 10

VAR _TELNET = 1.0

Figure 5-1 represents the number of scheduled sessions during the simulation varying
according to the simulation time in tabular form. Since the inter-arrival time of SMTP is
400sec, which is greater than the others’ inter-arrival times, the number of scheduled
sessions for SMTP is growing slower. The number of scheduled sessions depends on the
mean duration time, the mean inter-arrival time, the mean number of sessions of the
application, and the simulation time.

Number of Sessions

Simulation Time (hour) Telnet WWW ftp SMTP X11
1 247 243 265 100 246
2 488 490 439 200 447
3 701 660 675 287 675
4 928 884 893 371 902
5 1137 1132 1124 455 1130
6 1331 1354 1328 545 1325
7 1559 1562 1579 643 1572
8 1772 1787 1825 743 1767
9 1997 2019 2019 839 2003
10 2219 2197 2250 910 2239
11 2461 2425 2500 989 2462
12 2689 2696 2699 1072 2690
13 2875 2912 2919 1183 2912
14 3107 3097 3198 1258 3143
15 3318 3306 3425 1336 3393
16 3532 3593 3732 1419 3586
17 3688 3795 3929 1480 3732

Figure 5-1: Number of scheduled sessions for each application during the simulation.
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Obtained Mean Duration Times vs.
Simulation Time
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Figure 5-2: Comparison of obtained mean duration times and the required (given)
mean duration time, while simulation time is varying.

Mean Inter-Arrival Times vs.Simulation Time
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Figure 5-3: Comparison of obtained mean inter-arrival times and the required (given)
mean inter-arrival times, while simulation time is varying.

We can write the formula for calculating the expected number of scheduled sessions for
an application as follows:

(Mean Number of Sessions)° (Simulation Time)

Number scheduled = - - - -
(Mean InterArrival Tlme) + (Mean Duration Tlme)
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Mean Number of Sessions vs. Simulation Time
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Figure 5-4: Comparison of obtained mean number of sessions and the required
(given) mean number of sessions, while simulation time is varying.

Figure 5-2 represents the change in the mean duration times of each application when the
simulation time is increased. According to the given parameters, the required mean
duration time for all applications is 10sec. From Figure 5-2, we can conclude that the
mean duration times of all application are stabilized after at least a 5 hours of simulation
time, which corresponds to 1000 sessions to be scheduled approximately. The interesting
result available in Figure 5-2 is to have the mean duration times of SMTP and Telnet
being stabilized even for 1 hour of simulation time. The reason is to have small variances.
Parameters affecting the mean duration time of SMTP are MN\B_SMIP,
VAR_MNB_SMTP, MR_SMTP. At first, by using MNB_SMI'P and VAR_MN\B_SMTP, the
number of bytes to be transmitted in the SMTP session is identified. Next, the duration
time is found by dividing the number of bytes by MR_SMI'P. So, the VAR_M\B_SMIP is
a very important parameter for the duration time of the SMTP sessions. Since
VAR_M\B_SMIP, used for generating the results in Figure 5-2, is very small compared
to MNB_SMTIP, the mean duration time of SMTP sessions is stabilized very early. Similar
case is also available for Telnet sessions’ mean duration time. However, one must take
care of the variance, if the variance is large compared to the mean.

In Figure 5-3, which represents the changes in the mean inter-arrival times, we can see
the importance of the number of scheduled sessions. The mean inter-arrival time for
SMTP stabilizes after 12 hours of simulation time, whereas the other applications
stabilize after 5 hours of simulation time. From Figure 5-1, we can see that both of them
correspond to the same number of scheduled sessions, approximately 1000.

Figure 5-4 represents the changes in the mean number of sessions for the applications.

We can see the same difference between SMTP and the other applications as in the mean
inter-arrival times. All of the applications except SMTP have mean number of sessions
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between 10 and 11 after 5 hours of simulation time. Thus SMTP is stabilizing after 12

hours of simulation time again, whereas the others are stabilizing after 5 hours of
simulation time.

We can conclude that it is not safe to run the traffic generator for fewer than 1000
sessions for each application. However, if there is smaller error tolerance, then more
detailed analysis of the results must be done in order to find out the minimum number of
sessions each application should be run.
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6. FUTURE WORK

The first thing that can be done for improvement of this traffic generator is to implement
the approximations in SupFRP, proposed by B. K. Ryu. He claims about the
computational complexity of the pure algorithm of SupFRP, and proposes some
approximation techniques in his PhD dissertation. [12] However, one can also implement
a better self-similar traffic generator, which is more tractable and flexible.

Another beneficial thing to do is to analyze the behavior of aggregate traffic generated by
the traffic generator. This can be performed with tracking packet arrivals on some
particular links in the topology. This work will give a chance of comparing the generated
traffic and the real traffic.
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Appendix A. Tel SCRIPT OF THE TRAFFIC GENERATOR

Tcl code of the traffic generator is divided into two files: paramforgenerator.tcl and
trafgenerator.tcl. paramforgenerator.tcl includes the tcl code for adjusting the parameters
to the traffic generator. trafgenerator.tcl is the traffic generator itself.

Appendix A.1. Tcl Script of Parameters

“paramforgenerator.tcl”

o g g g g
B s e o R R R e

# This file contains directions for the necessary adjustnments for using the #

# traffic generator. The traffic generator is available as tcl code in #
# "trafgenerator.tcl" file. #

# At first, if you want to define your own sinulator set up options, then
# you nust change the tcl code in "SETTING UP THE SI MULATI ON' part of
# this file.

#HtH 2 H#Hit#
# Next, necessary tcl code for defining the topol ogy nmust also be added to the
# end of this file.

#it#H 3 H#it#

# Before using trafgenerator.tcl, this file (paranforgenerator.tcl) nust be set

# up according to the explanations for each paraneter, and nerged to the

# begi nning of trafgenerator.tcl.

# Some of the paraneters nust be defined, otherwi se the generator will give

# error. However, the rest have default values. The ones without a default val ue
# are marked with "NEEDS VALUE'. A brief info about the units of the paraneters

# is also added. For nore detailed infornation about the paraneters, |ook at

# "project.ps" file.

HitH 4 H#H#t#
# After setting up the paraneters, you can run the generator in the ns
# environnent.

HItHR BB R EH#RE SETTING UP THE SI MULATI ON #####HH
HHHHHHHHHHAFHHHHHH HHHHHHHHFHFHHHHH

set nf [open /space/tnp/out.namw
$ns nantrace-all $nf
$ns expand-port-field-bits 23

proc finish {} {
gl obal ns nf
$ns flush-trace
cl ose $nf
exec nam /space/tnp/out.nam &
exit O

}

# NEEDS VALUE # integer
# Nunber of nodes in the topol ogy. You nust nunber your nodes from1l to $NODES.
set NCDES 32

# NEEDS VALUE # real
# percetage of TCP traffic.
set PER_TCP 0.8

# NEEDS VALUE # real

# smal | est possible delay (smallest possible value is 0.000000000000001=10"-15)
set SPD 0.1
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HHHHH R SMTP PARANVETERS #######HTHHHH#H#HH
# NEEDS VALUE # integer

# nmean # of SMIP sessions

set M SMIP 10

# NEEDS VALUE # integer
# Mean # of sinks per each SMIP session
set MNS_SMIP 5

# NEEDS VALUE # real
# Mean Inter-Arrival Time for SMIP (rmust be in seconds)
set M AT_SMIP 400

# NEEDS VALUE # real
# Mean Number of Bytes for each SMIP session
set MNB_SMIP 1000

# NEEDS VALUE # real
# Variance for the Mean Nunber of Bytes for each SMIP session
set VAR_M\B_SMIP 100. 0

# NEEDS VALUE # integer
# Mean Packet Size for SMIP (must be in bytes)
set MPS_SMIP 500

# NEEDS VALUE # real
# Mean Burst Size for SMIP (must be in seconds)
set MBS_SMIP 0. 05

# Mean ldle Tinme for SMIP (nust be in seconds or with ns' units)
set M T_SMIP 10ns

# NEEDS VALUE # real
# Mean Rate of SMIP sessions (don't use ns' units like k, b, B, M)
set MR_SMIP 100

#HtHH T X11 PARANVETERS #####H##HHEHHHHHT
# NEEDS VALUE # integer

# mean # of X11 sessions

set M X11 10

# NEEDS VALUE # real
# Mean Inter-Arrival Time for X11 (must be in seconds)
set M AT_X11 150

# NEEDS VALUE # real
# Mean Time for duration of each X11 connection (rmust be in seconds)
set MDT_X11 10

# NEEDS VALUE # real
# Mean Rate of X11 sessions (nmust be in Kbits)
set MR X11 0.1

# NEEDS VALUE # i nteger
# Mean Packet Size for X11 sessions (nust be in bytes)
set MPS_X11 500

# Hurst pareneter for X11 sessions (rmust be in (0,1))
set H X11 0.92

HitH#H#HHEHH#E FTP PARANVETERS #######HBHIHIHIH
# NEEDS VALUE # integer

# mean # of ftp sessions

set M FTP 10

# NEEDS VALUE # real
# Mean Inter-Arrival Tinme for ftp (nmust be in seconds)
set M AT_FTP 150

# NEEDS VALUE # real
# Mean Tinme for duration of each ftp connection (rmust be in seconds)
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set MDT_FTP 10

# NEEDS VALUE # integer
# Mean Packet Size for FTP (must be in bytes)
set MPS_FTP 500

# NEEDS VALUE # real
# Mean Burst Size for FTP (nust be in seconds)
set MBS_FTP 0. 05

# Mean ldle Tinme for FTP (nust be in seconds or with ns' units)
set MT_FTP 10ns

# NEEDS VALUE # real
# Mean Rate of FTP sessions (must be in bytes)
set MR_FTP 100

HitH#H#HHH R WV PARANVETERS  ########H#HBHBHIH
# NEEDS VALUE # integer

# mean # of WWV sessions

set MWWV 10

# NEEDS VALUE # real
# Mean Inter-Arrival Time for WW (must be in seconds)
set M AT_WAW 150

# NEEDS VALUE # real
# Mean Time for duration of each WMV connection (rmust be in seconds)
set MDT_WAW 10

# NEEDS VALUE # real
# Mean Rate of WMWVsessions (must be in Kbits)
set MR WWO.1

# NEEDS VALUE # integer
# Mean Packet Size for WWVsessions (nmust be in bytes)
set MPS_WW 500

# Hurst pareneter for WMWVsessions (rmust be in (0,1))
set H WAV 0. 92

#HtHH R TELNET PARAVETERS #####H#7HHHH##HHHHH
# NEEDS VALUE # integer

# mean # of Tel net sessions

set M TELNET 10

# NEEDS VALUE # real
# Mean Inter-Arrival Time for Telnet (nust be in seconds)
set M AT_TELNET 150

# NEEDS VALUE # real

# Mean Time for duration of each Tel net connection (nust be in seconds)
set MDT_TELNET 10

# NEEDS VALUE # real

# Variance for duration of each Tel net connection (nust be in seconds)
set VAR TELNET 2.5

# Mean Packet Size for Telnet (nmust be in Bytes)
set MPS_TELNET 500

# Mean Burst Size for Tel net(nmust be in seconds)
set MBS_TELNET 0.05

# Mean ldle Time for Telnet (rmust be in seconds or with ns' units)
set M T_TELNET 10ns

# Mean Rate of TELNET sessions (nust be in Bytes)
set MR_TELNET 100

# NEEDS VALUE # real
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# starting tine of the sinmulation
set START_TIME 0.0

# NEEDS VALUE # real
# ending tinme of the simulation
set STOP_TI ME 10800.0
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Appendix A.2. Tcl Script of the Traffic Generator

“trafgenerator.tcl”

o g g g g
R s R R R e

# This file contains tcl code of a traffic generator which random zes the #

# source, destination, and on-off tinmes of the sessions according to the #
# given paraneters. Directions for setting up the paranmeters are available #
# in paranforgenerator.tcl file. #

BHHHH AR R R

HItHH BB HH AR TRAFFI C GENERATOR #HHHHHARHHHHHHHHHHH
HHHHHHHHHH A HHHHAHHHHHFHHFHHFHHFHHH

# RV for constructing Gaussian distribution...
set rvuGauss [ new RandonVari abl e/ Uni f ormnj
$rvuGauss set mn_ 0O

$rvuGuss set max_ 1

# returns a value with a Gaussian distribution of "nean" and "vari ance"
proc Gaussian { nean variance } {

gl obal rvuGauss

set pl [$rvuGauss val ue]

set p2 [$rvuCGauss val ue]

set gau [expr $nmean + S$variance * sqgrt(-2.0*1 og($pl)) * cos($p2*2.0*3.1415927)]

return $gau

# RV for creating the next recurrences of each session
set rvuSessi on [ new RandonVari abl e/ Uni f ornj
$rvuSession set min_ 0

$rvuSessi on set max_ 1

# RV for TCP/UDP sel ection

set rvuTCPUDP [ new RandonVari abl e/ Uni f ornj
$rvuTCPUDP set min_ 0

$rvuTCPUDP set max_ 1

# RV for generating sources

set rvuSource [new RandonVari abl e/ Uni f ornj
$rvuSource set mn_ 1

$rvuSource set nmax_ $NODES

# RV for generating sinks

set rvuSi nk [ new RandonVari abl e/ Uni f ormj
$rvuSink set mn_ 1

$rvuSi nk set max_ $NODES

o g g g g g g
HHHHAHHHH AR AR

# Generating SMIP traffic...
puts "Generating SMIP traffic..."

set SMIPCOUNTER 0O
set SI NKCOUNTER 0

# RV for generating M AT for SMIP sessions (Poisson SMIP arrivals)
set rveM ATSMIP [ new RandonVari abl e/ Exponenti al ]
$rveM ATSMIP set avg_ $M AT_SMIP

# RV for generating Nunmber of Sinks of SMIP sessions
set rveSI NKSMIP [ new RandonVari abl e/ Exponenti al ]
$rveSI NKSMTP set avg_ $MNS_SMIP

set Tot al SMIPTCP 0
set Tot al SMIPUDP 0
set Tot al SMTPTCPAgent 0
set Tot al SMTPUDPAgent 0
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set Curr SMIPTCP(0) O
set Curr SMIPUDP(0) O
set Curr SMIPTCPAgent (0) O
set Curr SMIPUDPAgent (0) O

set SMIPLi st [new Application/Traffic/LList]

set SinksList [new Application/Traffic/LList]

set SMIPFreeTCPLi st [new Application/ Traffic/LList]

set SMIPFreeUDPLi st [new Application/ Traffic/LList]

set SMIPFreeTCPAgent Li st [new Application/Traffic/LList]
set SMIPFreeUDPAgent Li st [new Application/ Traffic/LList]

set SMIPsrc(0) [new Agent/ TCP]
set SMIPsi nk(0) [new Agent/TCPSi nk]

set SMIPTCPsrc(0) [new Agent/TCP]

set SMIPTCPsi nk(0) [ new Agent/ TCPSi nk]

set SMIPUDPsrc(0) [new Agent/ UDP]

set SMIPUDPsi nk(0) [ new Agent/ UDP]

set SMIPTCPAgent (0) [new Application/FTP]

set SMIPUDPAgent (0) [new Application/ Traffic/Pareto]

## Finds an idle agent, an idle source, and an idle sink or creates new ones

## For TCP session that is going to be generated

proc SMIPProclTCP { SI NKCOUNTER } {

gl obal Curr SMIPTCP SMIPFreeTCPLi st Tot al SMIPTCP SMIPsrc SMIPsi nk SMIPTCPsrc SMIPTCPsi nk
gl obal Curr SMIPTCPAgent SMIPFreeTCPAgent Li st Tot al SMTPTCPAgent SMIPTCPAgent

gl obal MPS_SMIP MBS_SMIP MR_SMIP

set Curr SMIPTCPAgent ( $SI NKCOUNTER) [ $SMTPFreeTCPAgent Li st NoOf Fi r st ]
$SMIPFr eeTCPAgent Li st Del et eFi r st
if {$Curr SMIPTCPAgent ($SI NKCOUNTER) == 0} {

incr Tot al SMIPTCPAgent

set Curr SMIPTCPAgent ( $SI NKCOUNTER) $Tot al SMTPTCPAgent

set SMIPTCPAgent ( $Cur r SMTPTCPAgent ( $SI NKCOUNTER) ) [ new Appl i cati on/ FTP]

}

set Curr SMIPTCP( $SI NKCOUNTER) [ $SMIPFreeTCPLi st NoOf Fi rst]
$SMIPFr eeTCPLi st Del et eFi r st
i f {$Curr SMIPTCP($SI NKCOUNTER) == 0} {

incr Total SMIPTCP

set Curr SMIPTCP( $SI NKCOUNTER) $Tot al SMTPTCP

set SMIPTCPsr c($Cur r SMTPTCP( $SI NKCOUNTER) ) [ new Agent/ TCP]

set SMIPTCPsi nk( $Cur r SMIPTCP( $SI NKCOUNTER) ) [ new Agent/ TCPSi nk]

}
set SMIPsrc($SI NKCOUNTER) $SMIPTCPsr c( $Cur r SMTPTCP( $SI NKCOUNTER) )
set SMIPsi nk($SI NKCOUNTER) $SMTPTCPsi nk( $Cur r SMTPTCP( $SI NKCOUNTER) )

$SMIPsr c( $SI NKCOUNTER) set packet Si ze_ $MPS_SMIP
$SMIPsr c( $SI NKCOUNTER) set maxburst _ [ expr round($MBS_SMIP* $VR_SMIP/ $SMPS_SMIP) |
## Mean idle time is ignored for TCP Tel net sessions...

}

## Finds an idle agent, an idle source, and an idle sink or creates new ones

## For UDP session that is going to be generated

proc SMIPProclUDP {SI NKCOUNTER} {

gl obal Curr SMIPUDP SMIPFreeUDPLi st Tot al SMTPUDP SMIPUDPsrc SMIPUDPsi nk SMIPsrc SMIPsi nk
gl obal Curr SMIPUDPAgent SMIPFreeUDPAgent Li st Tot al SMTPUDPAgent SMIPUDPAgent

gl obal MPS_SMIP MBS_SMIP M T_SMIP MR_SMIP

set Curr SMIPUDPAgent ( $SI NKCOUNTER) [ $SMTPFr eeUDPAgent Li st NoCOf Fi rst]

$SMIPFr eeUDPAgent Li st Del et eFi r st

i f {$Curr SMTPUDPAgent ( $SI NKCOUNTER) == 0} {
incr Tot al SMTPUDPAgent
set Curr SMIPUDPAgent ( $SI NKCOUNTER) $Tot al SMTPUDPAgent
set SMIPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) [ new Appli cati on/ Traffi c/ Paret o]
$SMITPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) set packet _size_ $MPS_SMIP
$SMTPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) set burst_size_ $MBS_SMIP
$SMIPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) set idle_tinme_ $M T_SMIP
$SMITPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) set rate_ $MR_SMIP



$SMIPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) set shape_ 1.5
}

set Curr SMIPUDP( $SI NKCOUNTER) [ $SMIPFr eeUDPLi st NoOf Fi r st]
$SMIPFr eeUDPLi st Del et eFi r st
i f {$Curr SMIPUDP( $SI NKCOUNTER) == 0} {
i ncr Tot al SMIPUDP
set Curr SMIPUDP( $SI NKCOUNTER) $Tot al SMIPUDP
set SMIPUDPsr c( $Cur r SMITPUDP( $SI NKCOUNTER) ) [ new Agent / UDP]
set SMIPUDPsi nk( $Cur r SMTPUDP( $SI NKCOUNTER) ) [ new Agent/ UDP]

}

set SMTPsrc($SI NKCOUNTER) $SMIPUDPsr ¢( $Cur r SMTPUDP( $SI NKCOUNTER) )

set SMIPsi nk($SI NKCOUNTER) $SMTPUDPsi nk( $Cur r SMIPUDP( $SI NKCOUNTER) )
}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc SMIPProc2TCP {SI NKCOUNTER nodel node2} {

gl obal SMrPsrc SMIPsi nk ns SMIPTCPAgent Curr SMIPTCPAgent n

$ns attach-agent $n($nodel) $SMIPsr c($SI NKCOUNTER)

$ns attach-agent $n($node2) $SMIPsi nk( $SI NKCOUNTER)

$ns connect $SMIPsrc($SI NKCOUNTER) $SMTPsi nk( $SI NKCOUNTER)

$SMIPTCPAgent ( $Cur r SMTPTCPAgent ( $SI NKCOUNTER) ) attach-agent $SMIPsr c( $SI NKCOUNTER)
}

## Sets up the connection between previously identified source & destination
## For UDP session that is going to be generated

proc SMIPProc2UDP {SI NKCOUNTER nodel node2} {

gl obal SMIPsrc SMIPsi nk ns SMIPUDPAgent Curr SMIPUDPAgent n

$ns attach-agent $n($nodel) $SMIPsrc($SI NKCOUNTER)

$ns attach-agent $n($node2) $SMIPsi nk( $SI NKCOUNTER)

$ns connect $SMIPsr c( $SI NKCOUNTER) $SMIPsi nk( $SI NKCOUNTER)

$SMITPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) att ach-agent $SMIPsr c( $SI NKCOUNTER)
}

## Starts the TCP traffic source
proc SMIPProc3TCP {SI NKCOUNTER Byt esToSend} {
gl obal SMIPsrc

$SMIPsr c( $SI NKCOUNTER) send $Byt esToSend
}

## Starts the UDP traffic source
proc SMIPProc3UDP {SI NKCOUNTER} {
gl obal SMrPUDPAgent Curr SMIPUDPAgent

$SMITPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) start
}

## Stops the TCP traffic source
proc SMIPProc4TCP { S| NKCOUNTER} {
gl obal SMIPTCPAgent Curr SMIPTCPAgent

$SMIPTCPAgent ( $Cur r SMTPTCPAgent ( $SI NKCOUNTER) ) st op
}

## Stops the UDP traffic source
proc SMIPProc4UDP { S| NKCOUNTER} {
gl obal SMIPUDPAgent Curr SMIPUDPAgent

$SMIPUDPAgent ( $Cur r SMTPUDPAgent ( $SI NKCOUNTER) ) st op
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For TCP connection that was generated

proc SMIPProc5TCP {SI NKCOUNTER nodel node2} {

gl obal ns SMIPsrc SMIPsi nk SMIPFreeTCPAgent Li st Curr SMIPTCPAgent n

gl obal SMIPFreeTCPLi st Curr SMIPTCP
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$SMIPFr eeTCPLi st I nsert $Curr SMIPTCP( $SI NKCOUNTER) $Cur r SMTPTCP( $SI NKCOUNTER)

$ns det ach-agent $n($nodel) $SMIPsr c($SI NKCOUNTER)

$ns detach-agent $n($node2) $SMIPsi nk( $SI NKCOUNTER)

$SMIPFr eeTCPAgent Li st I nsert $Curr SMIPTCPAgent ($SI NKCOUNTER)
$Cur r SMTPTCPAgent ( $SI NKCOUNTER)
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For UDP connection that was generated

proc SMIPProc5UDP { S| NKCOUNTER nodel node2} {

gl obal ns SMIPsrc SMIPsi nk SMIPFreeUDPAgent Li st Curr SMTPUDPAgent n

gl obal SMIPFreeUDPLi st Curr SMIPUDP

$SMIPFr eeUDPLi st I nsert $Cur r SMTPUDP( $SI NKCOUNTER) $Cur r SMTPUDP( $SI NKCOUNTER)

$ns det ach-agent $n($nodel) $SMIPsrc($SI NKCOUNTER)

$ns detach-agent $n($node2) $SMIPsi nk( $SI NKCOUNTER)

$SMIPFr eeUDPAgent Li st I nsert $Cur r SMTPUDPAgent ( $SI NKCOUNTER)
$Cur r SMTPUDPAgent ( $SI NKCOUNTER)
}

# Insert SMIP sessions into |ist
for {set i 1} {$i <= $M.SMIP} {incr i} {
set nodel [expr round([$rvuSource val ue])]
set SinkCount [expr round([$rveSI NKSMIP val ue])]
whil e {$SinkCount <= 0 || $SinkCount >= $NCDES} {
set SinkCount [expr round([$rveSI NKSMIP val ue])]
}

for {set k 1} {$k <= $SinkCount} {incr k} {
set node2 [expr round([$rvuSi nk val ue])]
while { $nodel == $node2 } {

set node2 [expr round([$rvuSink value])]
}

$Si nksLi st Insert $node2 $node2
}

set | AT [ $rveM ATSMIP val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATSMIP val ue]
}

set Starting_Time [expr $START_TIME + $I AT]

set Duration_Tinme [expr (pow 2.0, ["Gaussian" |og([expr $M\NB_SMIP-300])/1 og(2.0)
0g( $VAR_MNB_SMTIP) /1 0g(2.0)]) + 300) / $MR _SMIP]

set lag [expr $Starting_Tinme - $START_TI ME]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
set node2 [$SinksList NoOfFirst]

while {$node2 != 0} {
$ns at [expr $Starting_Tinme-0.5*$l ag] "SMIPProclTCP $SI NKCOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] "SMIPProc2TCP $SI NKCOUNTER $nodel $node2"
$ns at $Starting_Time "SMIPProc3TCP $SI NKCOUNTER [ expr $MR TELNET*$Dur ati on_Ti ne]"
$ns at [expr $Starting_Ti ne+$Durati on_Time] " SMIPProc4TCP $SI NKCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " SMIPProc5TCP $SI NKCOUNTER $nodel

$node2"

$Si nksLi st Del et eFi rst
set node2 [ $Si nksList NoOf First]
i ncr S| NKCOUNTER
}
} else {
set node2 [ $Si nksList NoOf First]
while {$node2 != 0} {
$ns at [expr $Starting_Tinme-0.5%*$l ag] " SMIPProclUDP $SI NKCOUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] " SMIPProc2UDP $SI NKCOUNTER $nodel $node2"
$ns at $Starting_Tinme "SMIPProc3UDP $SI NKCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me] " SMIPProc4UDP $SI NKCOUNTER'
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$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " SMIPProc5UDP $SI NKCOUNTER $nodel
$node2"

$Si nksLi st Del et eFirst
set node2 [$SinksList NoOf First]
incr S| NKCOUNTER
}
}

$SMTPLi st Insert [expr $Starting_Ti me+$Duration_Tine] 1

i ncr  SMIPCOUNTER
}

set Endi ng_Session [ $SMIPLi st Ti mef First]
set Session_No [$SMIPLi st NoOf First]
$SMTPLi st Del et eFi rst

while {$Session_No != 0} {
set nodel [expr round([$rvuSource val ue])]
set SinkCount [expr round([$rveSI NKSMIP val ue])]
while {$Si nkCount <= 0 || $SinkCount >= $NCDES} {
set SinkCount [expr round([$rveSI NKSMIP val ue])]
}

for {set k 1} {$k <= $SinkCount} {incr k} {
set node2 [expr round([$rvuSink value])]
while { $nodel == $node2 } {

set node2 [expr round([$rvuSi nk val ue])]

}
$Si nksLi st Insert $node2 $node2

}
set | AT [ $rveM ATSMIP val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATSMIP val ue]
}

set Starting_Time [expr $Endi ng_Session + $I AT]

set Duration_Tinme [expr (pow 2.0,["Gaussian" |og([expr $M\B_SMIP-300])/1 og(2.0)
| og( $VAR_MNB_SMTP) /| 0g(2. 0)]) +300) / $MR_SMIP]|

set lag [expr $Starting_Tinme - $Endi ng_Session]

if {[$rvuTCPUDP val ue] <= $PER TCP} {

set node2 [$SinksList NoOfFirst]

while {$node2 != 0} {
$ns at [expr $Starting_Tinme-0.5*$l ag] "SMIPProclTCP $SI NKCOUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] "SMIPProc2TCP $SI NKCOUNTER $nodel $node2"
$ns at $Starting_Time "SMIPProc3TCP $SI NKCOUNTER [ expr $MR TELNET*$Dur ati on_Ti ne]"
$ns at [expr $Starting_Ti ne+$Durati on_Time] " SMIPProc4TCP $SI NKCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " SMIPProc5TCP $SI NKCOUNTER $nodel

$node2"

$Si nksLi st Del et eFi r st
set node2 [ $Si nksLi st NoOf First]
i ncr S| NKCOUNTER

} else {

set node2 [ $Si nksList NoOf First]

while {$node2 != 0} {
$ns at [expr $Starting_Time-0.5%*$l ag] " SMIPProclUDP $SI NKCOUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] " SMIPProc2UDP $SI NKCOUNTER $nodel $node2"
$ns at $Starting_Tinme "SMIPProc3UDP $SI NKCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me] " SMIPProc4UDP $SI NKCOUNTER'
$ns at [expr $Starting_Ti ne+$Durati on_Ti me+$SPD] " SMIPPr oc5UDP $SI NKCOUNTER $nodel

$node2"

$Si nksLi st Del et eFirst
set node2 [$SinksList NoOfFirst]
incr S| NKCOUNTER
}
}
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if {[expr $Starting_Tine + $Duration_Time] <= $STOP_TI ME} {
set CurrCount [$SMIPLi st Count]
set P1 [expr 1.0-$CurrCount/(2.0*$M SMIP)]
set P2 0.5
if {[$rvuSession val ue] <=$P1} {$SMIPLi st Insert [expr $Starting Ti me+$Duration_Tine] 1}
if {[$rvuSession val ue] <=$P2} {$SMIPLi st Insert [expr $Starting Ti me+$Duration_Tinme] 1}
}

set Endi ng_Session [ $SMIPLi st Ti meCf First]
set Session_No [$SMIPLi st NoOf First]
$SMIPLi st Del et eFi rst

i ncr  SMIPCOUNTER
}

HHHH A
# Generating Telnet traffic...
puts "Generating Telnet traffic..."

set TELNETCOUNTER 0

# RV for generating MAT for Tel net sessions (Poisson Telnet arrivals)
set rveM ATTel net [ new RandonVari abl e/ Exponenti al ]
$rveM ATTel net set avg_ $M AT_TELNET

# RV for generating nean duration time for Tel net sessions (Poisson Tel net session)
set rveMDTTel net [new RandonVari abl e/ Exponenti al ]
$rveMDTTel net set avg_ $MDT_TELNET

set Total Tel net TCP 0
set Total Tel net UDP 0O
set Tot al Tel net TCPAgent 0
set Tot al Tel net UDPAgent 0

set CurrTel net TCP(0) O
set CurrTel net UDP(0) O
set CurrTel net TCPAgent (0) O
set Curr Tel net UDPAgent (0) O

set TelnetList [new Application/Traffic/LList]

set Tel net FreeTCPLi st [new Application/ Traffic/LList]

set Tel net FreeUDPLi st [new Application/ Traffic/LList]

set Tel net FreeTCPAgent Li st [ new Application/ Traffic/LList]
set Tel net Fr eeUDPAgent Li st [new Application/ Traffic/LList]

set Tel netsrc(0) [new Agent/TCP]
set Tel netsink(0) [new Agent/ TCPSi nk]

set Tel net TCPsrc(0) [new Agent/ TCP]

set Tel net TCPsi nk(0) [new Agent/ TCPSi nk]

set Tel net UDPsrc(0) [new Agent/ UDP]

set Tel net UDPsi nk(0) [new Agent/ UDP]

set Tel net TCPAgent (0) [new Application/FTP]

set Tel net UDPAgent (0) [new Application/ Traffic/ Pareto]

## Finds an idle agent, an idle source, and an idle sink or creates new ones
## For TCP session that is going to be generated
proc Tel net ProclTCP { TELNETCOUNTER } {
gl obal CurrTel net TCP Tel net FreeTCPLi st Tot al Tel net TCP Tel netsrc Tel net si nk Tel net TCPsr c
Tel net TCPsi nk
gl obal CurrTel net TCPAgent Tel net FreeTCPAgent Li st Tot al Tel net TCPAgent Tel net TCPAgent
gl obal MPS_TELNET MBS_TELNET MR _TELNET

set Curr Tel net TCPAgent ($TELNETCOUNTER) [ $Tel net FreeTCPAgent Li st NoOf Fi r st ]
$Tel net FreeTCPAgent Li st Del et eFi r st
if {$CurrTel net TCPAgent ($TELNETCOUNTER) == 0} {

incr Total Tel net TCPAgent

set Curr Tel net TCPAgent ($TELNETCOUNTER) $Tot al Tel net TCPAgent

set Tel net TCPAgent ($Curr Tel net TCPAgent ($TELNETCOUNTER) ) [ new Appli cati on/ FTP]
}
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set CurrTel net TCP($TELNETCOUNTER) [ $Tel net FreeTCPLi st NoOf Fi rst]
$Tel net FreeTCPLi st Del et eFi r st
i f {$CurrTel net TCP($TELNETCOUNTER) == 0} {
incr Total Tel net TCP
set CurrTel net TCP($TELNETCOUNTER) $Tot al Tel net TCP
set Tel net TCPsrc($Curr Tel net TCP( $STELNETCOUNTER) ) [ new Agent/ TCP]
set Tel net TCPsi nk( $Curr Tel net TCP( $TELNETCOUNTER) ) [ new Agent/ TCPSi nk]

}
set Tel netsrc($TELNETCOUNTER) $Tel net TCPsrc($Curr Tel net TCP( $TELNETCOUNTER) )
set Tel net si nk($TELNETCOUNTER) $Tel net TCPsi nk( $Cur r Tel net TCP( $TELNETCOUNTER) )

$Tel net src( $TELNETCOUNTER) set packet Size_ $MPS_TELNET
$Tel net src($TELNETCOUNTER) set naxburst_ [ expr

round( $MBS_TELNET* $MR_TELNET/ $MPS_TELNET) ]

## Mean idle time is ignored for TCP Tel net sessions...

}

## Finds an idle agent, an idle source, and an idle sink or creating new ones
## For UDP session that is going to be generated
proc Tel net Proc1UDP { TELNETCOUNTER} {
gl obal CurrTel net UDP Tel net FreeUDPLi st Tot al Tel net UDP Tel net UDPsrc Tel net UDPsi nk
Tel netsrc Tel netsink
gl obal CurrTel net UDPAgent Tel net Fr eeUDPAgent Li st Tot al Tel net UDPAgent Tel net UDPAgent
gl obal MPS_TELNET MBS _TELNET M T_TELNET MR _TELNET

set Curr Tel net UDPAgent ($TELNETCOUNTER) [ $Tel net Fr eeUDPAgent Li st NoOf Fi r st ]

$Tel net FreeUDPAgent Li st Del et eFi r st

if {$CurrTel net UDPAgent ($TELNETCOUNTER) == 0} {
incr Total Tel net UDPAgent
set Curr Tel net UDPAgent ($TELNETCOUNTER) $Tot al Tel net UDPAgent
set Tel net UDPAgent ( $Curr Tel net UDPAgent ( $TELNETCOUNTER) ) [ new

Application/ Traffic/ Pareto]

$Tel net UDPAgent ( $Curr Tel net UDPAgent ($TELNETCOUNTER) ) set packet_size_ $MPS _TELNET
$Tel net UDPAgent ($Cur r Tel net UDPAgent ($TELNETCOUNTER)) set burst_size_ $MBS_TELNET
$Tel net UDPAgent ($Cur r Tel net UDPAgent ($TELNETCOUNTER)) set idle_tine_ $M T_TELNET
$Tel net UDPAgent ( $Cur r Tel net UDPAgent (STELNETCOUNTER)) set rate_ $MR TELNET
$Tel net UDPAgent ( $Curr Tel net UDPAgent ($TELNETCOUNTER) ) set shape_ 1.5

}

set CurrTel net UDP( $STELNETCOUNTER) [ $Tel net FreeUDPLi st NoCOf Fi rst]
$Tel net FreeUDPLi st Del et eFi r st
i f {$CurrTel net UDP( $TELNETCOUNTER) == 0} {
incr Total Tel net UDP
set CurrTel net UDP( $STELNETCOUNTER) $Tot al Tel net UDP
set Tel net UDPsr c($Curr Tel net UDP($TELNETCOUNTER) ) [ new Agent/ UDP]
set Tel net UDPsi nk( $Curr Tel net UDP( $TELNETCOUNTER) ) [ new Agent/ UDP]

}
set Tel netsrc($TELNETCOUNTER) $Tel net UDPsr c($Curr Tel net UDP( $TELNETCOUNTER) )
set Tel netsi nk($TELNETCOUNTER) $Tel net UDPsi nk( $Cur r Tel net UDP( $TELNETCOUNTER) )

}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc Tel net Proc2TCP { TELNETCOUNTER nodel node2} {

gl obal Tel netsrc Tel netsink ns Tel net TCPAgent Curr Tel net TCPAgent n

$ns attach-agent $n($nodel) $Tel net src(STELNETCOUNTER)
$ns attach-agent $n($node2) $Tel net si nk( STELNETCOUNTER)
$ns connect $Tel net src($STELNETCOUNTER) $Tel net si nk( $STELNETCOUNTER)
$Tel net TCPAgent ($Cur r Tel net TCPAgent ($TELNETCOUNTER)) att ach- agent
$Tel net sr c( $TELNETCOUNTER)
}

## Sets up the connection between previously identified source & destination
## For UDP session that is going to be generated
proc Tel net Proc2UDP { TELNETCOUNTER nodel node2} {

gl obal Tel netsrc Tel netsink ns Tel net UDPAgent Curr Tel net UDPAgent n

$ns attach-agent $n($nodel) $Tel net src(STELNETCOUNTER)
$ns attach-agent $n($node2) $Tel net si nk( $STELNETCOUNTER)
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$ns connect $Tel net src($TELNETCOUNTER) $Tel net si nk( $STELNETCOUNTER)
$Tel net UDPAgent ( $Cur r Tel net UDPAgent ($TELNETCOUNTER) ) att ach- agent
$Tel net sr c( STELNETCOUNTER)

}

## Starts the TCP traffic source
proc Tel net Proc3TCP { TELNETCOUNTER Byt esToSend} {
gl obal Tel netsrc

$Tel net src($TELNETCOUNTER) send $Byt esToSend
}

## Starts the UDP traffic source
proc Tel net Proc3UDP { TELNETCOUNTER} {
gl obal Tel net UDPAgent Curr Tel net UDPAgent

$Tel net UDPAgent ( $Cur r Tel net UDPAgent ( STELNETCOUNTER) ) start
}

## Starts the TCP traffic source
proc Tel net Proc4TCP { TELNETCOUNTER} {
gl obal Tel net TCPAgent Curr Tel net TCPAgent

$Tel net TCPAgent ($Cur r Tel net TCPAgent ($TELNETCOUNTER) ) st op
}

## Starts the UDP traffic source
proc Tel net Proc4UDP { TELNETCOUNTER} {
gl obal Tel net UDPAgent Curr Tel net UDPAgent

$Tel net UDPAgent ($Cur r Tel net UDPAgent ($TELNETCOUNTER) ) st op
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations
## For TCP connection that was generated
proc Tel net Proc5TCP { TELNETCOUNTER nodel node2} {
gl obal ns Tel netsrc Tel netsink Tel net FreeTCPAgent Li st Curr Tel net TCPAgent n
gl obal Tel net FreeTCPLi st Curr Tel net TCP

$Tel net FreeTCPLi st I nsert $CurrTel net TCP( $STELNETCOUNTER) $Curr Tel net TCP( $TELNETCOUNTER)

$ns detach-agent $n($nodel) $Tel net src($STELNETCOUNTER)

$ns detach-agent $n($node2) $Tel net si nk( STELNETCOUNTER)

$Tel net FreeTCPAgent Li st I nsert $Curr Tel net TCPAgent ($TELNETCOUNTER)
$Cur r Tel net TCPAgent ( $STELNETCOUNTER)
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations
## For UDP connection that was generated
proc Tel net Proc5UDP { TELNETCOUNTER nodel node2} {
gl obal ns Tel netsrc Tel netsink Tel net Fr eeUDPAgent Li st Curr Tel net UDPAgent n
gl obal Tel net FreeUDPLi st Curr Tel net UDP

$Tel net FreeUDPLi st I nsert $Curr Tel net UDP($TELNETCOUNTER) $Curr Tel net UDP( $TELNETCOUNTER)

$ns detach-agent $n($nodel) $Tel net src(STELNETCOUNTER)

$ns detach-agent $n($node2) $Tel net si nk( STELNETCOUNTER)

$Tel net FreeUDPAgent Li st I nsert $Curr Tel net UDPAgent ( $TELNETCOUNTER)
$Curr Tel net UDPAgent ( STELNETCOUNTER)
}

# Insert Telnet sessions into |list

for {set i 1} {$i <= $M TELNET} {incr i} {
set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSi nk val ue])]
while { $nodel == $node2 } {
set node2 [expr round([$rvuSink value])]

}
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set | AT [$rveM ATTel net val ue]
while {$| AT < 4.0*$SPD} {

set | AT [$rveM ATTel net val ue]
}

set Starting_Time [expr $START_TI ME + $I AT]

set Duration_Tinme [expr powm 2.0, ["Gaussian" |og($MDT_TELNET) /I og(2.0)
| 0g($VAR _TELNET) /1 0g(2.0)])]

set lag [expr $Starting_Time - $START_TI ME]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Tinme-0.5*$l ag] "Tel net ProclTCP $TELNETCOUNTER'
$ns at [expr $Starting_Tinme-0.25*$l ag] "Tel net Proc2TCP $TELNETCOUNTER $nodel $node2"
$ns at $Starting_Time "Tel net Proc3TCP $TELNETCOUNTER [ expr $MR_TELNET*$Durati on_Ti nme] "
$ns at [expr $Starting_Ti me+$Duration_Tinme] "Tel net Proc4TCP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " Tel net Proc5TCP $TELNETCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tine-0.5*$l ag] "Tel net Procl1UDP $TELNETCOUNTER'
$ns at [expr $Starting_Tinme-0.25*$l ag] "Tel net Proc2UDP $TELNETCOUNTER $nodel $node2"
$ns at $Starting_Tinme "Tel net Proc3UDP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Duration_Tinme] "Tel net Proc4UDP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti ne+$SPD] " Tel net Proc5UDP $TELNETCOUNTER $nodel
$node2”

}

$Tel netLi st Insert [expr $Starting_Ti ne+$Duration_Tinme] 1

i ncr TELNETCOUNTER
}

set Ending_Session [$Tel netList TimeO First]
set Session_No [$Tel netList NoOf First]
$Tel net Li st Del et eFirst

while {$Session_No != 0} {

set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSi nk val ue])]
whil e {$nodel == $node2} {

set node2 [expr round([$rvuSink value])]

}

set | AT [$rveM ATTel net val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATTel net val ue]
}

set Starting_Time [expr $Endi ng_Sessi on+$l AT]

set Duration_Tinme [expr powm 2.0, ["Gaussian" |og($MDT_TELNET) /I og(2.0)
| 0g($VAR TELNET) /1 0g(2.0)])]

set lag [expr $Starting_Tinme - $Endi ng_Session]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Tinme-0.5*$l ag] "Tel net ProclTCP $TELNETCOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] "Tel net Proc2TCP $TELNETCOUNTER $nodel $node2"
$ns at $Starting_Tinme "Tel net Proc3TCP $TELNETCOUNTER [ expr $MR_TELNET*$Durati on_Ti nme] "
$ns at [expr $Starting_Ti me+$Durati on_Tinme] "Tel net Proc4TCP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " Tel net Proc5TCP $TELNETCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tine-0.5*$l ag] "Tel net Proc1UDP $TELNETCOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] "Tel net Proc2UDP $TELNETCOUNTER $nodel $node2"
$ns at $Starting_Tinme "Tel net Proc3UDP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Time] "Tel net Proc4UDP $TELNETCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti ne+$SPD] " Tel net Proc5UDP $TELNETCOUNTER $nodel
$node2"
}

if {[expr $Starting_Tine + $Duration_Tinme] <= $STOP_TI ME} {
set CurrCount [$Tel netList Count]
set P1 [expr 1.0-$CurrCount/(2.0*$M TELNET)]
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set P2 0.5
if {[$rvuSession val ue] <=$P1} {$Tel netList Insert [expr $Starting_Ti me+$Durati on_Ti ne]
1}
if {[$rvuSession val ue] <=$P2} {$Tel netList Insert [expr $Starting_Ti me+$Duration_Ti ne]
1}
}

set Ending_Session [$Tel netList TimeO First]
set Session_No [$Tel netList NoOfFirst]
$Tel net Li st Del et eFi r st

i ncr  TELNETCOUNTER
}

# Generating WWtraffic...
puts "Generating WWtraffic..."

set WANCOUNTER O

# RV for generating M AT for WWVsessions (Poi sson WW arrival s)
set rveM ATWAW [ new RandonVari abl e/ Exponenti al ]
$rveM ATWWV set avg_ $M AT_WWV

# RV for generating nean duration tinme for WW sessions (Poi sson WAV sessi on)
set rveMDTWMWV [ new RandonVari abl e/ Exponenti al ]
$rveNDTWAW set avg_ SMDT_WAWWV

set Total WNWMCP 0O
set Tot al WNAWUDP O
set Tot al WNATCPAgent O
set Tot al WNAUDPAgent O

set Curr WWATCP(0) O
set Curr WWAUDP(0) O
set Curr WNATCPAgent (0) O
set Curr WNWAUDPAgent (0) O

set WWALi st [new Application/Traffic/LList]

set WNAFreeTCPLi st [new Application/ Traffic/LList]

set WNAFreeUDPLi st [new Application/ Traffic/LList]

set WNAFreeTCPAgent Li st [new Application/Traffic/LList]
set WNWAFr eeUDPAgent Li st [new Application/Traffic/LList]

set WAWArc(0) [new Agent/ TCP]
set WWAi nk(0) [new Agent/ TCPSi nk]

set WNWMCPsrc(0) [new Agent/ TCP]

set WNMCPsi nk(0) [ new Agent/ TCPSi nk]

set WANAUDPsrc(0) [new Agent/ UDP]

set WAAUDPsi nk(0) [ new Agent/ UDP]

set WNWAMTCPAgent (0) [ new Application/ FTP]

set WWAMUDPAgent (0) [new Application/ Traffic/ SupFRP]

## Finds an idle agent, an idle source, and an idle sink or creates new ones

## For TCP session that is going to be generated

proc WANAProclTCP { WMWACOUNTER } {

gl obal Curr WNATCP WNAFr eeTCPLi st Tot al WNAMTCP WAMsr ¢ WA nk WNMCPsr ¢ WNATCPsi nk
gl obal Curr WNATCPAgent WNAFr eeTCPAgent Li st Tot al WWMCPAgent WNAMTCPAgent

gl obal MPS_WAWV

set Curr WNATCPAgent ( SWAAMCOUNTER) [ $WAAFr eeTCPAgent Li st NoOf Fi rst]
SWNNFr eeTCPAgent Li st Del et eFi r st
i f {$Curr WWWTCPAgent ($WANCOUNTER) == 0} {

i ncr Tot al WNATCPAgent

set Curr WNATCPAgent ( SWWACOUNTER) $Tot al WWATCPAgent

set WNATCPAgent ( $Cur r WNATCPAgent ( SWANCOUNTER) ) [ new Appl i cati on/ FTP]
}

set  Cur r WAATCP( SWAAMCOUNTER) [ $WNAFr eeTCPLI st NoOf Fi rst ]
SWANFr eeTCPLI st Del et eFi r st



i f {$Curr WNATCP( SVWWACOUNTER) == 0} {

incr Total WNATCP

set Cur r WNMCP( SWNMCOUNTER)  $Tot al WNATCP

set WANATCPsr c( $Cur r WAANT CP( SWAAMCOUNTER) ) [ new Agent/ TCP]

set WANATCPsi nk( $Cur r WAANT CP( SWAMCOUNTER) ) [ new Agent/ TCPSi nk]
}

set WAWAST c( SVWWWACOUNTER) $WWNATCPsr ¢ ( $Cur r VWWATCP( SVWWWACOUNTER) )
set WAWASI nk( SWWACOUNTER) $WNMCPsi nk( $Cur r VWNAT CP( SWANCOUNTER) )

SWT c( SWWWMCOUNTER) set packet Si ze_ $MPS_WW
}

## Finds an idle agent, an idle source, and an idle sink or creating new ones

## For UDP session that is going to be generated

proc WNAPr oc1UDP { WNWACOUNTER} {

gl obal Curr WNAUDP WNAFr eeUDPLI st Tot al WAAUDP WAANUDPsr ¢ WWALDPsi nk WS ¢ WAAST nk
gl obal Curr WNAUDPAgent WNAFr eeUDPAgent Li st Tot al WNWAUDPAgent WAAUDPAgent

gl obal MPS_WWV MBS WAV M T_VWAWV NR_VWAW

set Curr WNWAUDPAgent ( SWAAMCOUNTER) [ $WAAFr eeUDPAgent Li st NoOf Fi rst]

SWNAFr eeUDPAgent Li st Del et eFi r st

i f {$Cur r WWWUDPAgent ($WANCOUNTER) == 0} {
i ncr Tot al WNAUDPAgent
set Curr WWNUDPAgent ( SWANACOUNTER) $Tot al WAWAUDPAgent
set WAWAUDPAgent ( $Cur r WANNUDPAgent ( SWAACOUNTER) ) [ new Appl i cation/ Traffi c/ SupFRP]
SWAWNUDPAgent ( $Cur r WAWAUDPAgent ( SWWACOUNTER) ) set packet _si ze_ $MPS_WWV
SWAWNUDPAgent ( $Cur r WWAUDPAgent ($WWACOUNTER) ) set rate_ $MR_WWV
SWWAUDPAgent ( $Cur r WWAUDPAgent ( SWWACOUNTER) ) set hurst _ 0. 92

}

set Cur r WNYAUDP( $SWWACOUNTER) [ $VWWAFr eeUDPLi st NoOf Fi r st ]
SWNAFr eeUDPLI st Del et eFi r st
i f {$Curr WWAUDP( SWWWACOUNTER) == 0} {
i ncr Tot al WWYAUDP
set Cur r WNAUDP( SWNACOUNTER)  $Tot al WANAUDP
set WANAUDPsr c( $Cur r WNAUDP( $WWACOUNTER) ) [ new Agent / UDP]
set WANAUDPsi nk( $Cur r WANUDP( SWAWACOUNTER) ) [ new Agent / UDP]

}
set VWWEr c( SWWACOUNTER) $WANUDPsT ¢ ( $Cur r VWWAUDP( $WANCOUNTER) )
set VWi nk( SVWWACOUNTER) $VWWAUDPsi nk( $Cur r WANUDP( SVWWACOUNTER) )

}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc WNAProc2TCP { WWACOUNTER nodel node2} {

gl obal WAMrc WWAI nk ns WNATCPAgent Curr WNMCPAgent n

$ns attach-agent $n($nodel) SWW6r c( SVWWACOUNTER)

$ns attach-agent $n($node2) SWWEi nk( SVWWACOUNTER)

$ns connect $WWAST c( SWWACOUNTER) $WWAST nk ( SVWWWACOUNTER)
SWAATCPAgent ( $Cur r WNATCPAgent ( SWWACOUNTER) ) att ach- agent $WWASr ¢ ( SWWACOUNTER)

}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc WNAProc2TCP { WWMACOUNTER nodel node2} {

gl obal WNMérc Wi nk ns WNWATCPAgent Cur r WNMCPAgent n

$ns attach-agent $n($nodel) $SWWAEr c( SVWANCOUNTER)

$ns attach-agent $n($node2) SWWEi nk( SVWWACOUNTER)

$ns connect $WNASr c( SWAWACOUNTER) $WANSI nk ( SVWWACOUNTER)
SWAATCPAgent ( $Cur r WNATCPAgent ( SWWACOUNTER) ) att ach- agent $WWASr ¢ ( SWWACOUNTER)

}

## Sets up the connection between previously identified source & destination
## For UDP session that is going to be generated

proc WNAProc2UDP { WWACOUNTER nodel node2} {

gl obal WNérc Wi nk ns WWAUDPAgent Cur r WNAUDPAgent n

$ns attach-agent $n($nodel) $SWWAEr c( SVWANCOUNTER)
$ns attach-agent $n($node2) SWNWSi nk( SVWANCOUNTER)
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$ns connect $WWAST c( SWWACOUNTER) $WWAST nk ( SVWWWACOUNTER)
SWAINUDPAgent ( $Cur r WWAUDPAgent ( SWWACOUNTER) ) at t ach- agent  $WAAr ¢ ( $VWWACOUNTER)

}

## Starts the TCP traffic source
proc WNAProc3TCP { WMACOUNTER Byt esToSend} {
gl obal WNérc

SWANET ¢ ( SWAWACOUNTER) send $Byt esToSend

## Starts the UDP traffic source
proc WNAPr oc3UDP { WWACOUNTER} {
gl obal WNAWUDPAgent Cur r WNAUDPAgent

SWANUDPAgent ( $Cur r WAWANUDPAgent ( SWWACOUNTER) ) st art
}

## Starts the TCP traffic source
proc WNAProc4TCP { WNACOUNTER} {
gl obal WANMCPAgent Curr WNATCPAgent

SWNNTCPAgent ( $Cur r WNATCPAgent ( $WWACOUNTER) ) st op
}

## Starts the UDP traffic source
proc WNAPr oc4UDP { WNWACOUNTER}  {
gl obal WNAUDPAgent Cur r WNAUDPAgent

SWANUDPAgent ( $Cur r WAANUDPAgent ( SWWACOUNTER) ) st op
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For TCP connection that was generated

proc WNAPr oc5TCP { WWMACOUNTER nodel node2} {

gl obal ns WWAsrc WNAsi nk WNAFr eeTCPAgent Li st Curr WWATCPAgent n

gl obal WWAAFreeTCPLi st Cur r WNATCP

SWNNFr eeTCPLI st I nsert $Cur r WANTCP( SWANCOUNTER)  $Cur r AT CP( $WWNACOUNTER)

$ns detach-agent $n($nodel) $SWWASr c( SVWANCOUNTER)

$ns det ach-agent $n($node2) SWWEi nk( SVWWACOUNTER)

SWNNFr eeTCPAgent Li st I nsert $Cur r WWATCPAgent ( SWWACOUNTER)  $Cur r WAATCPAgent ( $WWACOUNTER)
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For UDP connection that was generated

proc WANAPr oc5UDP { WWACOUNTER nodel node2} {

gl obal ns WWArc WAAsi nk WNAFr eeUDPAgent Li st Cur r WNAUDPAgent n

gl obal WWNAFr eeUDPLi st Cur r WAAUDP

SWANFr eeUDPLi st I nsert $Cur r WANUDP( SWANCOUNTER)  $Cur r WWAUDP( $WNACOUNTER)

$ns detach-agent $n($nodel) SWAWSr c( SWWACOUNTER)

$ns det ach-agent $n($node2) $SWWI nk( $VWANCOUNTER)

SWAWNFr eeUDPAgent Li st | nsert $Cur r WNAUDPAgent ( SWWACOUNTER)  $Cur r WAAUDPAgent ( SWWWACOUNTER)
}

# Insert WMWVsessions into |ist
for {set i 1} {$i <= $SMWWY {incr i} {
set nodel [expr round([$rvuSource value])]
set node2 [expr round([$rvuSink value])]
while { $nodel == $node2 } {

set node2 [expr round([$rvuSi nk val ue])]

}
set | AT [ $rveM ATWAW val ue]

while {$| AT < 4.0*$SPD} {
set | AT [ $rveM ATWAWV val ue]
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}

set Starting_Time [expr $START_TI ME + $I AT]
set Duration_Time [expr [$rveMDTWAW val ue]]
set lag [expr $Starting_Time - $START_TI ME]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Tine-0.5*$lag] "WNWWProclTCP $WNWACOUNTER'
$ns at [expr $Starting_Tinme-0.25*$l ag] " WWAProc2TCP $WNWACOUNTER $nodel $node2"
$ns at $Starting_Time "WWWProc3TCP $WNWACOUNTER [ expr
((1000. 0*$VR_ WY / 8. 0) *$Dur at i on_Ti me] "
$ns at [expr $Starting_Ti me+$Duration_Ti me] "WWAProc4TCP $WWACOUNTER'
$ns at [expr $Starting_Ti me+$Duration_Ti me+$SPD] " WANNPr oc5TCP $WAWNCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tinme-0.5*$l ag] "WNW\ProclUDP $WNWACOUNTER'
$ns at [expr $Starting_Tinme-0.25*$l ag] " WWAProc2UDP $WNWACOUNTER $nodel $node2"
$ns at $Starting_Time "VWWAProc3UDP $WNWACOUNTER"
$ns at [expr $Starting_Ti ne+$Durati on_Ti me] "WNWAProc4UDP $WNWACOUNTER'
$ns at [expr $Starting_Ti me+$Duration_Ti me+$SPD] " WANAPr oc5UDP $WAWNCOUNTER $nodel
$node2"
}

SWWALi st Insert [expr $Starting_Time+$Duration_Tinme] 1

i ncr VWWACOUNTER
}

set Endi ng_Session [ $WNW\Li st Ti meOf First]
set Session_No [$WWALi st NoOf First]
SWNALI st Del et eFi r st

while {$Session_No != 0} {

set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSink value])]
whil e {$nodel == $node2} {

set node2 [expr round([$rvuSi nk val ue])]

}

set | AT [ $rveM ATWAW val ue]
while {$I AT < 4.0*$SPD} {

set | AT [ $rveM ATWAWV val ue]
}

set Starting_Time [expr $Endi ng_Sessi on+$l AT]
set Duration_Time [expr [$rveMDTWAV val ue]]
set lag [expr $Starting Time - $Endi ng_Sessi on]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Time-0.5*$l ag] " WNW\ProclTCP $WWACOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] " WWAProc2TCP $WNWACOUNTER $nodel $node2"
$ns at $Starting_Tinme "WNWWProc3TCP $WNWACOUNTER [ expr
((1000. 0*$VR_ WY / 8. 0) *$Dur at i on_Ti me] "
$ns at [expr $Starting_Ti me+$Durati on_Ti me] "WWAProc4TCP $WNWACOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " WANAPr oc5TCP $WWAMCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Time-0.5*$l ag] " WW\ProclUDP $WWACOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] " WNWAProc2UDP $WNWACOUNTER $nodel $node2"
$ns at $Starting_Time "VWWAProc3UDP $WWACOUNTER!
$ns at [expr $Starting_Ti ne+$Duration_Ti me] "WNWAProc4UDP $WNWACOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " WANAPr oc5UDP $WWACOUNTER $nodel
$node2"
}

if {[expr $Starting_Time + $Duration_Tinme] <= $STOP_TI Mg} {
set CurrCount [$WWALi st Count]
set P1 [expr 1.0-$CurrCount/(2.0*$M WW ]
set P2 0.5
if {[$rvuSession val ue] <=$P1} {$WNALi st Insert [expr $Starting_Ti me+$Durati on_Ti me]
if {[$rvuSession val ue] <=$P2} {$WNALi st Insert [expr $Starting_Ti me+$Durati on_Ti me]

1}
1}
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}

set Endi ng_Session [ $WW\Li st Ti meCf First]
set Session_No [$WWALi st NoOf First]
SWNALI st Del et eFi rst

i ncr WWACOUNTER
}

puts "Generating X11 traffic..."

set X11COUNTER O

# RV for generating MAT for X11 sessions (Poisson X11 arrivals)
set rveM ATX11 [ new RandonVari abl e/ Exponenti al ]
$rveM ATX11 set avg_ $M AT _X11

# RV for generating nean duration tinme for X11 sessions (Poisson X11 session)
set rveMDTX11 [ new RandonVari abl e/ Exponenti al ]
$rveMDTX11 set avg_ $MDT_X11

set Total X11TCP 0O
set Total X11UDP 0O
set Total X11TCPAgent O
set Tot al X11UDPAgent O

set CurrX11TCP(0) O
set CurrX11UDP(0) O
set Curr X11TCPAgent (0) O
set Curr X11UDPAgent (0) O

set X11List [new Application/Traffic/LList]

set X11FreeTCPLi st [new Application/ Traffic/LList]

set X11FreeUDPLi st [new Application/ Traffic/LList]

set X11FreeTCPAgentLi st [new Application/Traffic/LList]
set X11FreeUDPAgent Li st [new Application/Traffic/LList]

set Xl1lsrc(0) [new Agent/ TCP]
set X11sink(0) [new Agent/ TCPSi nk]

set X11TCPsrc(0) [new Agent/ TCP]

set X11TCPsi nk(0) [new Agent/ TCPSi nk]

set X11UDPsrc(0) [new Agent/ UDP]

set X11UDPsi nk(0) [new Agent/ UDP]

set X11TCPAgent (0) [new Application/ FTP]

set X11UDPAgent (0) [new Application/ Traffic/ SupFRP]

## Finds an idle agent, an idle source, and an idle sink or creates new ones

## For TCP session that is going to be generated

proc X11ProclTCP { X11COUNTER } {

gl obal CurrX11TCP X11FreeTCPLi st Total X11TCP Xllsrc X11sink X11TCPsrc X11TCPsi nk
gl obal Curr X11TCPAgent X11FreeTCPAgent Li st Total X11TCPAgent X11TCPAgent

gl obal MPS_X11

set Curr X11TCPAgent ($X11COUNTER) [ $X11Fr eeTCPAgent Li st NoOf First]
$X11Fr eeTCPAgent Li st Del et eFi r st
if {$CurrX11TCPAgent ($X11COUNTER) == 0} {

incr Total X11TCPAgent

set Curr X11TCPAgent ($X11COUNTER) $Tot al X11TCPAgent

set X11TCPAgent ($Curr X11TCPAgent ($X11COUNTER)) [ new Application/ FTP]
}

set Curr X11TCP($X11COUNTER) [ $X11FreeTCPLi st NoOf First]
$X11Fr eeTCPLi st Del et eFi r st

i f {$CurrX11TCP($X11COUNTER) == 0} {

incr Total X11TCP

set CurrX11TCP( $X11COUNTER) $Tot al X11TCP

set X11TCPsrc($Curr X11TCP( $X11COUNTER)) [ new Agent/ TCP]

set X11TCPsi nk($Curr X11TCP( $X11COUNTER)) [ new Agent/ TCPSi nk]



}
set X1lsrc($X11COUNTER) $X11TCPsrc($Curr X11TCP( $X11COUNTER))
set X11si nk($X11COUNTER) $X11TCPsi nk($CurrX11TCP($X11COUNTER))

$X11src( $X11COUNTER) set packetSize_ $MPS_X11
}

## Finds an idle agent, an idle source, and an idle sink or creating new ones

## For UDP session that is going to be generated

proc X11ProclUDP { X11COUNTER} {

gl obal CurrX11UDP X11FreeUDPLi st Total X11UDP X11UDPsrc X11UDPsi nk X11src X11si nk
gl obal Curr X11UDPAgent X11FreeUDPAgent Li st Tot al X11UDPAgent X11UDPAgent

gl obal MPS_X11 MBS _X11 M T_X11 MR _X11

set Curr X11UDPAgent ($X11COUNTER) [ $X11Fr eeUDPAgent Li st NoOf Fi rst]

$X11Fr eeUDPAgent Li st Del et eFi r st

i f {$CurrX11UDPAgent ($X11COUNTER) == 0} {
incr Total X11UDPAgent
set Curr X11UDPAgent ( $X11COUNTER) $Tot al X11UDPAgent
set X11UDPAgent ( $Curr X11UDPAgent ( $X11COUNTER)) [new Appli cati on/ Traffi c/ SupFRP]
$X11UDPAgent ( $Cur r X11UDPAgent ( $X11COUNTER) ) set packet_size_ $MPS_X11
$X11UDPAgent ( $Cur r X11UDPAgent ($X11COUNTER)) set rate_ $MR X11
$X11UDPAgent ( $Cur r X11UDPAgent ($X11COUNTER) ) set hurst_ 0.92

}

set Curr X11UDP( $X11COUNTER) [ $X11FreeUDPLi st NoCf First]
$X11FreeUDPLi st Del et eFi r st
i f {$CurrX11UDP($X11COUNTER) == 0} {
incr Total X11UDP
set Curr X11UDP( $X11COUNTER) $Tot al X11UDP
set X11UDPsrc($Curr X11UDP($X11COUNTER)) [ new Agent/ UDP]
set X11UDPsi nk($Curr X11UDP($X11COUNTER)) [ new Agent/ UDP]

}
set X11src($X11COUNTER) $X11UDPsr c($Cur r X11UDP( $X11COUNTER))
set X11si nk($X11COUNTER) $X11UDPsi nk($Cur r X11UDP( $X11COUNTER))

}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc X11Proc2TCP { X11COUNTER nodel node2} ({

gl obal Xllsrc X11sink ns X11TCPAgent CurrX11TCPAgent n

$ns attach-agent $n($nodel) $X1llsrc($X11COUNTER)

$ns attach-agent $n($node2) $X11lsi nk($X11COUNTER)

$ns connect $X11src($X11COUNTER) $X11si nk( $X11COUNTER)
$X11TCPAgent ($Curr X11TCPAgent ($X11COUNTER) ) attach-agent $X11src($X11COUNTER)

}

## Sets up the connection between previously identified source & destination
## For UDP session that is going to be generated

proc X11Proc2UDP { X11COUNTER nodel node2} {

gl obal Xllsrc X11sink ns X11UDPAgent CurrX11UDPAgent n

$ns attach-agent $n($nodel) $X1lsrc($X11COUNTER)

$ns attach-agent $n($node2) $X1isi nk($X11COUNTER)

$ns connect $X11src($X11COUNTER) $X11si nk( $X1L1COUNTER)

$X11UDPAgent ( $Cur r X11UDPAgent ($X11COUNTER) ) attach-agent $X11lsrc($X11COUNTER)

}

## Starts the TCP traffic source
proc X11Proc3TCP { X11COUNTER Byt esToSend} {
gl obal Xllsrc

$X11src($XL1COUNTER) send $Byt esToSend
}

## Starts the UDP traffic source
proc X11Proc3UDP { X11COUNTER} {
gl obal X11UDPAgent Curr X11UDPAgent

$X11UDPAgent ( $Cur r X11UDPAgent ( $X11COUNTER)) start
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}

## Starts the TCP traffic source
proc X11Proc4TCP { X11COUNTER} {
gl obal X11TCPAgent CurrX11TCPAgent

$X11TCPAgent ( $Cur r X11TCPAgent ($X11COUNTER)) stop
}

## Starts the UDP traffic source
proc X11Proc4UDP { X11COUNTER} {
gl obal X11UDPAgent Curr X11UDPAgent

$X11UDPAgent ( $Cur r X11UDPAgent ( $X11COUNTER) ) st op
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For TCP connection that was generated

proc X11Proc5TCP { X11COUNTER nodel node2} {

gl obal ns Xllisrc Xl1sink X11FreeTCPAgentLi st Curr X11TCPAgent n

gl obal X11FreeTCPLi st Curr X11TCP

$X11FreeTCPLi st Insert $CurrX11TCP($X11COUNTER) $Curr X11TCP($X11COUNTER)

$ns detach-agent $n($nodel) $X1lsrc($X11COUNTER)
$ns det ach-agent $n($node2) $X11si nk($X1L1COUNTER)
$X11FreeTCPAgent Li st Insert $CurrX11TCPAgent ($X11COUNTER) $Curr X11TCPAgent ( $X11COUNTER)

}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For UDP connection that was generated

proc X11Proc5UDP { X11COUNTER nodel node2} {

gl obal ns Xllsrc Xl1sink X11FreeUDPAgentLi st Curr X11UDPAgent n

gl obal X11FreeUDPLi st Curr X11UDP

$X11FreeUDPLi st Insert $CurrX11UDP($X11COUNTER) $Curr X11UDP($X11COUNTER)

$ns detach-agent $n($nodel) $X1llsrc($X1L1COUNTER)

$ns det ach-agent $n($node2) $X1isi nk($X11COUNTER)

$X11Fr eeUDPAgent Li st I nsert $Curr X11UDPAgent ( $X11COUNTER) $Curr X11UDPAgent ( $X11COUNTER)
}

# Insert X11 sessions into |ist
for {set i 1} {$i <= $M X11} {incr i} {
set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSink value])]
while { $nodel == $node2 } {
set node2 [expr round([$rvuSi nk val ue])]

}

set | AT [$rveM ATX11 val ue]
while {$I AT < 4.0*$SPD} {

set | AT [ $rveM ATX11 val ue]
}

set Starting_Time [expr $START_TIME + $I AT]
set Duration_Time [expr [$rveMDTX11l val ue]]
set lag [expr $Starting_Tinme - $START_TI ME]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Tinme-0.5*$l ag] "X11ProclTCP $X11COUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] "X11Proc2TCP $X11COUNTER $nodel $node2"
$ns at $Starting Time "XL1Proc3TCP $X11COUNTER [ expr
((1000. 0*$MR X11) /8. 0) *$Dur at i on_Ti me] "
$ns at [expr $Starting_Ti me+$Durati on_Tinme] "X11Proc4TCP $X11COUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " X11Proc5TCP $X11COUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tinme-0.5*$lag] "X11ProclUDP $X11COUNTER'
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$ns at [expr $Starting_Tinme-0.25*$l ag] "X11Proc2UDP $X11COUNTER $nodel $node2"
$ns at $Starting_Time "XL1Proc3UDP $X11COUNTER'
$ns at [expr $Starting_Ti ne+$Durati on_Time] "X11Proc4UDP $X11COUNTER'
$ns at [expr $Starting_Ti me+$Duration_Ti me+$SPD] " X11Proc5UDP $X11COUNTER $nodel
$node2"
}

$X11List Insert [expr $Starting_Time+$Duration_Time] 1

i ncr X11COUNTER
}

set Endi ng_Session [$X11List TimeO First]
set Session_No [$X11List NoOf First]
$X11Li st Del et eFi rst

while {$Session_No != 0} {

set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSink value])]
whil e {$nodel == $node2} {

set node2 [expr round([$rvuSink value])]

}

set | AT [$rveM ATX11 val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATX11 val ue]
}

set Starting_Time [expr $Endi ng_Sessi on+$l AT]
set Duration_Time [expr [$rveMDTX11l val ue]]
set lag [expr $Starting Time - $Endi ng_Sessi on]

if {[$rvuTCPUDP val ue] <= $PER TCP} {

$ns at [expr $Starting_Tinme-0.5*$lag] "X11ProclTCP $X11COUNTER'

$ns at [expr $Starting_Tinme-0.25*$l ag] "X11Proc2TCP $X11COUNTER $nodel $node2"

$ns at $Starting _Time "XL1Proc3TCP $X11COUNTER [ expr
((1000. 0*$MR X11) /8. 0) *$Dur at i on_Ti me] "

$ns at [expr $Starting_Ti me+$Durati on_Tinme] "X11Proc4TCP $X11COUNTER'

$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " X11Proc5TCP $X11COUNTER $nodel
$node2"

} else {

$ns at [expr $Starting_Tinme-0.5*$l ag] "X11ProclUDP $X11COUNTER'

$ns at [expr $Starting_Tine-0.25*$l ag] "X11Proc2UDP $X11COUNTER $nodel $node2"

$ns at $Starting_Time "XL1Proc3UDP $X11COUNTER'

$ns at [expr $Starting_Ti me+$Durati on_Tinme] "X11Proc4UDP $X11COUNTER'

$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " X11Proc5UDP $X11COUNTER $nodel
$node2"

}

if {[expr $Starting_Time + $Duration_Tine] <= $STOP_TI Mg} {
set CurrCount [$X11lList Count]
set P1 [expr 1.0-$CurrCount/(2.0*$M X11)]
set P2 0.5
if {[$rvuSession val ue] <=$P1} {$X11List Insert [expr $Starting Ti me+$Duration_Tinme] 1}
if {[$rvuSession val ue] <=$P2} {$X11List Insert [expr $Starting Ti me+$Duration_Tine] 1}
}

set Endi ng_Session [ $X11List TineCfFirst]
set Session_No [ $X11Li st NoOf First]
$X11Li st Del et eFi rst

i ncr X11COUNTER
}

# Generating FTP traffic...
puts "Generating FTP traffic...

set FTPCOUNTER O

# RV for generating MAT for FTP sessions (Poisson FTP arrivals)
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set rveM ATFTP [ new RandonVari abl e/ Exponenti al ]
$rveM ATFTP set avg_ $M AT_FTP

# RV for generating nean duration tinme for FTP sessions (Poisson FTP session)
set rveMDTFTP [ new RandonVari abl e/ Exponenti al ]
$rveMDTFTP set avg_ $MDT_FTP

set Total FTPTCP 0O
set Total FTPUDP O
set Tot al FTPTCPAgent O
set Tot al FTPUDPAgent O

set Curr FTPTCP(0) O
set Curr FTPUDP(0) O
set Curr FTPTCPAgent (0) O
set Curr FTPUDPAgent (0) O

set FTPLi st [new Application/Traffic/LList]

set FTPFreeTCPLi st [new Application/ Traffic/LList]

set FTPFreeUDPLi st [new Application/Traffic/LList]

set FTPFreeTCPAgent Li st [new Application/ Traffic/LList]
set FTPFreeUDPAgent Li st [new Application/Traffic/LList]

set FTPsrc(0) [new Agent/ TCP]
set FTPsi nk(0) [new Agent/ TCPSi nk]

set FTPTCPsrc(0) [new Agent/TCP]

set FTPTCPsi nk(0) [new Agent/TCPSi nk]

set FTPUDPsrc(0) [new Agent/ UDP]

set FTPUDPsi nk(0) [new Agent/ UDP]

set FTPTCPAgent (0) [new Application/ FTP]

set FTPUDPAgent (0) [new Application/ Traffic/Pareto]

## Finds an idle agent, an idle source, and an idle sink or creates new ones

## For TCP session that is going to be generated

proc FTPProclTCP { FTPCOUNTER } {

gl obal Curr FTPTCP FTPFreeTCPLi st Total FTPTCP FTPsrc FTPsi nk FTPTCPsrc FTPTCPsi nk
gl obal Curr FTPTCPAgent FTPFreeTCPAgent Li st Tot al FTPTCPAgent FTPTCPAgent

gl obal MPS_FTP MBS FTP MR_FTP

set Curr FTPTCPAgent ($FTPCOUNTER) [ $FTPFreeTCPAgent Li st NoCOf Fi rst]
$FTPFr eeTCPAgent Li st Del et eFi r st
i f {$Curr FTPTCPAgent ($FTPCOUNTER) == 0} {

incr Total FTPTCPAgent

set Curr FTPTCPAgent ($FTPCOUNTER) $Tot al FTPTCPAgent

set FTPTCPAgent ($Curr FTPTCPAgent ( $FTPCOUNTER)) [ new Applicati on/ FTP]
}

set Curr FTPTCP( $FTPCOUNTER) [ $FTPFreeTCPLi st NoOf Fi rst]
$FTPFr eeTCPLi st Del et eFi r st
i f {$CurrFTPTCP( $FTPCOUNTER) == 0} {

incr Total FTPTCP

set Curr FTPTCP( $FTPCOUNTER) $Tot al FTPTCP

set FTPTCPsrc($Curr FTPTCP( $FTPCOUNTER) ) [ new Agent/ TCP]

set FTPTCPsi nk( $Curr FTPTCP( $FTPCOUNTER) ) [ new Agent/ TCPSi nk]

}
set FTPsrc($FTPCOUNTER) $FTPTCPsr c($Cur r FTPTCP( $FTPCOUNTER) )
set FTPsi nk( $FTPCOUNTER) $FTPTCPsi nk($Cur r FTPTCP( $FTPCOUNTER) )

$FTPsr c( $FTPCOUNTER) set packet Size_ $MPS_FTP

$FTPsr c( $FTPCOUNTER) set maxburst _ [expr round($MBS_FTP*$MR _FTP/ $MPS_FTP) |
## Mean idle time is ignored for TCP FTP sessions...

}

## Finds an idle agent, an idle source, and an idle sink or creating new ones

## For UDP session that is going to be generated

proc FTPProclUDP { FTPCOUNTER} {

gl obal Curr FTPUDP FTPFreeUDPLi st Total FTPUDP FTPUDPsrc FTPUDPsi nk FTPsrc FTPsi nk
gl obal Curr FTPUDPAgent FTPFreeUDPAgent Li st Tot al FTPUDPAgent FTPUDPAgent

gl obal MPS_FTP MBS_FTP M T_FTP MR_FTP



set Curr FTPUDPAgent ($FTPCOUNTER) [ $FTPFreeUDPAgent Li st NoCOf Fi rst]
$FTPFr eeUDPAgent Li st Del et eFi r st
i f {$Curr FTPUDPAgent ($FTPCOUNTER) == 0} {

incr Total FTPUDPAgent

set Curr FTPUDPAgent ($FTPCOUNTER) $Tot al FTPUDPAgent

set FTPUDPAgent ($Cur r FTPUDPAgent ( $FTPCOUNTER) ) [ new Appl i cati on/ Traffi c/ Paret o]

$FTPUDPAgent ( $Cur r FTPUDPAgent ($FTPCOUNTER) ) set packet_size_ $MPS_FTP
$FTPUDPAgent ( $Cur r FTPUDPAgent ( $FTPCOUNTER) ) set burst_size_ $MBS_FTP
$FTPUDPAgent ( $Cur r FTPUDPAgent ($FTPCOUNTER) ) set idle_time_ $M T_FTP
$FTPUDPAgent ( $Cur r FTPUDPAgent ($FTPCOUNTER) ) set rate_ $MR_FTP
$FTPUDPAgent ( $Cur r FTPUDPAgent ($FTPCOUNTER) ) set shape_ 1.5

}

set Curr FTPUDP( $FTPCOUNTER) [ $FTPFreeUDPLi st NoOf Fi rst]
$FTPFr eeUDPLi st Del et eFi r st
i f {$Curr FTPUDP( $FTPCOUNTER) == 0} {
i ncr Total FTPUDP
set Curr FTPUDP( $FTPCOUNTER) $Tot al FTPUDP
set FTPUDPsrc($Curr FTPUDP( $FTPCOUNTER)) [ new Agent/ UDP]
set FTPUDPsi nk( $Cur r FTPUDP( $FTPCOUNTER) ) [ new Agent/ UDP]

}
set FTPsrc($FTPCOUNTER) $FTPUDPsr c( $Cur r FTPUDP( $FTPCOUNTER) )
set FTPsi nk($FTPCOUNTER) $FTPUDPsi nk($Cur r FTPUDP( $FTPCOUNTER) )

}

## Sets up the connection between previously identified source & destination
## For TCP session that is going to be generated

proc FTPProc2TCP { FTPCOUNTER nodel node2} {

gl obal FTPsrc FTPsi nk ns FTPTCPAgent CurrFTPTCPAgent n

$ns attach-agent $n($nodel) $FTPsrc($FTPCOUNTER)

$ns attach-agent $n($node2) $FTPsi nk($FTPCOUNTER)

$ns connect $FTPsrc($FTPCOUNTER) $FTPsi nk( SFTPCOUNTER)
$FTPTCPAgent ( $Cur r FTPTCPAgent ($FTPCOUNTER) ) attach-agent $FTPsrc( $FTPCOUNTER)

}

## Sets up the connection between previously identified source & destination
## For UDP session that is going to be generated

proc FTPProc2UDP { FTPCOUNTER nodel node2} {

gl obal FTPsrc FTPsi nk ns FTPUDPAgent CurrFTPUDPAgent n

$ns attach-agent $n($nodel) $FTPsrc($FTPCOUNTER)

$ns attach-agent $n($node2) $FTPsi nk($FTPCOUNTER)

$ns connect $FTPsrc($FTPCOUNTER) $FTPsi nk( $SFTPCOUNTER)
$FTPUDPAgent ( $Cur r FTPUDPAgent ($FTPCOUNTER) ) attach-agent $FTPsrc( $FTPCOUNTER)

}

## Starts the TCP traffic source
proc FTPProc3TCP { FTPCOUNTER Byt esToSend} {
gl obal FTPsrc

$FTPsr c( $FTPCOUNTER) send $Byt esToSend
}

## Starts the UDP traffic source
proc FTPProc3UDP { FTPCOUNTER} {
gl obal FTPUDPAgent Curr FTPUDPAgent

$FTPUDPAgent ( $Cur r FTPUDPAgent ( SFTPCOUNTER) ) start
}

## Starts the TCP traffic source
proc FTPProc4TCP { FTPCOUNTER} {
gl obal FTPTCPAgent CurrFTPTCPAgent

$FTPTCPAgent ( $Cur r FTPTCPAgent ( SFTPCOUNTER) ) st op
}

## Starts the UDP traffic source
proc FTPProc4UDP { FTPCOUNTER} {
gl obal FTPUDPAgent Curr FTPUDPAgent
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$FTPUDPAgent ( $Cur r FTPUDPAgent ( $FTPCOUNTER) ) st op
}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For TCP connection that was generated

proc FTPProc5TCP { FTPCOUNTER nodel node2} {

gl obal ns FTPsrc FTPsi nk FTPFreeTCPAgent Li st Curr FTPTCPAgent n

gl obal FTPFreeTCPLi st Curr FTPTCP

$FTPFreeTCPLi st Insert $Curr FTPTCP($FTPCOUNTER) $Curr FTPTCP( $FTPCOUNTER)

$ns detach-agent $n($nodel) $FTPsrc($FTPCOUNTER)
$ns det ach-agent $n($node2) $FTPsi nk( $FTPCOUNTER)
$FTPFreeTCPAgent Li st | nsert $Curr FTPTCPAgent ($FTPCOUNTER) $Cur r FTPTCPAgent ( $FTPCOUNTER)

}

## Detaches source & sink agents fromtheir corrspondi ng nodes, and hanles free |ist
operations

## For UDP connection that was generated

proc FTPProc5UDP { FTPCOUNTER nodel node2} ({

gl obal ns FTPsrc FTPsi nk FTPFreeUDPAgent Li st Curr FTPUDPAgent n

gl obal FTPFreeUDPLi st Curr FTPUDP

$FTPFreeUDPLi st I nsert $Curr FTPUDP( $FTPCOUNTER) $Curr FTPUDP( $FTPCOUNTER)

$ns detach-agent $n($nodel) $FTPsrc($FTPCOUNTER)

$ns det ach-agent $n($node2) $FTPsi nk( SFTPCOUNTER)

$FTPFreeUDPAgent Li st | nsert $Curr FTPUDPAgent ($FTPCOUNTER) $Cur r FTPUDPAgent ( $FTPCOUNTER)
}

# Insert FTP sessions into |ist
for {set i 1} {$i <= $MFTP} {incr i} {
set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSink value])]
while { $nodel == $node2 } {

set node2 [expr round([$rvuSi nk val ue])]

}

set | AT [ $rveM ATFTP val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATFTP val ue]
}

set Starting_Time [expr $START_TIME + $I AT]
set Duration_Time [expr [$rveMDTFTP val ue]]
set lag [expr $Starting_Tinme - $START_TI ME]

if {[$rvuTCPUDP val ue] <= $PER TCP} {
$ns at [expr $Starting_Tinme-0.5*$lag] "FTPProclTCP $FTPCOUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] "FTPProc2TCP $FTPCOUNTER $nodel $node2"
$ns at $Starting_Time "FTPProc3TCP $FTPCOUNTER [ expr $MR_FTP*$Durati on_Ti me] "
$ns at [expr $Starting_Ti me+$Durati on_Time] "FTPProc4TCP $FTPCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " FTPProc5TCP $FTPCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tinme-0.5*$l ag] "FTPProclUDP $FTPCOUNTER'
$ns at [expr $Starting_Time-0.25*$l ag] "FTPProc2UDP $FTPCOUNTER $nodel $node2"
$ns at $Starting_Time "FTPProc3UDP $FTPCOUNTER'
$ns at [expr $Starting_Ti ne+$Durati on_Ti me] "FTPProc4UDP $FTPCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " FTPProc5UDP $FTPCOUNTER $nodel
$node2"
}

$FTPLi st Insert [expr $Starting_Ti me+$Duration_Tinme] 1

i ncr FTPCOUNTER
}

set Endi ng_Session [ $FTPLi st Ti neCf First]



set Session_No [$FTPLi st NoOf First]
$FTPLi st Del et eFi r st

while {$Session_No != 0} {

set nodel [expr round([$rvuSource val ue])]
set node2 [expr round([$rvuSink value])]
whil e {$nodel == $node2} {

set node2 [expr round([$rvuSink value])]

}

set | AT [$rveM ATFTP val ue]
while {$I AT < 4.0*$SPD} {

set | AT [$rveM ATFTP val ue]
}

set Starting_Time [expr $Endi ng_Sessi on+$l AT]
set Duration_Time [expr [$rveMDTFTP val ue]]
set lag [expr $Starting Time - $Endi ng_Sessi on]

if {[$rvuTCPUDP val ue] <= $PER TCP} ({
$ns at [expr $Starting_Tine-0.5*$lag] "FTPProclTCP $FTPCOUNTER'
$ns at [expr $Starting_Tine-0.25*$l ag] "FTPProc2TCP $FTPCOUNTER $nodel $node2"
$ns at $Starting_Time "FTPProc3TCP $FTPCOUNTER [ expr $MR _FTP*$Durati on_Ti me] "
$ns at [expr $Starting_Ti ne+$Durati on_Time] "FTPProc4TCP $FTPCOUNTER'
$ns at [expr $Starting_Ti me+$Duration_Ti me+$SPD] " FTPProc5TCP $FTPCOUNTER $nodel
$node2"
} else {
$ns at [expr $Starting_Tine-0.5*$lag] "FTPProclUDP $FTPCOUNTER'
$ns at [expr $Starting_Tinme-0.25*$l ag] "FTPProc2UDP $FTPCOUNTER $nodel $node2"
$ns at $Starting_Tinme "FTPProc3UDP $FTPCOUNTER'
$ns at [expr $Starting_Ti ne+$Durati on_Time] "FTPProc4UDP $FTPCOUNTER'
$ns at [expr $Starting_Ti me+$Durati on_Ti me+$SPD] " FTPProc5UDP $FTPCOUNTER $nodel
$node2"
}

if {[expr $Starting_Tine + $Duration_Tinme] <= $STOP_TI ME} {
set CurrCount [$FTPList Count]
set P1 [expr 1.0-$CurrCount/(2.0*$M FTP)]
set P2 0.5
if {[$rvuSession val ue] <=$P1} {$FTPLi st Insert [expr $Starting_Ti me+$Duration_Time] 1}
if {[$rvuSession val ue] <=$P2} {S$FTPLi st Insert [expr $Starting Ti me+$Duration_Tine] 1}
}
set Endi ng_Session [ $FTPLi st Ti neCf First]
set Session_No [ $FTPLi st NoOf First]
$FTPLi st Del et eFi rst

i ncr FTPCOUNTER
}

$ns at $STOP_TIME "fi ni sh"

$ns run



Appendix B. C++ CODE OF Application/Traffic/SupFRP
C++ code of SupFRP is available in file “SupFRP.cc”.

“SupFRP.cc”

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <math. h>

#i ncl ude "trafgen. h"

int count=0;

double Alfa, Ganma, A, L, /1 # of packet arrivals per sec
M // # of FRPs
rate_, // transmission rate in Kbps
H, // hurst paraneter

| ong Seed;

double S=0.0; // saves the tine of the previous arrival...
struct node *saver; // saves the first node of the linked Iist for the next tine...

struct node{
int processno;
double tine;
struct node *next;

}

struct node *head=NULL;

class SupFRP_Traffic : public TrafficGenerator {

public:
SupFRP_Traffic();
virtual double next_interval (int&);
int on() { return on_;}

struct node *Insert(struct node *HList, int newprocess, double newine)

{

struct node *save, *tenpl, *tenp2;

save=(struct node*)mal | oc(sizeof (struct node));
save->time = newti ne;
save- >pr ocessno = newpr ocess;

i f(HLi st==NULL) {
HLi st =save;
HLi st - >next =NULL;

else if (newtime<=HList->tine){
save- >next =HLi st ;
HLi st =save;

el se{
t enp2=HLi st ;

whi |l e((tenp2->time<=newt i ne) &&(t enp2- >next ! =NULL) ) {
tenpl=t enp2;
t enp2=t enp2- >next ;

}
if (tenmp2->time<=newtine){
tenpl=t enp2;
t enp2=t enp2- >next ;
}
t enpl- >next =save;
save- >next =t enp2;

}
return(HList);
}

struct node *Get M n(struct node *HList, struct node ** Del et edNode)



(*Del et edNode) =HLi st ;
return(HLi st->next);

doubl e Gener at eTi ne2(doubl e U)

if (U>=exp(-Ganm))
return(-(1/ Gamm) *A*l og(UV));
el se
return (exp((double)-1)*A*exp((double)((-1/Gamma)*log(V))));

}
doubl e Gener at eTi ne(doubl e U)
{
doubl e V;
V=(1+( Ganma- 1) *exp( (doubl e) Gamma) ) * U Ganma,;
if (Vv>=1)
return(-(1/ Ganma) * A*l og( U* (Garma* V- 1)/ (Ganma*V-U)) ) ;
el se
return (A*exp((double)((1/(1-Gnmm))*log(V))));
}
doubl e SupFRP(voi d)
{
int j;
doubl e Taoj;
doubl e diff=0.0;
if (count == 0)
for(j=1;j<=Mj++) {
Taoj = CenerateTi me(drand48());
head = Insert(head,j, Taoj);
}
head = Get M n(head, &aver);
diff = saver->tine-S;
S = saver->tine;
count ++;
} else {
Taoj = CenerateTi me2(drand48());
saver->tinme += Taoj;
head = I nsert(head, saver->processno, saver->tine);
free(saver); head = Get M n(head, &aver);
diff = saver->tine-S;
S = saver->tine;
}
return (diff);
}
protected:
void init();
int on_;
b
SupFRP_Traffic:: SupFRP_Traffic()
{
bind("rate_", &ate_);
bi nd(" packet _size_ ", &size );
bi nd("FRPs_", &MV);
bi nd("hurst_", &H);
}
voi d SupFRP_Traffic::init()
{
on_ = 0;
Seed = 12351;

srand48( Seed) ;



}

L = (doubl e)(rate_*1000)/ (doubl e)(8*size_); // find packet

Alfa = (2*(double)H1);
Gamma = (2-Alfa);

A = ((MGamma)/ (L*( 1+exp(-Gamm)/ (Gamme-1))));

if (agent_ )
agent _->set_pkttype(PT_SupFRP);

doubl e SupFRP_Traffic::next_interval (int& size)

{

}

double t = SupFRP();
on_ = 1;

size = size_;
return(t);

static class SupFRPTrafficC ass : public Tcl dass {

rate as packets/sec

SupFRPTrafficC ass() : Tcl O ass("Application/Traffic/SupFRP") {}

Tcl Obj ect* create(int, const char*const*) {
return (new SupFRP_Traffic());

}
} class_SupFRP_traffic;
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Appendix C. C++ CODE OF Application/Traffic/LList

C++ code of the sorted linked list TclObject, embedded into ns, is available in file
“LList.cc”.

“LList.cc”

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude "trafgen. h"

class Double_LList : public TrafficGenerator{

struct node {

double item

int no;

struct node *next;
b
public:

Doubl e_LList();

command(i nt, const char*const*);
virtual double next_interval (int&);
struct node* Head,

voi d Insert(double item int no)
/1 inserts the "itent to the linked list

{
struct node *save, *tenpl, *tenp2;
save=(struct node*)mal | oc(sizeof (struct node));
save->item= item
save->no = no;
i f (Head==NULL) {
Head=save;
Head- >next =NULL;
}
else if (itenmc=Head->iten){
save- >next =Head;
Head=save;
el se{
t enp2=Head;
whi |l e((tenmp2->itenx=itemn &&(tenp2->next!=NULL)) {
tenpl=tenp2,
t enp2=t enp2- >next ;
}
if (temp2->itenx=itemn
tenpl=tenp2,
t enp2=t enp2- >next ;
}
t enpl- >next =save;
save- >next =t enp2;
}
}

voi d Del ete(double item
/1 renmoves "itent fromthe linked |ist

{

struct node *save, *tenp;

i f (Head==NULL) return;

else if (itemr=Head->iten){
save=Head- >next ;
free (Head);
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Head=save;
}el sef
save=Head;

whi | e((save->i tenxiten) &&(save->next! =NULL)) {
t enp=save,;
save=save- >next ;

if (save->itenr=iten){
t enp- >next =save- >next ;
free (save);

}
}
}
int LookUp (int itemmo)
{
struct node *save;
save = Head;
while ((save != NULL) && (save->no != itemo)) {
save = save->next;
}
if ((save != NULL) && (save->no == itemo)) return 1,
el se return 0;
}

voi d Del et eLi st ()
/1 renpoves the first elenment of the linked Iist
{

struct node *save, *tenp;

save = Head;

while (save !'= NULL) {
tenp = save;
save = save->next;
free(tenp);

}
Head = NULL;
}

double TinmeOrFirst()
/1 renmoves the first elenent of the linked |ist

i f(Head==NULL) return (0.0);
el se return (Head->item;

}

int NoOFirst()
/1 renoves the first elenment of the linked Iist
{

i f (Head==NULL) return (0);

el se return (Head->no);

}

voi d Del eteFirst()
/1 renpoves the first elenment of the linked Iist
{
double item
struct node *save;
i f (Head==NULL) return;
el se {
item = Head->item
save=Head- >next ;
free (Head);
Head=save;
return;



voi d DisplayList()
/1 prints the elements of the linked list to the screen

{

}
b

struct node* save;

save=Head;
whi | e(save! =NULL) {
printf("% 9%, ",save->item save->no);

save=save- >next ;

}
printf ("\n");

static class LinkedListCass : public Tcl dass {
public:

Li nkedLi std ass() : Tcl d ass("Application/Traffic/LList") {}
Tcl Obj ect* create(int, const char*const*) {
return (new Doubl e_LList());

} LList_class;

Doubl e_LLi st:: Doubl e_LLi st ()

{
}

Head = NULL;

doubl e Doubl e_LList::next_interval (int& size)

{

}
int

{

double t = 0.0;
size = size_;
return(t);

Doubl e_LLi st::comrmand(int argc, const char*const*argv)

Tcl & tcl = Tcl::instance();
if (argc >= 2){

if (strcnp(argv[1l], "D splayList")==0){
Di spl ayLi st();
return TCL_OK;

} else if (strcnp(argv[1l], "DeleteFirst")==0){
Del eteFirst();
return TCL_OK;

} else if (strcnp(argv[1l], "DeleteList")==0){
Del eteList();
return TCL_OK;

} else if (strcnp(argv[1l], "LookUp")==0)({
int itetmo = atoi(argv[2]);
tcl.resultf("%", LookUp(itemo));
return TCL_OK;

} else if (strcnp(argv[1l], "TimeOFirst")==0){
tel .resultf("%", TimeOFFirst());
return TCL_OK;

} else if (strcnp(argv[1l], "NoOFirst")==0){
tcel.resultf("%l", NoOFFirst());
return TCL_OK;

} else if (strcnp(argv[1l], "Insert")==0){
double tinme = atof (argv[2]);
int no = atoi(argv[3]);

Insert(time, no);
return TCL_OK;

} else if (strcnp(argv[1l], "Delete")==0){
doubl e sender = atof(argv[2]);
Del et e(sender);
return TCL_OK;

}

return (Doubl e_LLi st::command(argc, argv));
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Appendix D. TRAFFIC MODELING

D.1. Importance of Traffic Modeling

The basic goal of telecommunications networking is to provide satisfactory service
desired by users. The requirements of users can be shortly called as Quality of Service
(QoS) requirements. In the design and engineering perspective of networking, there has
always been a trade-off between resources and QoS requirements. While limited amount
of resources is an obstacle to guarantee QoS, assurance of QoS requires more resources.
To guarantee QoS, more optimization of resources must be achieved. Optimization needs
accurate modeling. Modeling of a network requires a good traffic model, which can
capture behavior of the real traffic. Thus, traffic modeling is the basic step for optimizing
resources of a network.

D.2. Overview of Traffic Modeling

Three basic characteristics can be determined as the evaluation criteria for a traffic
model. These are:

* Accuracy: To what extent the model is able to capture behavior of the traffic to be
modeled?

The model should be able to cover the behavior of the real traffic.

* Analytical tractability: What is the computational complexity of the generation of
traffic by using the model?

Tractability has been the biggest obstacle for creating traffic models. In recent years,
there has been several models, proposed as accurate, but not tractable enough for real
applications. On the other hand, there are several tractable traffic models but not accurate
enough. So, there exists a trade-off between a model’s accuracy and its analytical
tractability. [12]

* Flexibility: To what extent the model is tunable for the generation of different kinds
of traffic?

The value of a traffic model increases with respect to its number of adjustable parameters
to generate different kinds of traffic.

D.2.1. Mathematical Description of Traffic
D.2.1.1. Point (Stochastic) Processes

The most usual ways to describe network traffic are the two point processes: “counting
process” and “inter-arrival time process”. [12]
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In the counting processes, the network traffic is modeled as the number of packet arrivals
during a predefined time slot, while the time between consecutive packet arrivals is used
in the inter-arrival time processes. Recently, counting processes have been used more
frequently.

What is a “counting process”? Say that dN(?) is a stochastic process representing packet
t

arrivals. Define a counting process as N(7) :IdN (s)ds that is the number of packet
0

arrivals in the interval (0,/. [12]

How can a counting process describe traffic? Define a time series X=¢{X,, n [J Z'} as
X, =N[nT,]-N[(n—1)T.], where T is the duration of the n™ interval. X, refers to the
number of packet arrivals during the n™ interval. Figure D-1 indicates X, on the time line.
Here, X is assumed to have a mean u=FE/X,/ and variance o =Var[X,].

L QI SN SN SEED SEED SN SEED SN SEE 4 >
N
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Figure D-1: Representation of the counting process on the time line.

D.2.1.2. Statistical Measures

As described in the previous section, point processes are the underlying basis for most
traffic models. So, the characteristics of traffic models are adjusted by the statistical
measures of the underlying point process.

Statistical measures of a point process are the first-order statistical measures such as
average rate, the probability density function (pdf) of the number of packet arrivals
during an interval and of the inter-arrival time. Basic second-order statistical measures
are power spectral density (PSD), index of dispersion for counts (IDC), coincidence rate
(CR), and covariance function (COV). We can briefly describe the second-order
statistical measures as follows:

e PSD: Provides a measure of how the power in a process is concentrated in various
frequency bands.[8]
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* CR: Measures the correlation between pairs of arrivals with a specified time delay
between them, regardless of the intervening arrivals. [4] Can be formulized as
G(T)=E[dN(t)dN(t +1)], where T is the pre-mentioned time delay (number of
intervening time slots). CR is related to auto-correlation function (ACF). CR and
ACF identify the same characteristic of a traffic model. In fact, ACF is the CR,
normalized with variance, o°. ACF can be formulized as:

r(k,T.)=Covar[X,,X,, /0" =Covar[X,, X

]/ Covar[X,, X, ]
=E[X, X,.,]1/0°

e IDC: Measures the variance related characteristics, and defined as the number of
arrivals in a specified time window of width T divided by the mean number of

arrivals. Formulization of it can be done as F'(T,) =Var[N(T,)]/ E[N(T,)] .

e COV: Used for measuring the covariance between the number of arrivals in two
counting time windows of width 7, and separation k7. Can be formulized as
Ck,T,)=Cov(X,,X,.\)-

D.2.2. Some Important Types of Traffic Models

The classification of traffic models are mostly being done depending on the underlying
point process. Actually, there are several point processes, which have been used for
generation of traffic. Here, we are listing some of the important ones.

D.2.2.1. Poisson Process

Poisson models are the oldest traffic models. The basic idea is to generate the next-
coming arrival after an independent exponentially distributed inter-arrival time. Poisson
models have a geometrically decreasing ACF. ACF of Poisson models converges to zero
when the intervening number of slots (also called “lag”) goes to infinity. We can
represent this mathematically as r(k,7,) — O whenk — oo. This property of Poisson

models is also described as having an ACF, which can be summed for all values of it

from 0 to infinity. In other words, Z r(k,T,) is finite and exists. This second description
k=0

says that “ACF varies at zero after some point when £ increases, so that its values can be
summed to a finite number.”.

This property of Poisson models, like several other traffic models, also represents short-
range dependence property. In other words, the correlation between pairs of the number
of arrivals in each interval vanishes when the number of intervening intervals between
them increases. In long-range dependent models, ACF is not summable and never reaches
to zero. This property of Poisson models caused them to be unsuccessful. Recently,
Poisson models have been proven to be unsuccessful to capture the network traffic. [10]
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D.2.2.2. Markov-Modulated Poisson Process (MMPP)

MMPP models are generated by a k-state Markovian system. Each state has a Poisson
arrival rate represented with A; where /<i<k. In Markovian system, the generated traffic
can be adjusted by changing the number of states, the mean rates of each state, and the
transition probabilities between the states. Interrupted Poisson Process (IPP) model is an
example of MMPP models. In IPP, there are two states, one of which has an arrival rate
of zero. IPP models have been widely used to model bursty traffic such as VBR video
and voice.

Although, MMPP models have a good tractability, they are also not able to catch the
behavior of the network traffic accurately. MMPP models are also short-range dependent
models.

In addition, superposition of MMPPs has been proposed to capture the behavior of long-
range dependence. [3]

D.2.2.3. Fractal Point Process (FPP)

FPPs are the stochastic processes, which exhibit the power-law behavior. Power-law
behavior is described as follows:

1. Scalability of ACF: %im k(i > _T;)) Eexists and is finite.
— 00 |:| |:

a
s

2. Scalability of IDC: Tlim (Z.) Eexists and is finite.

()

-a

3. Scalability of PSD: }im Eexists and is finite.

For the conditions above, 0<a<l must hold for all a. [7] In the above formulas, a is
called as the “fractal exponent”, and has the relation to the Hurst parameter, H, with the
equation H=(a+1)/2.

Basically, power-law indicates having the property of scalability. In other words, parts of
the whole thing resemble to the general view of it. This property can be easily seen on
clouds. Parts of the whole cloud, most of the time, resemble to the general view of it. For
an FPP model to be fractal, at least two of the relations in Power-law must hold. Usually,
ACF and IDC are checked for evaluating a traffic model.

Scalability of ACF means to have long-range dependence property, of IDC means to
have slowly decaying variance property, and of PSD means to have //f noise property.

In fact, ACF and IDC functions have been used to characterize the real network traffic.
Several researches have shown that the behavior of the network traffic is scalable for
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either ACF or IDC, or both. [12] Since traditional (such as Poisson and MMPP) models
do not have scalability of ACF and IDC, they seem to be unsuccessful.

Which properties do the traditional models have? Traditional models have

- IDC of converging to a constant value.
- ACF of decaying geometrically.
- PSD bounded at the origin. [12]

D.3. Fractal Traffic Models

As it was mentioned in Section D.2.2.3, a point process has fractal property if it is
satisfying at least two of the power-law rules. We can look at the FPPs closer by
mentioning some important concepts related to fractal processes.

D.3.1. Self-Similarity

An FPP is self-similar if it has scalability depending on a parameter H, the Hurst
parameter. The cloud-example (mentioned in Section D.2.2.3) is a very good example for
explaining self-similarity. We can briefly say that a self-similar traffic has property of
long-range dependence, slowly decaying variance, and //f noise all at the same time or
two of them.

D.3.2. Long-Range Dependence

In the previous sections, we stated that a long-range dependent traffic has a non-
summable ACF, when lag k goes to infinity. This can also be interpreted as “there still
exists some correlation between the traffic being generated and the traffic that was
generated a very long time ago”. In other words, although the traffic is randomly being
generated, there is still some kind of relation.

D.3.3. Second-Order Self-Similarity

We can simply say that this is a more powerful self-similarity. In order to identify
whether the traffic is second-order self-similar, at first we need to obtain the number of
arrivals for each time slot, X,,. Then, we will look at the traffic from a distance, m times
further. Mathematically, we can do that by averaging the m adjacent X, values and
constructing a new point process by these averages. If this final point process has the
property of non-summable ACF, then we call the original traffic as second-order self-
similar.
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