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| ntroduction

elcome to the user manual of NCTUns
W 1.0 - ahighfidelity and extensible

network simulator. In thisintroduction,

we will briefly introduce the capabil-
ities and features of NCTUns 1.0. Also, to help
users understand how NCTUns 1.0 works, the
high-level structure of NCTUns 1.0 will be
presented in detail. Some screenshots will be
presented at the end of this chapter.

Capabilitiesand Features

NCTUns 1.0 uses anovel kernel-reentering
simulation methodology [1]. Assuch, it provides
many unique advantages that cannot be achieved
by traditional network simulators.

Support for Various Networks

It can simulate wired networks with fixed nodes
and point-to-point links. It can aso simulate
wireless networks with mobile nodes and |EEE
802.11 (b) wireless network interfaces.

Support for Various Networking Devices

It can simulate various networking devicessuch as
Ethernet hubs, switches, routers, hosts, |IEEE
802.11 wireless access points and interfaces, etc.

Support for Various Network Protocols

It can simulate various protocols such as |EEE
802.3 CSMA/CD MAC, |EEE 802.11 (b)
CSMA/CA MAC, learning bridge, spanning tree,
IP, RIP, OSPF, UDP, TCP, HTTP, FTP, Telnet,
etc.

Application Compatibility

1 All real-life existing or to-be-developed UNIX
application programs can be run on asimulated
network to generate network traffic.

2 All real-life existing UNIX network configu-
ration tools (e.g., route, ifconfig, netstat) or
performance monitoring tools (e.g., tcpdump,
traceroute) can be run on asimulated network to
configure or monitor the simulated network.

User Friendliness

It provides an integrated and professional GUI
environment in which users can easily conduct
network simulations. As apowerful tool, the GUI
is capable of

« drawing network topologies

« configuring the protocol modules used inside a
node

« specifying the moving path of mobile nodes
« plotting network performance graphs

« playing back the animation of alogged packet
transfer trace

* more...

Open System Architecture



By using aset of module APIsthat are provided by
the simulation engine, a protocol module
developer can easily implement his or her own
protocol and integrate it into the simulation
engine. Details about adding a new protocol
moduleto the simulation engineispresentedinthe
“NCTUns 1.0 module write manual.”

High-Level Structure

NCTUns 1.0 adopts a distributed architecture. It
can be viewed as a package consisting of eight
components.

1 Thefirst component is the GUI program by
which a user can edit a network topol ogy,
configure the protocol modules used inside a
network node, specify mobile nodes’ moving
paths, plot performance graphs, play back the
animation packet transfer trace, etc.

2 The second component isthe simulation engine,
which provides basic but useful simulation
services (e.g., event scheduling, timer
management, and packet manipulation, etc.) to
protocol modules.

3 Thethird component is the set of various
protocol modules each of which implements a
specific protocol or function (e.g., packet sched-
uling or buffer management).

4 The fourth component is the simulation job
dispatcher that can manage and use multiple
simulation servers at the same time to increase
aggregate simulation throughput.

5 The fifth component is the coordinator. On
every machine where a simulation server
program resides, a process called the “ coordi-

nator” exists. The coordinator processisaliveas
long as the simulation machineisalive. When a
simulation machine is powered on and brought
up, the coordinator running on that machinewill
register itself with the dispatcher to join the
dispatcher’ s simulation machine farm. Later on,
when its status (idle or busy) changes, it will
notify the dispatcher of its new status. This
enables the dispatcher to choose an available
machine from its simulation machine farm to
service ajob.

When the coordinator receives ajob from the
dispatcher, it forks a simulation server process
to simulate the specified network and protocols.
It may also fork several real-life application
program processes specified in the job. These
processes are used to generate traffic in the
simulated network.

When the simulation server processisaive, the
coordinator will communicate with the
dispatcher and the GUI program on behal f of the
simulation server process. For example, period-
ically the simulation server process needs to
send the current virtual clock of the simulated
network to the GUI program. The is done by
sending the value to the coordinator then the
coordinator forwards this information to the
GUI program. This enables the GUI user to
know the progress of the simulation.

During asimulation, the GUI user can also on-
line set or get an object’ svalue (e.g., to query or
set a switch’'s current switch table). Message
exchanges that happen between the simulation
server processand the GUI program areall done
viathe coordinator.



6 The sixth component is the kernel source
patchesthat need to be madeto the kernel source
codes so that asimulation server processcan run
on aUNIX machine correctly.

7 The seventh component isthe various user-level
application programs. Due the novel kernel-
reentering simulation methodol ogy, any real-life
existing or to-be-devel oped application program
can directly run on asimulated network to
generate network traffic.

8 The eighth component is the various user-level
daemons that are run for the whole simulation
system. For example, the NCTUns 1.0 provide
RIP and OSPF routing daemons. By running
these daemons, the routing entries needed for a
simulated network can be constructed automati-
caly.

Due to this distributed design, aremote user can
submit his or her simulation job to a specified
dispatcher, and the dispatcher will then forward
the job to an available simulation server for
execution. The server running the simulation
engine will process (simulate) the job and later
return the results back to the remote GUI program
for further analyses. This scheme can easily
support the server farm model in which multiple
simulation jobs are performed in parallel on
different server machines.

Compared to the above described “ multiple
machine mode”, thereis also a“ single machine
mode.” In such amode, all of these components
areinstalled on asingle machine. Althoughinthis
mode simulations cannot be run concurrently,
since most users have only one machine to use,
this mode may be the best mode for them.

Screen Shots

To give users aquick idea about what the multi-
purpose GUI environment may look like, some
screen shots are presented below.

Starting Screen

Every time when you launch the GUI program,
you will see this screen popped up.
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Fig. 1. The starting screen of the NCTUNS 1.0.

Topology Editor

The topology editor provides a convenient and
intuitive way to graphically construct a network
topology. A constructed network can be afixed
wired network or amobile wireless network. Due
to auser-friendly design, all GUI operations can
be done easily and intuitively.
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Fig. 2. The topology editor of the NCTUns 1.0.

Attribute Dialog Box

A network device (node) may have many
attributes. Setting and modifying the attributes of
anetwork node can be easily done. Just double-
clicking theicon of the network node. An attribute
dialog box will pop up. Y ou then can set the
device's attributes in the dialog box.
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Fig. 3. A popped-up attribute dialog box in the NCTUns 1.0.

Performance Monitor

The performance monitor can easily and graphi-
cally generate and display the plots of some
monitored performance metrics over time.
Examplesinclude alink’s utilization or a TCP
connection’ s achieved throughput. Because the
format of itsinput datafile uses the general two-
column (X, y) format and the dataiis in plain-text,
the performance monitor can be used as an
independent tool; that is, it can be used to plot
graphs from data generated by other application
programs.
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Fig. 4. The performance monitor of the NCTUns 1.0.

Node Editor

The node editor provides a convenient
environment in which a user can flexibly
configure the protocol modules used inside a
network node. By using thistool, auser can easily
add, delete or replace a module with his/her own
module. This capability enables a user to easily
test the performance of a new protocol.



Regarding how to add a new protocol module to
the node editor (i.e., tolet it know you have added
anew protocol module to the simulation engine),
readers should refer to the “NCTUns 1.0 module
write manual.”
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Fig. 5. The node editor of the NCTUns 1.0.

Packet Animation Player

By using the packet animation player, alogged
packet transfer trace can be replayed at aspecified
speed. Both wired and wireless networks are
supported. Thiscapability isvery useful becauseit
can help aresearcher visually debug and test the
behavior of a network protocol. It isalso very
useful for educational purposes because students
now can see how a protocol behaves.
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Fig. 6. The packet animation player of the NCTUns 1.0.

Summary

In this chapter, we have briefly discussed the
features and capabilities of the NCTUns 1.0
network simulator. After reading this chapter,
readers now should have a high-level view about
the NCTUns 1.0 network simulator. In the next
chapter, we will present how to install the
NCTUns 1.0 network simulator package. To
enable readers to quickly get afeeling about the
operation of the simulator, a short tour about
running a simple simulation case will be
presented.



Getting Started

readers quickly learn how to usthe

NCTUns 1.0 network ssimulator. First, we

give instructions on how to install the
NCTUns 1.0 network simulator package on a
single machine. Next, we use step-by-step instruc-
tions to show that auser can immediately run a
simple simulation case.

T his chapter presents asimple tour to help

Installation and Configuration

In the following, we assume that when installing
the package, the user uses the default settings.

A user first extracts the package from the CD or
downloads it from the web site at

http://NSL .csie.nctu.edu.tw/nctuns.html. After
reading the installation explanation and running
the installation script, a sub-directory named
“nctuns” will be created in the /usr/local/
directory, which in turn has several sub-direc-
tories. The name of these sub-directories are
“hbin,” “etc,” “tools” “BMP’, and “lib,” respec-
tively. In the following, we will explain each of
these subdirectories.

1. /usr/local/nctunsg/bin

This directory stores executable programs of the
GUI program, dispatcher, coordinator, and the
simulation engine. Their names are “ nctun-

sclient”, “ dispatcher”, “ coordinator”, and
“nctunsse,” respectively.

2. lusr/local/nctuns/tools

This directory stores executable programs of
various applications and tools pre-installed by the
NCTUns 1.0 network simulator. For example,
currently “stcp,” “rtcp,” “ttcp,” “tepdump,”
“ripd,” “ospfd,” “nctunsTcsh,” “script,” “stg,”
“rtg,” “tsetenv,” "ifconfig,” are supported.

Due to the use of anovel kernel-reentering
simulation methodology [1], one unique
advantage provided by the NCTUns 1.0isthat any
real-life application program can run on a
simulated network to generate traffic.

During simulation, in order to run up an appli-
cation program that is not pre-installed in this
directory, the user must first copy that program
into thissubdirectory (i.e., /usr/local/nctung/tool s)
so that the NCTUns 1.0 can find it during
simulation. Detailed information on how to
specify which application programs should be run
on which nodes in the GUI program is presented
in the “ Topology Editor” Chapter.

3. /usr/local/nctuns/etc

This directory stores the configuration files
needed by the GUI program, dispatcher, and
coordinator. Their names are “ mdf.cfg,”
“dispatcher.cfg,” and “ coordinator.cfg,” respec-
tively.

4. Jusr/loca/nctuns/'BMP



Thisdirectory storestheicon bmp filesused by the
GUI program. These icon files are used for
displaying various devices' icons and control
buttons.

5. lusr/local/nctung/lib

This directory storesthe libraries needed by the
GUI program and simul ation engine. For example,
Qt 3.0.5library and TCL 8.3 library need to be
installed for the GUI program and the simulation
engine, respectively.

Installation Procedure

Before starting the installation, a user should
carefully read the “ README” and “INSTALL”
filesfirst. Both of these two files contain
important installation information.

A user then runsthe “install.sh” shell script. This
script will make changesto the kernel source code
of the simulation machine and then re-build the
kernel. It will also build all executable programs
and copy them to their default directories. In
addition, it will create 4,096 tunnel special files
(tunnel interfaces) in /dev. These steps may take
some time.

After these tasks are done, the machine must be
rebooted to use the new kernel. Next time when
the machine is boot up again, the whole instal-

lation is finished and can be viewed as successful.

After theinstallation, before using the GUI
program the first time, the user should create two
directoriesin hisor her home directory Thefirst
directory is .nctuns, in which several GUI
temporary fileswill be stored. The second is
.nctung/etc, in which the GUI program’s

preference setting file will be stored. Note that the
creation of these two directories should be done
only once.

More detailed and up-to-date installation and
usage information can be found in the package of
the NCTUns 1.0 network simulator.

A Quick Tour

Setting up the environment

Suppose that a user uses the single-machine mode
of theNCTUns 1.0, before he (she) startsthe GUI
program, he (she) needsto do three things. The
first is setting environment variables. The second
isstarting up the dispatcher, and thelast is starting
up the coordinator.

1. Set up environment variables:

Before a user can run up the dispatcher, coordi-
nator, or nctuns GUI program, he (she) must first
set up the NCTUNSHOME envronment variable.
To do this, auser can type in and execute the

“ setenv NCTUNSHOME /usr/local/nctung/” shell
command in his (her) terminal window (i.e.,
xterm).

For the GUI program, an additional environment
variable LD_LIBRARY_PATH must be set. The
following shell command * setenv
LD_LIBRARY_PATH /ust/local/nctung/lib” can
be executed to do thisjob.

2. Start up the dispatcher:

Now auser can run up the dispatcher, which is
located in /usr/local/nctung/bin.



The default port number used by the dispatcher to
receive messages sent from coordinator
program(s) is 9,810. It is 9,800 for the dispatcher
to receive messages sent from GUI program(s).
These default settings can be found and changed
in the dispatcher.cfg file, which islocated in
{usr/local/nctung/etc/.

3. Start up the coordinator:

Now a user can run up the coordinator, which is
located in /usr/local/nctuns/bin.

Since the coordinator needs to register itself with
the dispatcher, we must let the coordinator know
the port used by the dispatcher to receive regis-
tration messages. (It is 9,810 in the above
example.) This port information is specified and
can be changed in the coordinator.cfg file located
in /usr/local/nctuns/etc/.

The second important information for the coordi-
nator to know isthe | P address used by the
dispatcher. If the user is using the single-machine
mode, since the dispatcher and the coordinator are
running on the same machine, the IP address can
be specified as 127.0.0.1, which is the IP address
of the look-back network interface. On the other
hand, if auser isusing the multiple-machine mode
and the dispatcher is running on a remote
machcine, the | P address specified should be the
I P address of that remote machine.

If the settings specified in the coordinator.cfg file
areall correct, then the user can start up the
coordinator now.

4, Start up the nctunsclient:

After dl of the above steps are successfully done,
now the user should beableto launchtheNCTUns
1.0 GUI program (called nctunsclient) success-
fully. This program is also located in
Jusr/local/nctung/bin.

Draw a Topology

After the starting screen of the NCTUns 1.0 disap-
pears, auser will be presented aworking window
as shown below.

=l
5| memem——y RS o
T LT ) et e e YT Y W Yy Eo!

Theinitial working window.

To edit a new network topology, a user can
perform the following steps.

1. Choose File > Operating Mode and make sure
the “Draw Topology” mode is checked.
Actually, thisisthe default mode which the
NCTUns 1.0 will bein when it islaunched.
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|T Draw Topology

Bun Simulatan

Flay Back

Itisimportant to notethat only in thismode, can
auser draw anew network topology (structure)
or change an existing smulation case's
topology. When auser switchesthe modeto the
next mode “ Edit Property”, the simulation
case' s network topology can no longer be
changed. Instead, only devices' properties
(attributes) can be changed at thistime.

The GUI program enforces this rule because
when the mode is switched to the * Edit
Property” mode, for the user’s convenience, it
will automatically generate many settings (e.g.,
an layer-3 interface’ s IP and MAC addresses).
Since the correctness of these settings depends
on the current network topology, if the network
topology gets changed, these settings will
become wrong.

If after editing some devices' properties, the
user would liketo changethe network topol ogy,
he or shewill need to explicitly switch themode
back to the “ Draw Topology” mode. However,
when the mode is switched back to the “ Edit
Property” mode, many settings that were
automatically generated and assigned by the
GUI program will be re-generated automati-
cally by the GUI program. These new settings
may be different from the old settings!

For example, the IP and MAC addresses
automatically assigned to alayer-3 network
interface may have been changed. The user thus
better re-checks the settings for application
programs (traffic generator) that he (she) has
specified while he (she) wasin the “ Edit
Property” mode. Theis because these appli-
cation programs now may use wrong IP
addresses to communicate with their intended
partners.

2. Move the cursor to the toolbar.
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3. Left-Click the router icon ( & ) on the tool bar.

4. Left-Click somewherein the blank working
areato add arouter to the current network
topology (which is empty now).

5. Left-Click the host icon ( # ) on the toolbar.

Like step 4, |et’s add three hosts to the current
topology. The result is shown below.
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6. Now wewant to add links between the hostsand
the router. Left-Click thelink icon (. ) from
the toolbar to select it.

7. Left -Click some host and hold the mouse
button. Drag thislink totherouter. Thenrelease
the mouse | eft button on top of the router.

8. Add the other two links in the same way. Now
our ssimple topology is done.
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9. Remember to save this network topology by
choosing File > Save. For this simple case, we
will save the topology file as“test.tpl”.
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Itisnot necessary to save the network topology
into afilein this mode. A user can also save it
in the “ Edit Property” mode. Depending onin
which mode anetwork topol ogy filewas saved,
when thefileis opened again, its current mode
will be automatically set to the mode when it
was saved.

Editing Nodes' Properties

A network node (device) may have many param-
etersto set. For example, we may want to set the
maximum gueue length of a FIFO queue used
inside a network interface. For another example,
we may want to specify that some application
programs (traffic generators) run on some hosts or
routers to generate network traffic.

Before a user can start editing the properties of
network nodes, he or she should switch the mode
from the “ Draw Topology” to “ Edit Property”
mode. In this mode, topology changes can no
longer be made. That is, a user cannot add or
delete network nodes or links at thistime. If the
user has not given a name to this simulation case,
the GUI program will pop up adialog at thistime
asking the user to specify one.

As explained before, to greatly save the user’s
configuration time, the IP and MAC addresses
used by layer-3 network interfaces are automati-
cally generated and assigned by the GUI program.
In addition, the MAC addresses used by layer-2
network interfaces are automatically generated.
Layer-3 interfaces are used by layer-3 devices
such as hosts, routers, and mobile nodes. Layer-2
interfaces are used by layer-2 devices such as
switches and wireless LAN access points.

11
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The generated | P addresses use the

1.0.subnetl D.hostNumONThisSubnet format,
where subnetI D and hostNumONT hisSubnet are
automatically assigned. Assuch, the NCTUns 1.0
network simulator can alow a simulation case to
have up to 254 subnets (subnet ID 0 and 255 are
excluded for broadcast purposes), each of which
can have up to 254 nodes (hostNum 0 and 255 are
excluded for broadcast purposes). That is, intotal,
254 * 254 = 64,516 nodes can be supported in a
simulation case.

Although in theory the NCTUns 1.0 can support
thislarge number of nodesin asimulation case, in
practice, thisisrarely done. Thisis because each
layer-3interface needsto be simulated by atunnel
interface and currently we create only 4,096
tunnel interfacesin a UNIX machine. So,
precisely speaking, currently the NCTUns 1.0 can
support any simulation case using up to 4,096
layer-3 interfaces. This means that currently the
maximum number of mobile nodesin amobilead
hoc network simulation case cannot excced 4,096.
(Thisis because each mobile node uses a layer-3
interface.)

The used subnet number starts from 1 and
automatically grows upward. The used host
number on a subnet also starts from 1 and
automatically grows upward. If there are ad-hoc
mobile nodes in the network, the subnet ID 1is
reserved and used for the ad-hoc subnet formed by
these ad-hoc mobile nodes. In such a case, the
subnet number used for fixed subnets will start
from 2. On the other hand, if thereis no ad hoc
mobile nodes in the network, the subnet number
used for fixed subnets will start from 1.

Note that the GUI program only automatically
generate and assign | P addresses to ad-hoc mobile
nodes ( % ),and hosts and routers on the fixed
network. For infrastructure mobile nodes (_J¥),
the GUI program does not automatically generate
and assign | P addresses to them.

The reason is that an infrastructure mobile node
needsto use an access point to connect itself tothe
fixed network. To be ableto successfully send and
receive packets to and from the fixed network, the
infrastructure mobile node needs to use an |P
address whose subnet ID isthe ID of the subnet
that the access point belongs to. However, during
the automatic | P generation process, the GUI
program does not know which subnet the user
would like an infrastructure mobile nodeto belong
to. Assuch, the GUI program cannot intelligently
generate and assign an appropriate | P address to
an infrastructure mobile node.

Dueto thereason, thistask thus must be |eft to the
user as his or her responsibility. Beside config-
uring the I P address manually, the user a so needs
to manually configure the gateway |P address for
the infrastructure mobile node. Otherwise, its
packets cannot get forwarded beyond the subnet
that it is attached to. Configuring the gateway P
address can be done in the mobile node' s dialog
box under the “ Wireless Interface” tab.

A user should be aware that if he (she) switches
the mode back to the “ Draw Topology” mode,
when he again switchesthe mode back to the * Edit
Property” mode, nodes' IP and MAC addresses
will be re-generated and assigned to layer-3 inter-



faces. Therefore the application programs (traffic
generator) now may use wrong | P addresses to
communicate with their partner.

Inthismode, sincethe P and MAC addressesand
the port ID of an interface are already automati-
cally generated and assigned, the GUI will
automatically show theseinformation when auser
moves the mouse cursor and placeit over the blue
interface box on the screen for awhile. This can
conveniently let the user see the results of the
automatic |P and MAC address and the port ID
assignments.

Beside automatically generating IP and MAC
addresses (to save auser’ stime), the GUI program
also automatically and silently perform many
tasks for the user. Many of these tasks are
performed underground to automatically correct a
user’s configuration mistakes. Thisisto avoid
generating wrong simulation results or even
causing simulation crashes.

For example, the GUI program will automatically
set the promiscuous mode of the 802.3 MAC
modules that are used inside a switch to ON, no
matter how the user set them. (The promiscuous
mode is default to OFF because the 802.3 MAC
modules used inside hosts and routers need to
filter out unwanted frames.) This ensures that
frames can be forwarded by the switch without
any problem. Otherwise, if the promiscuous mode
is not turned ON, frames will be discarded by the
switch’s 802.3 MAC modules.

Another task that the GUI program does for the

user isto ensure that all interfaces that connect to
a hub uses the hub'’ s bandwidth as their interface
bandwidth and the operating mode of these inter-

faces' 802.3 MAC modules all be set to “ half-
duplex.” Inthe GUI program, a user can indepen-
dently set different bandwidths for different inter-
faces and set @ 802.3 MAC module’' s mode to
either “full-duplex” or “ half-duplex” without
considering whether these interfaces are
connected to a hub. These wrong configurations
surely will generate wrong simulation results and
may even cause crashes. Thiskind of misconfigu-
ration bug is difficult to detect for a careless user.
As such, the GUI program does several under-
ground tasks to save the user’ stime and increase
his (her) productivity.

Y et another task that is automatically done by the
GUI program is that the GUI program will force
the switch module used inside an access point

( &£7) tousethe”“Run_Learning_Bridge” mode,
despite that the user may configure it to use the
“Buildin Advance.” These two modes affect how
the switch forwarding table used inside the switch
module is built. The first method is a dynamic
method while the second is a static method. The
second method works very well for fixed
networks. However, in mobile networks where
mobile nodes move around and change their
associated access points constantly, the static
method will no longer work correctly. To avoid
the user to suffer from unexpected (wrong)
simulation behavior and results, the GUI program
thusautomatically forcesthe switch moduleinside
all access points to use the dynamic
“Run_Learning_Bridge” method to dynamically
build their switch forwarding tables.
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So, in the future when you see that the GUI
program does not honor your settings for some
devices or protocol modules, do not be surprised.
Y ou know that the GUI program is doing this for
your good.

Editing network nodes' properties can be donein
two ways. In the first way, auser can use the
mouse to double-click a network node’sicon. A
dialog box will soon appear inwhich auser can set
parameter values or option values. The following
shows the results of double-clicking the router
icon.

In the second way, a user can use the node editor
to specify the protocol module parameters used
inside a network node. To enter the node editor,
first auser double-clicksthe node' sicon to pop up
its dialog box. Then the user double-clicks the

“node editor” button in the dialog box. The
following shows the popped node editor and the
protocol modules used by the router.

Oneimportant task in the* Edit Property” modeis
to specify which application programs (traffic
generators) will run on which nodes during
simulation to generate network traffic.

Application programs are allowed to run on hosts,
routers and mobile nodes (including both the ad-
hoc and infra-structure modes). Therefore, in
these devices' dialog boxes, thereisan “ Appli-
cation” tab for auser to specify the commandsfor
launching the user’ sdesired application programs.
The following shows the Application tab.
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For example, suppose that a user wants to sets up
agreedy TCP connection between two nodes. He
can specify the invocation command “rtcp -p
8000" onthereceiving node' s Application tab and
specify the command “ stcp-p 8000 1.0.1.2” onthe
sending node’ Application tab. In this case, rtcp
and stcp arethe pre-installed application programs
that greedily send and greedily receive TCP data,
respectively. Also, we assume that the receiving
node has an assigned | P address of 1.0.1.2 and the
rtcp program binds its receiving socket on port
8000.

From the above example, we see that the specified
invocation commands are exactly the same as a

user would typeinaUNIX terminal toinvoke (run
up) these application programs by himself/herself.

For alarge network that has hundreds or
thousands of nodes (hosts, routers, or mobile
nodes), the user can use the GUI' s/Tools/Insert
Applications/ command to read in atraffic config-
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uration file (.tfc). The format of a.tfcfileisthe
same asthe .tfc file exported by the GUI program
for asimulation case when it switchesits mode to
“Run Simulation.”

Normally, a.tfc file used in such acaseis
generated by a script or a program written by the
user. Each traffic generator (i.e., application
program) command string specified in the .tfc file
will be put to the Applicationstab of the specified
node. This operation can greatly save alot time
because now the user need not invoke each node’ s
dialog box individually. The following shows
where this command is located.

hdohile nodes b

Insert Applications

Plot Graph

Running the simulation

When a user finishes editing the properties of
network nodes and setting up application
programs, he or she can start to run the simulation.
In order to do so, the user must switch the mode
explicitly from “ Edit Property” to “Run
Simulation.” Entering this mode indicates that no
more changes can (should) be made to the
simulation case, which is reasonable. The
simulation is about to be started. At this moment,
of course any of its settings should be fixed.
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Whenever the mode is switched into the “ Run
Simulation” mode, the ssimulation files that
describe the simulation case will be exported.
These simulation files will be transferred to the
(remote or local) simulation server for it to
execute the simulation. These files are stored in
the “mainFileName.sm” directory, where
mainFileName is the name of thissimulation case
chosen in the “ Draw Topology” mode.

For example, if the topology file is named
“test.tpl,” these exported simulation files are
stored in adirectory named “test.sim.” Among
these exported files, the test.tcl file stores the
configuration of every node’ s protocol stack. This
fileisvery important and should always goeswith
the test.tpl file. For example, if auser wants to
move (or copy) asimulation case from one place
to another place in afile system, he (she) must
move (or copy) the .tpl and .tcl files at the same
time. Otherwise, themoved (or copied) simulation
case cannot be successfully reloaded. For this
particular example, he (she) must move test.tpl
and test.sim/test.tcl at the same time.

Besidethe“.sim” directory, a directory named
“mainFileName.results’ is also created. This
directory will store the generated simulation
results when they are transferred back to the GUI
program after the smulation is done.

It isimportant to note that before a user runsa
simulation case, he or she can still switch the
mode back to the “ Edit Topology” or even the
“Draw Topology” mode to change any setting of
the simulation case. However, when the modeiis

switched back into the “ Run Simulation” mode,
all simulation files will be re-exported to reflect
the most recent settings.

Before a user runs asimulation, he or she must
make sure that the dispatcher and coordinator are
already running. Suppose that the user uses the
single-machine mode of the NCTUns 1.0, he (she)
will have to run up the dispatcher and coordinator
programs first. The following procedure assumes
that the user uses the “ single-machine” mode. If
the user uses the multiple-machine mode to use a
simulation service center that is already set up by
some person or institute, he (she) can skip the
following two steps.

1. Run the “ dispatcher” program located in
Jusr/local/nctuns/nctuns/bin

2. Run the “ coordinator” program located in
{usr/local/nctung/bin. The default values of the
parameters needed by this program isstored in
lusr/local/nctung/etc/coordinator.cfg.

Now we need to let the GUI program know the P
address and port number used by the dispatcher.
The user should configure these settings by
invoking the Setting > Dispatcher command. The
following shows the popped-up dialog box.
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The default port number is 9,800. If the user is
using the single-machine mode, the IP address can
be specified as 127.0.0.1. The user name and
password must be valid. For the single-machine
mode, they are the user’s account on this local
machine. For the multiple-machine mode, they are
the user’ s account on the remote dispatcher
machine.

During smulation (i.e., when the simulation is not
finished yet), the result files generated by the
simulation engine are stored in the home directory
of the provided user account. Hence, thisinfor-
mation must be correct and valid. Otherwise, the
GUI program will crash due to access permission
error. Specifying the email address is not
necessary. However, if thisinformationis
provided, a remote dispatcher will send back a
notice email to the user when the user’s
background job isfinished in its simulation
service center.

Since we have made a complete simulation case
and we are sure that the dispatcher and coordinator
are ready, we can now proceed to run the
simulation.

1 Choose File > Operation Mode. And check
“Run Simulation”.

i TR .
000 00 000 S0 g G R B ] TR

2 Choose Simulation > Run. Executing this
command will cause the current simulation job
to be submitted to one available simulation
server managed by the dispatcher.

T — e (3, | B W PR

3 When the simulation server is executing, the
user can see the time bar at the bottom moves.
Thetime bar will reflect the current virtual time
(progress) of the simulation case.

17
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Playing Back the Packet Transfers

After the simulation is finished, the ssimulation
server will send back the simulation result filesto
the GUI program. After receiving thesefiles, the
GUI program will storethesefilesinthe“.results’
directory. It then automatically switchesto the
“Play Back” mode.

To save the network bandwidth required for trans-
ferring these huge file across a network
(especially across the slow Internet), these result
files are tarred (using the tar command) and
gzipped (using the gzip command) into atar ball
before being sent to the GUI program. This can
effectively reduce the bandwidth usage by afactor
of 10 or above. After receiving the tar ball, the
GUI program needsto untar and ungzip thetar ball
before using these files. As such, auser may
experience some delay of up to afew seconds
(depending on the maching’ s speed) without any
progress update on the screen. At thismoment, the
user needs to be patient.

These files include a packet animation trace file
and al log filesthat the user specified to generate
whilein the “ Edit Property” mode. The packet
animation trace file can be replayed later by the
packet animation player while the performance
curve of these log files can be plotted by the
performance monitor. Details about the animation
player and the performance monitor will be
explained in later chapters.

For this simple case, the packet animation trace
fileis named “test.ptr,” which usesthe main file
name of our topology file-- “test.tpl.” The.ptrisa

logged packet transfer tracefile. Itsanimation can
be played by the animation player at any specified
speed.

When the GUI program has untarred and
ungzipped the ptr animation log file, it automati-
caly switches to the “ Play Back” mode. In this
mode, the control buttons of the time bar located
at the bottom of the screen can be used to
play/stop/pause/continue/jump forward/jump
backward/intelligently jump forward the
animation. The user can also directly move the
time knot to his’her desired time to see the packet
transfers occurring at that time.

For example, the user can left-click the start icon
(> ) of thetime bar located at the bottom. The
animation player then will start playing the
recorded packet animation.

The following shows these control buttons.

QA [ > 1] m P

Thefollowing showsthe animation player wheniit
is playing an animation log file.
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While the packet animation player isrunning, the
user can also launch the performance monitor to
plot performance curves of logged performance
metrics over time. For example, a TCP
connection’ s achieved throughput or alink’s utili-
zation. Thetime used by the performance monitor
and the packet animation player are synchronized
with each other. The following shows the perfor-
mance monitor while it is plotting a performance
curve.
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At this stage, the whole process of using the
NCTUns 1.0 network simulator to perform a
simulation case study is over. The user may quit
the GUI program at thistime while leaving the
dispatcher and coordinator program running inthe
background.

Post Analyses

Later on when the user wants to review the
simulation results of a simulation case that has
been finished before, he can run up the GUI
program and then open the case’ s topology file.

=R N T B

The user then can switch the mode directly to the
“Play Back” mode. The GUI program then will
automatically reload the simulation results (the
animation fileand performanceplotting logfiles.).
Because the animation file size is usually very
large, thisloading process may take awhile.

After theloading is finished, the user can use the
control buttons|ocated at the bottom of the screen
to view theanimation, just like what he/she would
do when asimulation job is done.

19
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Simulation commands

After running up asimulation and beforeitis
finished, auser can have control over its
execution. Job control commands are grouped in
Menu > Simulation. The following will explain
the meaning of each job control command.

« Run: Start to run the simulation
+ Pause: Pause the currently-running simulation

« Continue: Continue the simulation that was just
paused

« Stop: Stop the currently-running simulation

« Abort: Abort the currently-running simulation.
The difference between “ Stop” and “ Abort” is
that a stopped simulation job’s results will be
transferred back to the GUI program. However,
an aborted simulation job’ s results will not be
transferred back. They will be immediately
deleted on the simulation server to save disk
space.

Reconnect: the Reconnect command can be
executed to reconnect to a simulation job that
was previously disconnected. All disconnected
jobs that have not finished their simulations or
have finished their simulations but their results
have not been retrieved back to the GUI program
by the user will appear in asession table. When
executing the* Reconnect” command, auser can
choose adisconnected job to reconnect fromthis
session table.

Disconnect: Disconnect the GUI from the
currently-running simulation job.The GUI now
can be used to service another simulation job. A
disconnected simulation job will be given a
session name and stored in a session table.

« Submit: Submit ajob to the dispatcher without
first running it in the GUI then immediately
disconnecting it. Itsnet effect isthe same asfirst
running a simulation job and then immediately
disconnect the GUI program from it. A job
submitted in thisway is called a* background”
job. It does not need the GUI’ s support (or
occupy the GUI) whileitssimulationisongoing.
A background job may wait in the dispatcher’s
job queueif currently there is no available
simulation server to service this job. Whenever
asimulation server becomesavailable, on behal f
of the GUI program that submitted this
background job, the dispatcher will automati-
caly start the background job’ s execution on
that simulation server.

Remote File Management

If the GUI user uses the NCTUns 1.0 network
simulator’ s multiple-machine mode (e.g.,
submitting hisor her jobsto the simulation service
center located at NCTU), since the machine on
which the GUI program runsis different from the
machine on which the simulation server running
this simulation runs, the generated simulation
results will temporarily be stored on the remote
simulation server.

By default, the files generated on asimulation
server will be automatically deleted after they are
automatically transferred back to the GUI
program. Such a design is to save disk space.

However, in somenormal casesresult filesmay be
generated and temporarily left on the remote
simulation machine. For example, the results of a
background job that is finished are |eft on the



remote machine. In some abnormal cases, result
files can also be left on the remote machine. For
example, the GUI machine is accidentally
powered off. Due to these reasons, the GUI
program provides the File > Remote File
Management command command for a user to
clean up unused files stored on aremote server.

If the user is using the single-machine mode, the
user can aso do the clean-up without executing
this command. He (she) can directly process the
files stored in the .nctuns/coordinator/workdir
located in his (her) home directory.

Background Job Management

As explained before, a background jobisajob
submitted by executing the “ Submit” command.
After being submitted, abackground job may wait
in the dispatcher’s job queue waiting for an
available smulation server to serviceit, being
currently executed by asimulation server , or may
have finished its simulation. Depending on which
state a background job is currently in, a user can
use appropriate commands to either cancel it,
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reconnect to it, or retrieve its ssmulation results.
Thisfunction is provided by the File >
Background Job Management command.

Summary

Inthischapter, we present how to usetheNCTUns
1.0 network simulator to quickly build a
simulation case. The package installation process
and initial environment configuration are covered
in detail. We also provide a quick tour to help
users learn how to run up his or her smulation
caseright away.

In later chapters, the functions and capabilities of
the GUI program will be explained in more detail.
In the next chapter, we will begin with the
topology editor.
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Topology Editor

first step toward running asimulation.

It's an easy job through the use of the

topology editor of NCTUns 1.0. The
topology editor not only provides friendly GUI
but also provides various attribute dialogs. The
following steps will show you how to build a
network topology quickly.

B uilding a new network topology isthe

Four Modesin Topology Editor

M enu->File->Operating M ode->Draw Topology,
Edit Property, Run simulation, Play Back)

|T Draws Topology

Bun Simulaton

Elay Back

Four modes exist in the NCTUns 1.0 network
simulator. A user must switch the mode at proper
times to make the topology editor work correctly.

Mode 1: Draw Topology. In this mode, a user can
add new nodes or links. He (she) can aso delete
nodes or links.

Mode 2: Edit Property. In this mode, a user can
edit the property of any node and specify the appli-
cation programs that will run on some particular

nodes during simulation. However, inthismode, a
user can no longer change the topology of the
network fixed in mode 1.

Mode 3: Run simulation. In this mode, auser can
run/pause/continue/stop/abort/di sconnect/reconne
ct asimulation in this mode. No simulation
settings can be changed in this mode.

Mode 4: Play Back. After asimulation isfinished,
the *.ptr packet animation trace file will be
automatically sent back to the GUI program. The
GUI program will then automatically enter into
mode 4.

Adding Nodeswith Tool Bar

Thereare severa typesof network deviceiconson
thetool bar, including host ,hub &= , router
& . switch [ , accesspoint &% , mobile
node (ad hoc mode) % , and mobiie node (infra-
structure mode) _ 4 . A user could choose a
device for insertion by clicking the mouse | eft
button on it. He (she) then can move the mouse
cursor to alocation in the working area and then
click again to place the chosen device on the
current position of the cursor. The following
shows the topology after auser has put some node
in the working area.



AN

)

*
3

Of course, anetwork topology consists of not only
nodes but also links between them. Links also can
be added to the network topology very easily. A
user can click thelink icon f-*" , move the cursor
to one device node, click the device node to fix
oneend of thelink, drag the link to another device
node, then click the selected node to fix the other
end of thelink. The user can seethat astraight line
between the two sel ected nodesis established. The
following shows the topology after the user has
placed several linksin theworking areato connect
these nodes together.

When nodesand links are added or deleted toform
anetwork topology, anode's ID and the ID of its
ports (interfaces) will be automatically assigned
and adjusted by the GUI program. The GUI
program will re-number each node’s 1D when any
node is deleted from the topology to make sure
that node 1Ds are continuously numbered. For a
node, when one of itslink is deleted, the GUI
program will also re-number the ID of all of its
ports (interface) to make sure that port | Ds start at
1 and are continuously numbered inside a node.

To clearly see where amobile node has moved to,
anode’ s D isdisplayed next to itsicon on the
screen at all time. A port (interface) of anodeis
represented by ablue box. When the user switches
the mode to the “ Edit Property” mode, alayer-3
port’s 1P and MAC addresses will be automati-
cally generated and assigned. In this mode, if the
user moves the mouse cursor and placeit over the
blue box for awhile, the port’ s information (port
ID and IP address) will be shown on the screen.
Note that the information shown for alayer-1 port
(e.g., ahub port) or layer-2 port (e.g., aswitch
port) contains only the port ID information. This
because these ports do not have I P addresses
assigned to them. The above picture shows that
each interface is represented by a blue box.

Inareal network environment, amobile node has
its own moving path. To specify a mobile node's
moving path, auser canfirst click theicon L‘ij on
thetool bar. He (she) then clicks the mobile node
and start dragging and dropping repeatedly to
construct its whole moving path. This operation
continues until the user clicks the mouse right
button.
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A moving path is composed of a sequence of
turning points and segments. After amoving path
is constructed, any of its turning points can be
moved to any place to adjust the shape of the path.
Each turning point isrepresented by agrey dashed
square box and contains the (X-loc, Y-loc, arriva
time, pause time, speed to the next point) infor-
mation. This information can be changed by
double-clicking the box. When amobile node is
moving from one point to the next point (i.e.,
moving on a segment), its moving speed is fixed.

There are some other useful tools on the tool bar.
They areselect =, delete |, ruler 7|,
zoom in and zoom out @ @ - The operation of
theruler isthe same as setting up alink between
two device nodes. A message box will show up
telling the distance (in meter) between the selected
two nodes. It is primarily used to place mobile
nodes and access points at proper locations so that
their wireless signals can or cannot reach each
other as planned.

Editing the attributes of Nodes

After nodes are added, a user can enter mode 2 to
set the detailed attributes of any node by double-
clicking itsicon.

Here are some common attribute tabs shared by
many kinds of devices.
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Under the [Application] tab, a user can specify
which application program to run on thisnode. He
(she) can put the command string into the
“command” field. In addition to the command
string, the start, stop time, and argument of the
specified command program can also be set.

_ walsr

About the [Down time] tab, a user can set the
durations during which the node is down (cannot
send or receive any packet). The down time
periods configured herewill be propagated and set



inthe Phy (or WPhy) module of each of thenode's
interface. Thisis because the Phy (or Wphy)
modules aretheright placeto disable or enablethe
transmission or reception of packets.

To turn down only an interface but not all inter-
faces of anode, a user can open the node’ s node
editor, doubleclick that interface’ s Phy (or Wphy)
module, and then enableits“ Link Failure” option
to set the down times for that particular interface.
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the Phy module in the node editor.

Notethat auser can also set the down time periods
of alink. By double-clicking alink, alink attribute
dialog will show up. In the dialog, a user can set
the link’ s bandwidth, signal propagation delay,
bit-error-rate (BER) and down time periods for
each direction of the link. The picture below
shows the link property editing dialog box.

The link property setting dialog

The down time period information will be propa-
gated to and be set in the Phy (or Wphy) module
of the two nodes that connect to thislink.
Therefore, the down time periods set in an
interface’s Phy (or Wphy) module actualy isthe
union of the down time of the node to which this
interface belongs and the down time of thelink to
which this interface connects.

Besidethe down timeinformation, other attributes
of alink are also propagated to the appropriate
modules of the two nodesthat connect to thislink.
For example, the bandwidth, signal propagation
delay, and BER are all propagated and set in these
Phy (or Wphy) modules. It is worth noting that
thisautomatic link parameter propagation process
will override the settings specified by the user in
the node editor for these Phy (or Wphy) modules.
The GUI program adopts this design becauseitis
more intuitive and natural to set alink’ s attributes
by double-clicking it. Individually invoking the
node editors of the two nodes that are at the ends
of alink to set the link parametersislessintuitive
and natural.
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[Command consol€] is equipped by Host, Router,
and Mobile Nodes. This function is enabled only
whenasimulationiscurrently running. A user can
use this console to log into the current node (the
node whose dialog box is shown right now). A
xterm terminal window will appear. In this
terminal window, auser can run the tcpdump
program to capture packets passing through one of
this node’ sinterface.

For arouter, suppose that the user wantsto capture
the packets flowing through one of its interfaces.
Further assume that this particular interfaceis
configured with 1.0.2.3 |P address. The user can
first typein “ifconfig -a&” command to find out the
information about all of the router’ sinterfaces.
From the output, the user can find the name of the
desired interfacewhichisconfigured with 1.0.2.3.
In the NCTUns 1.0 network simulator, an
interface’s nameisin the fxpXXX format, where
XXX istheinterface s port ID. After finding the
name of the desired interface, the user now can
type in the following command “tcpdump -i
fXpXX X" to launch the tcpdump program.
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command console login screen

The command consoleis avery useful feature. A
user can al so usethisconsoleto launch application
programs at run-time to generate traffic. For
example, whilethe simulation is running, the user
can open a sending node’ s command console to
launch the “ stcp -p 8000 1.0.1.2" program and
open areceiving node's command console to
launch the“ rtcp -p 8000" program, assuming here
that the receiving node has an interface configured
with 1.0.1.2.

In addition, executing the ping command in a
command console is also very useful. Thisis
because doing this can hel p auser find whether the
routing path between two nodesis correctly set up
during simulation.

Beside the above shared tabs, each device has its
own ones that will be presented below.
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Because every port of a hub must use the same
bandwidth. A field is provided here to set up the
hub’ s bandwidth.

« Router
F_?.HEI
Frulsr 0 r_ W ToTERs

Rading | appsoacn | pews tse |

Ik tomain mrding febbe
Al

£ [Fain iniweg InEm __J =
o= |

F Buid i shvares

j Huda sy | K CmncH

In thisdialog, auser can specify whether routers
should run routing daemons (e.g., RIP, OSPF) to
construct their routing tables or their routing
tables should be calculated in advance by the GUI
program. Run-time routing table content lookup
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can aso be performed by clicking the “ Show
routing table” button when asimulationis

running.

+ Switch
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Under the [wireless interface] tab, a user can
examine the interface attributes (e.g., the used
frequency channel and the wireless signal trans-
mission range).



28

« Mobile Node (Ad hoc and Infrastructure mode)
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A powerful and flexible configuration dialog box
is provided for mobile nodes.

Under [Path] tab, the moving speed, position (X,
Y) of each turning waypoint, pause time during
which mobile node stays at the current turning
waypoint can be configured.

Note that two methods of adding new waypoints
are provided here. “ Keep moving speed” will
calculate the arrival time of the next point by the
current default speed and the distance between the

current and next points. On the other hand, “ Keep
arrival time” will calculate the needed speed based
on the arrival time of the next point and the
distance between the current and next points.

To generate random waypoint paths, two methods
are provided. A user can ask the GUI program to

generate random waypoints on the fly. He or she

can aso import the path from afile. The user can
also export the mobile node’ s current moving path
to afilefor later uses.

Under [Single-hop connectivity] tab, the GUI
program will calculate and list when a mobile
node other than the current one can and cannot be
reached by the current mobile node in its single-
hop transmission range. On the other hand, under
[Multi-hop connectivity] tab, the GUI will
calculate and list when a mobile node other than
the current one can and cannot be reached by the
current mobile node in multiple hops, through the
help of the ad doc mode forwarding. These two
functions are provided for research results
comparison purposes. Thisisbecausetheir results
represents the most accurate and most optimal
routing paths that only “ God” can achieve at any
time.

Advanced method to add Mobile Nodes

Beside the simple way to click the mouse to add
one mobile node at one time, there are several
other methods that can be used to add multiple
mobile nodes at one time.

Insert Mobile Nodes



Multiple mobile nodes that use the same protocol
stack and parameter settings could be added by a
user a the sametime. Thisisvery convenient and
efficient for auser. The following is an effective

way to add alarge number of mobile nodes. The

generated mobile nodes can be placed at random

positions or can be placed in an m*n mobile node
array.

It isworth reminding that before generating a
large number of mobile nodes that use a protocol
stack other than the default one, the user better
first invokes the node editor in this dialog to
specify the protocol stack used by them. If this
operation is not done before generating a large
number of nodes, the user later will suffer from
invoking all mobile nodes' node editors to
configure their protocol stacks. Thiswould be a
pain!

— Insert mohile nodes array
— Top-left position

% |a0 ¥ [an
— Dimengion
Rows # |1
Column # |1
— Mode spacing
200 meter
— Protocol stack ——————
Mode editor |
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Import/Export all moving paths from/to file

This operation saves/|oads mobile nodes’ moving
paths into/from a*.mdt file. It’'s convenient for a
user to save mobile nodes’ current moving paths
to afile and later reload and reuse them.

Generate Random Waypaints

Therearetwo waysto help auser generate random
waypoints. Thefirst one is to generate the next
waypoint randomly for each mobile node. When
the user clicks the button, one more random
waypoint will be generated for every mobile node.
The user can press the button continuously to
continuously generate more random waypoints.

Generate the next point

The other way isto automatically generate
random waypoints until the specified timein
virtual time (e.g., 10 sec) has elapsed.

a sequence of points until ID sec

GenerateInfrastructure Node | P and Mac
Addresses

This command can automatically generate |P and
MAC addresses for alarge number of infra-
structure mode mobile nodes. In the “ Getting
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Started” Chapter, we mentioned that the GUI
program will not automatically generate and
assign | P addresses to an infrastructure mode
mobile node because it does not know to which
subnet that infrastructure mode mobile node
should belong.

However, to save the user alot time spent on
manually assigning | P addressesto alarge number
of infrastructure mode mobile nodes, the GUI
program still provides this function here. If the
user knows to which subnet a group of infra-
structure mode mobile nodes should belong (i.e.,
the subnet D), he or she can use this function to
insert a group of infrastructure mode mobile
nodes, with their |P addresses automatically
assigned.

Note that when you want to automatically
generate | P addresses for infrastructure mode
mobile nodes, the total number of these nodes
must not exceed 255. Otherwise, the 255 |P
addresses on the specified subnet will be used up
and will not be sufficient for all of these nodes.

Remove All Moving Paths

Executing this command can delete all mobile
nodes’ moving paths. Thiswill give the user a
clean working area to start with.

Enter See Movement Mode

When studying a mobile wirel ess network
problem, a user usually needs to specify many
mobile nodes’ moving paths in such away that

their wireless signals can reach or cannot reach
each other at particular times or at particular
locations.

To help auser do thistedious job, theruler tool is
provided by which auser can measure the distance
between two nodes.

To further help the user, the GUI program
provides the “ See Mobile Node Movement”
mode. In thismode, mobile nodeswill moveaong
their moving paths over time and ared line
(connectivity indication) will show up between
two mobile nodes whenever their wireless signals
can reach each other. Thisway, the user can easily
see whether his or her mobile path configurations
really match his or her expectations.

To enter this mode, a user can simple check this
mode. Then the user can use the control buttons of
the time bar located at the bottom of the screen to
control the progress. To leave this mode, the user
can simply check this mode again.

When amobile node starts moving in thismode, a
green box will appear on the screen to indicate its
current location. To have aclear view of thefield,
the user can choose not to display these mobile
nodes’ moving paths and their icons. How to
change these settings are explained below.

Change View of the Mobile Node

M enu->Setting->M obile node->show-moving-path
flag

Thiscommand can turn on/off aflag to display/not
to display the moving path of each mobile node.



M enu->Setting->M obile node->show-transmission-
rangeflag

Thiscommand can turn on/off aflag to display/not
to display the transmission range (the default
value is 250 meters) of each mobile node.

M enu->Setting->M obile node->show inter ference
rangeflag
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This command can turn on/off aflag to display/
not to display the interference range (the default
value is 550 meters) of each mobile node.
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M enu->Setting->M obile node->show connectivity
flag

Thiscommand can turn on/off aflag to display/not
to display the connectivity indication. A shown
red line between two nodes is the connectivity
indication. When ared lineis shown, it means that
the two nodes connected by it are in the trans-
mission range of each other.
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M enu->Setting->M obile node->show mobile-node
flag

Thiscommand can turn on/off aflag to display/not
to display the mobile node' sicon. Doing this can
clean the working area.

M enu->Setting->connectivity color

This command sets the color used by the connec-
tivity indication line. Each different frequency
channel can use a different color. During a
simulation, different mobile nodes may be
configured to use different frequency channels.
Using different colorsfor different frequency

channels enables a user to easily distinguish them.

M enu->Setting->wir eless Frame color

This command sets the colors used by various
wirelessframes. Each different frequency channel
can have a different color scheme. Thisis useful
when the packet animation player is running.

File manipulation

Menu->File->New

Close the current simulation case and clear the
working areafor anew case.

M enu->File->Open(, Save, Save as)

Save the current simulation case’ s topology and
node configurationsinto the .tpl and .tcl file,
respectively. This case can later be reloaded.

Menu->File->Print to File

The graph shown on the screen can be saved to a
*.bmp file for printing purposes.

M enu->File->Remote File M anagement

Files generated at remote simulation servers can
be retrieved or deleted by this function.

M enu->File->Background Job M anagement

Any background job submitted to the dispatcher
can be manipulated here. They can be deleted,
stopped, aborted, or retrieved.

Setting the smulation
M enu->Setting->Dispatcher

Job disptchar

IF addness W Iﬁ W IF Prort W
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]

the dispatcher setting dialog

Thisdialog setsup the | P address and port number
used by the dispatcher. The GUI user’slogin
account and password for using the remote
simulation server should & so be entered here. Itis
VERY important that the account name of the
GUI user used on the local GUI machine and that
used on the remote simulation server should be
exactly the same. Otherwise, the network
simulator cannot work correctly. For the single-
machine mode, the user name specified here
MUST be the same user account name by which
the user logs into this local machine. Otherwise,
the simulation cannot run correctly.



If the user is using the single-machine mode, the
I P address entered here can be 127.0.0.1 (the IP
address of the loopback interface) and the port
number must be the same asthe CLIENT_PORT
specified in the dispatcher.cfg

M enu->Setting->Simulation
the simulation setting dialog
Under [Simulation] tab, the total simulation time

invirtual time and the maximum of X,Y,Z coordi-
nates should be specified.
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Cancel |

Under [Speed] tab, the tick time and simulation
speed can be specified. Note: The GUI user is
discouraged to change these settings. Right now,
for the betaversion, only the“ As Fast As
Possible” mode is supported.

Smutstin | Speed | GU | Syeten comnznd |
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Under [GUI] tab, the ratio of meter/pixel can be
specified.
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Under [System command)] tab, to-be-executed
system commands and their output file names can
be specified here. A system command isa
command that, when executed, will get or set an
object’ s value at a specified time. The output of
the command will be saved to the specified output
file, which will later betransfered back to the GUI
program when the simulation is finished.

In addition to getting/setting a single object’s
value, the values of all objects of the same kind
can be get or set at the same time to take a global
snapshot of the network. For example, this
function can be used to take the snapshot of the
current routing tables of all routers. This global
snapshot information can help aresearcher study
the convergence of arouting protocol.

— ik = e
Simdalion | Speed | GU | Syshn command |
Tirie | Command | cutpin 11z nar
n | 3
Camg | roany | Dkt I

0K Cancel

Time: the starting time for triggering this
command

Command: the system command string

Output file name: the name of the output file

The system commands provided by the NCTUns
1.0 network simulator are listed below. Their
syntax and meanings are also presented below.

Set: set avalue to avariablein amodule
Set {node} {port} {module} {tag} {value}
Get: get the value of avariable from amodule
Get { node} {port} {module} {tag}

GetAll: like Get, but get the requested variable's
valuefromthesamemodulesused in all portsof
all nodes

GetAll {module} {tag}

Note that atag is a string associated with a
particular variable declared and used in a protocol
module. A variable here can be asingle-value
variable (e.g., a FIFO queue' s maximum queue
length) or a multi-column multi-row table (e.g., a
switch table that has multiple [IP address, MAC
address] mapping entries). It is the protocol
module developer’s job to write a command()
function in his (her) moduleto recognize atag and
get/set the value of its corresponding variable.
More information about the get/set command can
be found in the “ Module Developer Manual.”



Running the smulation

Bun

Fause

Continue

Aboart
Reconnect »
Disconnect
Submit

the simulation command list

M enu->Simulation->Run(, Pause, Continue, Stop,
Abort)

After auser switchesto mode 3, the user can start
running the simulation by executing commandsin
this group.

NCTUns 1.0 has a convenient way to handle the
progress of asimulation. These job control
commands are “ Pause*, “ Continue”, ” Stop”,

" Abort.”

M enu->Simulation->Reconnect(, Disconnect)

A user can disconnect the GUI from a currently-
running simulation job. Doing this allows him
(her) to quit the GUI program to do other things.
He (she) can come back later, restart the GUI
program, and then reconnect to the disconnected
simulation job.

M enu->Simulation->Submit

A user can directly submit asimulation job to the
dispatcher for execution. Its effect isthe same as
first running up the simulation and then immedi-
ately disconnecting the GUI from the just
launched simulation job.

Playing back the Packet Animation

Handle animation by Tool Bar at the bottom

Q Q|14 Il mpiEw I 3

When asimulation is completed, the GUI system
automatically enters mode 4. In this mode, the
toolbar at the bottom can control the progress of
the play of a packet animation trace.

The 20fps (frames-per-sec) selection box can
control the displayed animation quality. The
100% selection box can control the display speed
of the animation. To speed up the animation, a
user can set it to 1000% or alarger value.

The knot of the time bar can be dragged to any
location to jump directly to adesired time. When
thetimebar ismoving, al the control buttonshave
their own functions.
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The packet animation player can be used as an
independent tool. If a user wants to see the
animation of a simulation case whose simulation
had been finished long time ago and does not want
to re-run the smulation, he (she) can switch the
mode directly to mode 4 after reloading the case.
The user then can play the animationimmediately.

Summary

Thetopology editor providesauser withafriendly
and easy-to-use interface. Through thisinterface,
auser can build network topol ogies and specify
application programs quickly. A user can aso
easily add, delete, and configure different network
devices.



Node Editor

he node editor provides a convenient
environment for flexibly configuring the
protocol modules used inside a network
node. By using thistool, auser can easily
add, delete or replace a module with his’her own
module to test the performance of a new protocol.

Protocol Module Concept

A protocol module usually implements a
particular protocol such as ARP or a particular
function such asthe FIFO packet scheduling disci-
pline. In the node editor, al modules that are
grouped in the same module group (displayed at
thetop of the node editor) share similar properties.
For example, in the 802.11 MAC group, we may
have one module called “802.11IMAC” while
another may be called “my802.11MAC.”

The NCTUns 1.0 network simulator provides
several pre-developed protocol modules. Users
can add new protocol modules to the node editor
or replace some existing modules with his or her
own ones. For example, in the PSBM (packet
scheduling and buffer management) module
group, three modules (FIFO, Random-Early-
Detection, Deficit-Round-Robin) are currently
supported. A user may add one new PSBM
module such as the RIO module to it.

Detailed information on how to add a new
protocol moduleto both the simulation engineand
the node editor isdocumented inthe“ NCTUns 1.0
Moduel Writer Manual.”

Screen Layout Explanation

The following will briefly explain the screen
layout of the node editor. To see the node editor,
in the topology editor a user first switchesthe
modeto the“ Edit Property” mode by checking the
File > Operation Mode > Edit Property command.
Then he (she) can double-click anodethat he (she)
wants to edit. After the node’ s dialog box shows
up, the user can then press the “ Node editor”
button to invoke the node editor to edit that node’ s

protocol modules.

N T R e e e

The node editor screen shot
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At the top of the node editor are various module
groups. The protocol modulesthat share the same
rolein aprotocol stack are grouped together under
the same group name.

In the middle working area, the protocol modules
used by this node will be shown. Here, a chain of
protocol modules represent the protocol stack
used by a port (interface). The user can use the
mouse to easily add, delete, or replace protocol
modules in the working area.

At the bottom are several control buttons. The
“Cancel” button discards all changes that have
been made to this node's protocol modules. The
“OK” button accepts all of the changes made so
far. The“Undo” button removes the effect of the
last delete operation. (Note: only the LAST delete
operation can be undone.) The “ Redraw” button
re-layouts the protocol modules so that they look
nice when shown on the screen. (Thisis particular
useful after auser performsthe insert or delete
operation.)

The Copy-To-All-Port (CTAP) button copies the
values of the currently selected modul€' s param-
etersto the same modulesin al ports of this node
The Copy-To-All-Node (CTAN) button does the
similar job. However, it copies the values to the
samemodulesinall portsof al nodesinthewhole
network.

The“X” button means “ delete.” After pressing
this button, now the node editor’ s mode entersthe
“delete’” mode. From now on, whenever the user
usesthe mouseto | eft-click amoduleor alink, that
object will bedeleted. The“ Arrow” button means
“select.” After pressing this button, now the node
editor’ smode entersthe select” mode. From now

on, the user can move a protocol module to any
desired place. The user can also choose a module
from the top module groups, insert and placeit in
the middle working area.

Operations
Insert / Delete/ Replace a module

As an example, here we demonstrate how to
replace a FIFO module with a RED module.

Step 0: Theinitial protocol modulechainisshown
asfollows.

s

]
1
]

-

Step 1: Then we choose the RED module from the
top and placeit in the middle working area. The
resulting screen is shown below.



Step 2: Then we delete the FIFO module. The

result is shown below.

o | e | |
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Step 4: Then we link modules together. To link
two modules together, a user performs the same
operation as he (she) does when placing alink
between two nodes in the topology editor. At the
top and bottom of a module, thereis a small box.
A link must start and end on these small boxes.
After linking up modules, the result is shown
below.

Step 5. Since the job is finished, now we redraw
the node editor to make it look beautiful. The
result is shown below.
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View Module Parameters

Toview amodul€’ sparameters, auser can double-
click amodule. Then, itsmodule parameter dialog
will appear. The following shows the parameter
dialog of the ARP module.

’ — Parameters Setting

— &RP hode

Flush Time Interval |30IJIZI {mg)

" Build ARP Tahle In Advance

=

o | ]

File Mame |testBstiyun.N5_P1.arp

- Run Time Query

Create Your Own Module

The NCTUns 1.0 provides a simple method for a
user to add a new module to the node editor.
Detailed procedure is documented in the
“NCTUns 1.0 Module Writer Manual.” Herelet's
take the ARP module to briefly describe it.

Suppose that we want to replace the built-in ARP
module with ours, then we can use the following
stepsto doit.

Define a modul €' s Parameters

To let the node editor know that anew module has
been added to the node editor, the user must add
and place the definition of the moduleinto a
module description file (mdf.cfg). To understand
the detailed format and meanings of the module
description file, readers should refer to that file
stored in /usr/local/nctuns/etc and the “NCTUns
1.0 Module Writer Manual.”

(1) parameter attribute

“local”: meansthat this parameter isused only in
this module. Its value, if updated, should not be
copied to other modules of the same kind.

“global”: means that this parameter’svalue, if
updated, should be automatically copied to al
other modulesin the network of the same kind.

“autogen” : meansthat the parameter’ s value will
be automatically generated and determined by the
GUI program. Examplesincludethe IPand MAC
addresses.

“autogendonotsave’: thisisvery similar to
“autogen” except that there will be variable substi-
tutions when evaluating the parameter’s value.



Beside, since its value is automatically generated
based on aformula, any change made by the user
will not be saved.

(2) $CASES, $NID$, $PID$ variable substi-
tution

Normally, an autogendonotsave parameter’ svalue
isaformulaconsisting of the following variables.

$CASES: will be replaced with the main file
name. For example, if asimulation case's
topology fileis saved as “test.tpl”, then SCASES$
will be replace with “test.”

$NID$: will bereplaced with the D of thenodeto
which this module is attached.

$PID$: will be replaced with the 1D of the port to
which this module is attached.

When the parameter’ svalueis evaluated, variable
substitutions will occur.

Example:

Suppose that the saved topology file nameis
testArp.tpl. Further suppose that an ARP module
isinanode with ID being 5 and in a port with ID
being 1. Suppose that a user setsthe ArpTable-
FileNameto “ $CASES.N$NID$ P$PIDS$.arp
autogendonotsave” . Then when this parameter is
evaluated, its value will become
“testArp.N5_Pl.arp.” Thevalue of aparameter of
this kind will always be automatically re-
generated by the GUI program. A user cannot
changeits value and saveit.

Summary
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In this chapter, we present the concept of protocol
modules and the node editor. The node editor isan
environment in which a user can flexibly
configure the protocol stack and parameter values
used inside anode. The NCTUns 1.0 network
simulator provides some pre-built protocol
modules. A user can add his or her own protocol
module to the node editor to test its performance.
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Packet Animation Player

generated simulation results will be

automatically transferred back to the GUI

program and then saved in the user's
local hard disk. Supposethat thesimulation case's
topology fileisnamed “test.tpl.” Thenthe nameof
the resulting packet animation trace file will be
“test.ptr.” Later, when the user wants to do post
analyses about the simulation results, he or she
can use the “ Packet Animation player” to play
back the animation. Thisis avery useful feature
for both educations and research purposes.

Q fer auser’ ssimulation job isfinished, the

Reloading Smulation Results

Towatch apreviously generated packet animation
trace, a user should open its corresponding
topology filefirst.

menu > file > open

Filmjpr b polagy e o i = Sl bl

The user then switches to the “ Play Back” mode.
The GUI program then will automatically reload
the simulation results (including the packet
animation trace file). Since the animation fileis

usualy very large, this process may take awhile.
Togivetheuser anideaof the progress, aprogress
bar will be shown during the loading process.

Loading /ustlocalinciunsthinfest! resultstest! ptr...

i %

status window for loading a packet
animation trace file

After the animation trace file is loaded, the user
then left-clicksthe starticon ( e ) of the time bar
located at the bottom. The player will then start
playing back thelogged packet transfer animation.

QA | p 1l mpifw T o

Some control button icons of the time bar.

General Optionsfor Packet Animation

During the play of apacket animation trace, auser
can change some options of the GUI program to
suit their needs. These options are described
below.



TimeBar

Thetime bar containsicons and buttonsrelated to
packet animation. Now we will examine every
function from left to right.

nan . ann rr
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Current simulation time timer

Thistimer icon showsthe current simulation time.
By double-clicking the icon, a user can set the
timer to any desired simulation time. This feature
isvery useful when the traffic is sparse. Thisis
because the user does not need to wait along time
before seeing packet transfers. Instead, the timer
can go directly to any interesting time. Of course,
to know at what time there is a packet transfer in
thelog file, the user needs to peek into the trace
file. Thereisautility program (printptr) that can
convert abinary packet animation tracefileinto a
text trace file for this purpose. This programis
located in /usr/local/nctung/tools.
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Smulation time-bar

Thetime bar shows the packet animation progress
in a period between two times, called atime
window. Users can drag the time bar knot to any
desired time. Two icons are provided here to
change the size of the time window by afactor of
10. That is, the time window size can be either
increased 10 times larger or decreased 10 times

smaller. A user can conveniently perform thisjob
by left-clicking the time-plusicon (QQ or the
time-minus (Q icon).

Right at the bottom of the time bar, ared vertical
line (1 )indicatesthat awired packet trans-
mission starts at thistime. In asimilar way, a
green vertical line (| ) indicates that awireless
packet transmission starts at thistime. Note that
the ending times of packet transmissions are not
depicted here. Therefore. it may cause difficulty if
a user wants to move the time knot to the time
when a packet transmission exactly ends. Thus,
these vertical lines are depicted here for reference
purposes only.

To know exactly when a packet transmission
starts and ends, a user can use the printptr utility
program to convert the binary animation tracefile
into atext file and then search it in the file.

> 11 = P

Animation playing buttons

Animation playing buttons are provided to alter
playing sequences. They can be executed by left-
clicking their corresponding icons.

() playsthe animation. If auser clicksit while
the animation player isidle, the player will start to
play the simulation trace. If auser clicksit while
the animation player is already running, the time
bar knot will jump directly to the nearest time
where there is a packet transmission. This feature
is very useful when the traffic is sparse.

(Il ) pauses the animation.



( M) stops the animation.

(J) skip theanimation timewindow by onetime
window sizein the forward direction.

('pm]) skip theanimation timewindow by onetime
window size in the backward direction.

[zofs  H[100% =]

Thefirst option ( [z0ps _|‘_f') isto ater the frame
rates of packet animation. Users can change the

frame rate by |eft-clicking the increase/decrease
icons or directly typing in a number asinput.

The second option ([100%  +]) isto change the
animation speed. Using alarger value will speed
up the animation by using alarger time quantum
when advancing the time. However, more packet
transferswill not be displayed. Thisisbecausethe
packet transfers that occur during the time leap
will not be displayed.

Animation Effects

Wired network and wireless network have
different characteristics. Therefore, we demon-
strate their corresponding animation effects

separately.

Wired Network

We use two screen shotsto illustrate and explain
wired network packet animation.
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packet drop & collision (represented by cross)

1 A link is painted yellow if there isany packet
flowing onit.

2 A packet is depicted by an arrow with a
“DATA” annotation.

3 A collided packet is depicted by an arrow with
an cross mark on it.

4 During a packet transfer, If alink is painted in
red, it meansthat thislink isan intermediate link
for this packet. In contrast, if thislink is painted
inyellow, it means that either the source of this



link isthe real source/destination of the packet,
or the destination of thislink isthereal

source/destination of the packet. : BA

5 The arrow length is determined by the packet’s N e .
packet length. Therefore, a user can expect that £ K i bk 2k B
the arrow length is proportional to the packet ti/Lr o iiod
length. In fact, a packet’s arrow length on a ke ¥ & ¥ .- E -
particular link isdetermined by the transmission R SR
time of that packet on that link relative to the e ekt et
signal propagation delay of the link. Ee eYe e B r
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Similarly, two screen shots are given as
illustrations.

Wireless transmission (IEEE 802.11 ACK frame)

A 1 Two concentric circles are centered around a

: transmitting node. The smaller circle stands for
the “transmission range” while the larger one

| stands for the “interference range.” Within the
interference range, a station can sense the
existence of other nodes’ signals. However, only
ETon R when the receiving station is within the trans-

i mission range of the sending node, will the

ST S-S Y packets be guaranteed to reach the receiving

r P OF ® L_- .:- station successfully.

(]

£ t t & g 2 A data packet is depicted by an arrow with a
AT T e UG M | m M “DATA” annotation.

3 An acknowledgement packet is depicted by an
wireless packet transmissions (IEEE 802.11 DATA frame) arrow with a“ ACK” annotation.
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Summary

This chapter presents the “ Packet Animation
Player” capability of the GUI program. Relevant
options are covered and some animation effects
areillustrated and explained in detail.
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Performance Monitor

graphically generatesand displaysgraphs

of some performance metrics. It can help

users monitor alinks' utilization or a
TCP connection’ s throughput. This chapter gives
an overview of the functionsthat the performance
monitor provides.

P erformance monitor is a useful tool that

Running Performance Monitor

Choose Tool > Plot Graph. Thiswill launch the
performance monitor’ s window.

craph Ticla

performance plot window

From the performance monitor window, choose
File > Open. Then a user can select adesired log
file to open.

The user then can left-click the start icon () of
the time bar. As the packet animation proceeds,
the performance monitor window will display the

corresponding performance curves over time.
Note that the performance monitor can be used as
an independent tool without the animation player
running up. Thatis, it canread alog file generated
by any other application program aslong as the
log file uses the common (X, Y) format.

Operationsfor Performance Monitor

Many operations are provided in the menu of the
performance monitor window. Here we will give
afull description.

Menu -> File

Mew 3

Open

Snapshot

Snapshot All

Gt
» New

Open anew graph window. Up to six graph
windows can be shown on the screen at the same
time.



GEraph 1

Graph 2
GEraph 3
Graph 4
Graph 5

» Open

Thisoption isto open adesired log fileasa
graph source. A graph source will then be
associated with a graph window.
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Thisoptionisto pop up the snapshot window for
capturing the content that is currently displayed
in the window.
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Thiswindow will show the captured snapshot.
Pressing “ Re-snapshot” button will re-capture
the performance curve that is being displayed.
Pressing “ Save” button will save the snapshot as
an image file of the “bmp” type. Pressing
“Cancel” will quit the window.

Snapshot All

This option will take snapshots of all existing
graph windows. The feature is very useful for
comparing different performance metrics
results.

Quit

This option will quit the current graph window.



Menu->Window

add/Remoyve Graph r

+ Add/Remove Graph

Thisoption isasub-menu from which auser can
choose different graph sources. Selected graph
sources are headed with check marks. Users can
use this option to display more than one graph
sources in the same window. It is particularly
useful for comparing different performance
metrics that are collected at the same time.

Menu->Color

Bris
iErid

Graph 3

« Background
This option isto select a color from the palette
and set it as the background color of the current
graph window.

+ Axis
This option isto select a color from the palette
and set it asthe col or of axes of the current graph
window.
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« Grid
This option isto select a color from the pal ette
and set it as the color of grids of the current
graph window.

+ Graph
This option is asub-menu from which users can
choose adifferent graph sourceto display. Then
the user can select a color from the palette and
set it asthe color of the performance curveinthe
current graph window.

M enu->Option

Global Setting

Graph Mode

« General Setting
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Graph Title:
Thisfield setsthetitle of the graph.

Y label:
Thisfield setsthe label of they axis.
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X label:
Thisfield setsthe label of the x axis.

(Notethat aperformance curve' slabel and color
can be easily set by double-clicking the curve's
label located at the upper right corner. For
example, auser can double-click the “ graph X”
default curve label.)

Y tics:
Thisfield setstheinterval of they axis.

X tics:
Thisfield setsthe interval of the x axis.

Y min:
Thisfield sets the minimum value of they axis.

Y max:
Thisfield sets the maximum value of they axis.

Show grid:
Thisfield sets whether the grids should be
visible.

Line-Points:

Specify that the performance curve should be
drawn using straight lines to connect adjacent
points.

State-Transition:

Specify that the performance curve should be
drawn using horizontal linesto connect adjacent
points.

X-axiswidth
Specify how many seconds’ data should be
displayed in this graph window.

« Global Setting
This option associates a graph source with alog
file. Up to six associations can be specified in
thisdialog. To select alog file from the local
host, auser can pressthe “Browse” button.
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« Graph Mode

This option controls how to display a perfor-
mance curve. Currently there are two modes.
The first mode is line-points while the second
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mode is“ state transition.” The following two
screenshots clarify the differences between

these two modes.
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Summary

Thischapter isabout “ Performance Monitor.” The
functions and rel evant settings of the performance
monitor are discussed. Users can make good use
of thistool to help them analyze performance
results. Users can also easily take interesting
snapshots of some performance curves to make
reports.
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| nter -Process Communications

NCTUns GUI to connect to both the

dispatcher and the simulation engine. We

detail how to use the facilities provided
by inter-process communication in this chapter.

I nter-process communication enables the

Preparation

« Connect to the Dispatcher

Before submitting ajob to the simulation enigne,
auser should check whether he (she) has correctly
set the information about the dispatcher. A user
can do thisjob by executing the Setting-
>Dispatcher command. The configuration dialog
box isshownin Fig 1.

Preference O =
— Job dispatcher
IP address |12? . ID . ID - Fort ISBDD

— User information

User name Inctuns FPassword I ******

Email address Inctuns@csie.nctu.edu.w

con|

Fig 1. The dispatcher dialog box

If the user isrunning a simulation engine on the
|local machine, the | P address can be 127.0.0.1,
which normally isthe IP address assigned to the
loopback interface (100). Of course, if the machine

has an | P address (say 140.113.1.1) assigned to
one of itsinterfaces, that |P address can be typed
in here. The user name and password should bethe
same ones as those that the user usesto log in to
thelocal machine. If the user would like to use the
simulation service center located at the Network
and System Lab (NSL), NCTU, he (she) needsto
obtain his (her) username/password by registering
with the NCTUns web site at

http://NSL .csie.nctu.edu.tw/nctuns.html.

The default port number is9800. A user can
modify this number by editing the configuration
fileat“ $SNCTUNSHOME/etc/dispatcher.cfg” and
restarting the dispatcher.

Currently, the email field in the dialog box is

optional. Inthefutureversion of theNCTUns, this
information will be used by the dispatcher to send
back ajob-finished natification email to the user.

« Switch to Run Simulation Mode

When the network topology and the properties of
the network are set, a user can choose to run the
simulation on-line or submit it as a background
job. Before he (she) can do that, he (she) needsto
switch the GUI mode to the “ Run Simulation”
mode. The user can do this by executing File-
>Operating Mode->Run Simulation as shown
inFig 2.
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Fig 2. Switch to the “ Run Simulation” mode

Basic Smulation Operation

Withthefriendly GUI design, itisvery easy torun
anetwork simulation. Most of the commands
needed arelocated in the “ Simulation” menu ( see
Fig 3.). Wewill explain the usage of each of these
commands in the following sections.
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Fig 3. the Simulation menu

« Run a Simulation

After switching to the “ Run Simulation” mode, a
user can submit his (her) jobto asimulation server
by executing the Simulation->Run command.
Three different outcomes may be possible after
the command is executed. In thefirst outcome, the
simulation is submitted successfully. In this case,
the user will seethetime bar located on the bottom
left start ticking. In the second outcome, a“Login
Failed” message box will be shown up ( see Fig
4.), which means that the provided user name and
password arewrong and thus do not allow the user
to log in to the local machine. In the third
outcome, a“No idle server” message box shows
up (seeFig5.). Thismeansthat, currenly al of the
simulation servers are al busy executing
simulation cases. The user can try to re-run this
simulation case at alater time. He (she) can also
choose to submit it as a background job, which
will then be queued at the dispacther waiting for
itsturn.

& Login Failed

Fig4. The“Login Failed” message dialog.
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& Mo ldle Server!

Fig 5. The“No Idle Server” message dialog
box.

« Pause a Simulation

When asimulation is running, a user can pause it
by executing the Simulation->Pause command.
The simulation engine process and all traffic
generator processes will then be paused immedi-
ately.

« Resume a Simulation

A user can resume a paused simulation job by
executing the Simulation->Continue command.
The simulation engine process and all traffic
generator processes will be waked up and
continue the job from the point where you paused
it.

« Stop a Simulation

Sometimes, a simulation run may take too long
and a user may thus want to retrieve the current
results before the ssmulation is finished. To do so,
the user can execute the Simulation->Stop
command. The simulation engine and traffic
generator processes will be stopped and killed

immediately. The current results will be trans-
ferred back to the GUI program for further
analyses.

« Abort a Simulation

When auser aborts the simulation by executing
the Simulation->Abort command, the simulation
engine and al traffic generator processes will be
killed immediately. The current results will be
completely del eted without being transferred back
to the GUI program. It isrecommended that a user
either aborts or stops a running simulation before
quiting the GUI program. Otherwise, the currently
running simulation will keep running and full
results will be generated on the disk. Thiswill
only unnecessarily waste CPU cycle and disk
Space resources.

Session Management

Most modern GUI program uses the MDI
(multiple document interfaces) design.
However, the NCTUns GUI program uses the
SDI (single document interface) design. To run
multiple simulations concurrently using a
single NCTUns GUI program, the GUI
program uses a session management
mechanism, which is discussed below.

« Disconnect

After asimulation isrun, auser can makeit asa
session by executing the Simulation-
>Disconnect command. A session isdefined to be
asimulation job that currently does not own the



GUI program. As such, the user can no longer use
the GUI program to control the execution of the
simulation. For a session to re-own the GUI
program, the user must execute the Simulation-
>Reconnect command.

After the Simulation->Disconnect command is
executed, an input session name dialog will show
up and prompt the user to input a session name
(see Fig 6.) After the session nameis entered, all
information about this session is automatically
recorded by both the dispatcher and the GUI
programs. Thesimulation currently running onthe
server side will continue its execution. However,
the user now is free to use the GUI program to
handle another simulation case. Dueto this
feature, a user can run as many simulations as he
(she) wants at the same time, provided that there
are enough simulation servers in the server farm.
To avoid session name conflicts, a user should
give each session a unique name.

Session name

Session name IHeIIo, NCTUns

Cancel |

Fig 6. The “ Disconnect” dialog box.

« Reconnect

A user can reconnect a disconnected session by
executing the Simulation -> Reconnect ->
“Session Name” command (see Fig 7.). The
session name chosen hereis the name that the user
entered when he (she) disconnected the session
(Fig 6.). After the user reconnects a session, one of
two different cases may happen. In the first case,
thesimulationisstill running. Every soon, the user
will see the time bar resumesticking asif the user
have never disconnected the simulation. In the
second case, the simulation is aready finished
before the user reconnects it. In this case, file
transfers will automatically be started to transfer
the result and log files back to the GUI program.

] e | LT i
O e T Y W ) T |

Fig 7. The* Reconnect” session dialog box.
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Background Job Management

Background job management is a useful facility
that allows a user to submit several smulation
jobsamost at the same time. A background jobis
asimulation job that does not intend to use the
GUI program. After asimulation issubmitted asa
background job, it will be sent to the dispatcher
programimmediately and the GUI can beimmedi-
ately used by other simulation cases. Thus, a user
can submit a background job without waiting for
thejob to finish. It is very useful when running a
time-consuming network simulation.

« Submit a Background Job

It takes three easy steps o submit asimulation asa
background job. First, a user needs to open/edit a
network topology and switch to the “ Run
Simulation” mode (see Fig. 2). Second, the user
then executes the Simulation->Submit
command. Third, when the submit dialog box
shows up, the user then enters adesired job name
and pressthe“ Submit” button (seeFig. 8). Thejob
will then be sent to the dispatcher and stored inthe
dispatcher’s job queue. Immediately when any
simulation server in the server farm is available,
the first background job in the job queue will be
dispatched by the dispatcher to that server to run
the simulation.

Submit job as a background O x

Background Job Name |J°b1

(after a background job is submitted, you can
view its status and progress by using the
File/Background_Job_kanagement command.)

corca |

Fig 8. Submit a background job

« Background Job Management

After several background jobs are submitted, a
user can manage these background jobs through
the background job management window (see Fig
9). To pop up the window, a user can execute the
File-> Background Job M anagement command.
In the window, a user can easily check the current
status of his (her) background jobs. To get the
most updated information, a user can press the
Refresh button on the upper left. To close the
window, auser can pressthe Cancel button on the
upper right.

A background job may bein one of three different
possible statuses. First, the simulation job is
finished. In this case, the user can click on the job
name and then press the Retrieve button at the
button of the window to transfer the log files back
to the GUI program. Second, the job is currently
running on a simulation server. In this case, the
user can reconnect, abort or stop the simulation
by pressing the corresponding buttons. These



operations do the same thing as those described in
previous sections. Note that internally a
backgound job is processed like a disconnected
session. As such, it is possible for the GUI
program to reconnect to a background job. Third,
the job is still in the job queue waiting for
execution. The user can delete it from the job
gueueif he (she) no longer wantsthejob to berun.
This operation can be done by pressing the Delete
button. Note that auser hasto select abackground
job from the table before he (she) can perform any
management operation on it. The command
buttonsthat are allowed for the selected job will be
enabled.

Backyroune Job Management =3

Surenteing Johs #: 3 canel
<03 Nane [Statis [ Subni Tinz [start Tine [end Tine k1) |Request inTine [Prot

a1 FIRISHEL Fri Mov 13 20:56.21 2302 Fii Nov 15 205621 2002 Fi Nv 5 21 D4:9€ 2002 1C37 364961 938 100%
a3 RUNNING Fri Mov 13 20:56:40 2102 Fri Nov 15 20:57.37 2002 - 1047365000 339 2%
a4 RUNNING Fri Mov 13 20:3647 2002 FriNov 15 21:0447 2002 1047365007 339 6%
Jahs WATNG FriMov 13 270506 2302 - 1637365506 339 0%

tl) (Ea]

Ratieve | ?E:nnrs:tl Delete | Aot | Stop |

Fig 9. The “Background Job Management”
window.
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Remote File Management
« Remote File Management

The remote file management utility is a conve-
nient tool for auser to manage his (her) files that
are generated and stored on aremote server. Note
that when a user is using the “ single-machine”
mode of the simulator, generated filesactually are
stored on the local machine’s disk. However, the
remote file management utility can still be used
correctly.

To pop up the remote file management window, a
user can execute the File->Remote File
Management (see Fig. 10) command. Thefile
management window is like a file browser on
Windows operating systems. A user can changeto
adirectory by “double clicking” on the desired
directory name. To transfer afile from the remote
machine to the local machine, auser can simply
click on the file and press the Get button. A user
should specify the local directory to store
downloaded files. This can be done by editing the
Dir Nametext field. To delete afile on the remote
server, auser can click on the file and pressthe
Delete button. Finally, auser can close the
window by pressing the Cancel button.
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Remole Fles -0x
Files |FH5 Size |FHe Type |Last modified | =
directory  Tue Oct 29 20:32:25 2002
directory  Tue Oct 29 22:07:17 2002
directory  Wed Oct 30 01:29:21 2002
_Inctuns-1035874066-job 3564 directory  Tue Oct 29 23:02:42 2002
_Anctuns-1035877620-job 5120 directory  Wed Oct 30 00:04:59 o0z
[ Inctuns-1035893672-job 3564 directory  Wed OCt 30 04:29:27 2002

[netuns-1035835062-joh 3564
[netuns-1035836875-jok 10240
[Inetuns-1035343585-joh 1024
_1nctuns-1035968595-joh 1024
_Inctuns-1036019966-job 8192

Vnehine 1NTRNPERT 7_ink 2102

directory
directory
directory
directory
directory

Aivartan

Wed Oct 30 04:52:37 2002
Wed Oct 30 05:22:55 2002
Thu Oct 31 04:00:56 2002
Thu Oct 31 01:17:50 2002
Thu Oct 31 2345:04 2002

i e 1 1197 o0 |

File Name

nctuns-1035841954-j0b

Get | Cancel

Dir Name lftmp/

Delete

Fig 10. The “ Remote File Management”

window.

Summary

This chapter is about “ Inter-Process Communi-
cation.” The NCTUns 1.0 network simulator uses
adistributed architecture to support remote and
concurrent simulations. As such, an “ Inter-
Process Communication” mechanismisneeded to
connect all components together. In the chapter,
many commands that are related to controling the
execution of simulations are presented.
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