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Defining the Task

The task in this chapter isto use OPNET to simulate the behavior of a packet
switching network consisting of nodes connected by point-to-point links in a star
topology. Packets shall travel from source to destination viaacentral, or hub, packet
switching node which has point-to-point connections with each peripheral node.
The initial configuration shall contain four peripheral nodes and one hub node as
shown below.

Star Topology

peripheral nodes ned0
hub node
»
O O O

The hub node shall have the single responsibility of relaying packets to the
proper destination. The hub node will not initiate any message traffic on its own.
Peripheral nodes will generate traffic randomly according to an exponential distri-
bution for interarrival times, and each packet shall contain arandom destination ad-
dress.

Performance shall be measured by the end-to-end delay experienced by packets.
End-to-end delay shall be calculated asthe number of secondsfrom the time a pack-
et iscreated to the time it isreceived by the destination node. Packet sizes and link
data rates shall be constant, so the end-to-end delay will be constant except when
packets experience queuing delays in transmitters. Queuing delays occur when
packets are sent to atransmitter which is already busy transmitting a packet. Queu-
ing delays can occur in both peripheral nodes and in the hub node since both node
types have transmitters.

After analyzing this configuration, the model shall be enhanced with the addi-
tion of a second star network. The two star networks will be connected by a point-
to-point link between the hub nodes in each star. Each peripheral node will have a
unique address. The hub nodes will have the ability to determine if a packet’s des-
tination address is within the scope of the local star, or if the packet must be sent to
the other hub node. The end-to-end delay for packets traversing the inter-net path
will be greater sinceathird link isinvolved. Thisthird link delay is also compound-
ed by the fact that greater congestion at the inter-net transmitters results in more
gueuing delays. The enhanced configuration is shown below.
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Enhanced Configuration

O

hode 0_0 hode_0

hode_3_0 hode 4_0 hode_1_0 hode_3 node_4 node_1

O

hode_2_0 hode_2

Designing the M odel
Consider the following concepts when designing the model:
1) Network topology and the physical communications medium

The network is to consist of four nodes connected to a hub node by point-to-
point links. An OPNET simplex point-to-point link isaone-way path originating at
a point-to-point transmitter and ending at a point-to-point receiver. Two-way links
consist of either two separate simplex point-to-point links going in opposite direc-
tions (as shown in the diagram below), or a single duplex point-to-point link con-
necting two transmitter/receiver pairs (the latter method is used in this tutorial).
Looking only at the communi cations medium as represented in opnet , atransparent
view of the network would look like this:

HE

peripheral nodes

a)
hub node L
Bl

¢ simplex point-to-point links

point-to-point transmitter point-to-point receiver
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2) The functions of the two node types

The overall purpose of the model is to simulate packets traveling from one pe-
ripheral node to another peripheral node through the packet switching hub node.
Begin with the hub node, and assume that packets containing destination addresses
will arrive randomly on the four input links. The destination address is an integer
value specifying adestination peripheral node. The hub node must contain aprocess
model which can retrieve the incoming packets, read the destination address, and
send the packets to the appropriate point-to-point transmitter.

3) The method the process model uses to deter mine which point-to-point trans-
mitter will address a particular peripheral node

Recall that packet streams each have a unique index. The easiest, though per-
haps not the most flexible method, is to set up direct association between the hub
process outgoing packet stream indices and the peripheral destination address val-
ues. In a more adaptive model, the hub process model could maintain a table for
translating destination address values to transmitter stream indices. For this prob-
lem, adirect correspondence between destination addresses and packet stream indi-
cesis appropriate. In summary, the hub node model will consist of a point-to-point
transmitter/receiver pair for each peripheral node, and a process model used to relay
packets from areceiver to the appropriate transmitter.

4) Therole of peripheral nodes

The peripheral node model must generate packets, assign destination addresses,
and process received packets. The peripheral node model will employ an OPNET
ideal generator module to create packets. It will also employ a user-defined process
model to assign destination addresses to packets and send them to the node’ s point-
to-point transmitter. This process model will aso retrieve packets arriving from the
point-to-point receiver. Upon receiving a packet, the same process model will cal-
culate the packet’ send-to-end delay and writethe valueto aglobal statistic (aglobal
statistic isastatistic that is accessible to multiple processes throughout the system).

Using the OPNET Simulation Kernel Manual

OPNET providesan extensive set of Simulation Kernel procedures (also known
as KPs). These procedures allow access to simulation services and they allow ac-
cessto, and manipulation of, model objects. The Kernel Procedures are divided into
categories based on the type of service provided or the type of object they manipu-
late. The set of procedures within acategory is called apackage. The OPNET Sm-
ulation Kernel manual serves as a reference of al the Kernel Procedures. Each
chapter inthe OPNET Smulation Kernel manual contains a description of the Ker-
nel Procedures within one package. The chapters are arranged alphabetically by
package name. The beginning of each chapter contains an overview of the available
procedures; the new user should browse through the overview of each chapter to get
an idea of the services available. Some of the Kernel Procedures return or take as
arguments special OPNET predefined data types. These types are described in
Chapter Intro of the OPNET Smulation Kernel manual.
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Kernel procedure names follow a convention which identifies the package to
which they belong and the purpose they serve. All Kernel Procedures names begin
with the prefix "op_" which quickly distinguishes them from system library and
user functions. Following the "op_" prefix isthe abbreviated package name. For in-
stance, proceduresin the intrpt package will always be prefixed "op_i nt rpt _"; pro-
ceduresin the strm package will always be prefixed "op_st rm ". The remainder of
the procedure name identifies its purpose.

The division of Kernel Procedures into separate packages makes the process of
locating a particular procedure easier. A user may have need of a particular service,
but may not know the name of the Kernel Procedure which provides that service.
For example, the user creates a process which at some point must create a packet.
The user does not know if a Kernel Procedure exists for creating packets, but can
quickly find out by searching in the package which would most likely contain such
a procedure. Package names reflect the type of object or service the procedures re-
late to; so, the logical starting point in the search for a procedure which creates
packets would be the Pk package.

The manual provides a two-page format for describing each Kernel Procedure.
Theformat isdivided into sectionswhich present avariety of information about the
procedure. These sectionsinclude arguments and return value specifications, asyn-
opsis ("abstract"), detailed information about the procedure’ s operation and effects,
asummary of theintended purpose or typical applicationsof the procedure, and lists
of potential errors and cross-references to other KPs. Dividing the procedure docu-
mentation into distinct sections allows information to be found quickly.

Thelast chapter in the OPNET Smulation Kernel manual containsalist of pre-
defined OPNET symbolic constants. These symbolic constants are used as argu-
ments to Kernel Procedures, or for testing the return value of a procedure.
Familiarization with the different categories of symbolic constants will help the
user better understand the use of many of the Kernel Procedures.
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Entering the Model

Creating a Packet Format

The previous tutorials have addressed problems which consider only the sizes
of packets. For many modeling problems, packets must contain information in ad-
dition to just their size. For this reason, OPNET supports packets with user-speci-
fied fields which may contain virtually any information. The packet fields are
identified either by an integer index or a field name. A particular combination of
fields assigned to a packet constitutes the packet’s format. Packet formats with
named fields can be predefined in the Packet Format Editor, and referenced in apro-
cess model. Packetsin thistutoria will contain destination addresses Before defin-
ing the node and process models, the Packet Format Editor will be used to create a
packet format containing a destination address field.

TRY IT...Getting started

1) If opnet is not running, start the program.
( % opnet )

2) Left-click the Open Packet Fornmat Editor tool button.

Packet E 4§ e0(

3) Create a packet field by clicking the Create New Fi el d action button
and left-clicking in the workspace.

B <

4) Right-click on the packet field to open the packet field attributes dialog
box.
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ThePacket Field Attributes diaogbox containsanumber of attributes, in-
cluding the following:

Packet Field Attributes

Cell Name Description
Fi el d Nane The name to be used when referring to this field.
Type The data type, which may be an integer, double, a data
structure pointer, a packet, or unspecified information.
Si ze The simulated size of the field, measured in bits.
Def aul t Val ue The value assigned to the field when the packet is cre-

ated (if Def aul t Set has the value set).

Set at Creation Either set or unset ; if unset, the field will not be
assigned the default value when the packet is created.

Process models reference the packet format in order to identify and access a
packet’ sfields. Once written to disk, apacket format can be specified as an attribute
inanideal generator module so that packets created by the generator will be format-
ted accordingly. Packet formats can also be used in calls to certain Kernel Proce-
dures which deal with packets.

TRY IT...Define and write the packet format, then quit

1) Enter the following values into the dialog box.

a) Change the nane attribute to “dest _addr ess”.
b) Changetype to“i nteger”.

c) Change si ze to 0.

d) Change Set at Creation to“unset”.

Note: Packets in this tutorial require a single field for containing the
destination address. The field size is set to zero since it is not of
importance to this model.

2) Activate the Wite Packet Format action button.

=

3) Name the file “pksw_f or mat ” and press <Ret ur n>.
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4) Activate the Cl ose Packet Format Editor action button.

3|0
)

Creating a Link Mode

Next the Parameter Editor will be used to create alink model for connecting the
nodes in the Network Editor. This model will use the packet format just created.

TRY IT...Define the link model

1) Open the Parameter Editor by clicking the Parameter tool button.

Poremeteiam, | BUC

2) Activate the Edit Link Mddel action button.

it | BUC
wiy

0 Thelink model dialog box appears.

3) Inthe Li nk Types table, change the Support ed value to “no” for the
pt si np, bus, and bus t ap types.

O This model will only support the pt-pt duplex type.
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4) Change the packet f ormat s attribute in the attribute table:

a) If necessary, scroll to display the packet formats attribute, then
click in the Initial Value column to display the Sel ect Support ed
Packet For mats dialog box.

b) Click on both check boxes to turn off Supports All Packet
For mat s and Supports Unformatted Packets.

¢) If necessary, scroll to display the pksw_f or nat format, then change
the status to “support ed”.

Select Supported Packet Formats

|Packet Format=z ” Status | AI
pkaw_format supported []
amz_aalb_cpoz_pdu not supported
amz_aal _signal not supported
amz_atm_call_proceeding not supported
amz_atm_cell not supported
ams_atm_connect not supported
amz_atm_connect_ack not supported 7

[:] Supportz ALl Packet Formatsz

[:] Supports Unformatted Packets

| canhcel | | 0k |

d) Close the dialog box by clicking on the OK button.

5) Change other attributes in the attribute table:

a) Change the dat a r at e attribute to “9600".
b) Change ecc nodel to“dpt _ecc”.
c) Change error nodel to“dpt _error”.

d) Change pr opdel nodel to“dpt _new pr opdel

e) Changet xdel nodel to*“dpt _t xdel "

6) Add a keyword called “pksw’.
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7) Add a comment to describe the link.
O The dialog box should look like this:
Comments: ||This is the point-to-point duplex link for packet switch models.I ‘H.
| [ —— 2 |
Keywords: || pkaw Link Types: ||Lirnk Type ” Supported ||Palette Icon |
add ptsimp no
; , prdup yes dup_pt_lk
——
. . bus no
bus tap no
Attributes: |httribute Name ” Status ” Initial ¥alue | Al
data rate set 9,600 |
| delay set 0.0 | D
ecc model set dpt_ecc
error model set dpt_error 7l
Renames/Herge Attributes

Thelink model is defined. Now write it and close the Parameter Editor.

TRY IT...Write the link model, then close

1) Activate the Wite Paraneter Mdel action button.

=

2) Name the file “pksw_I i nk” and press <Ret ur n>.

3) Left-click on the Qui t action button to exit the Edi t Li nk Mbdel mode.

] €Lt
.

4) Activate the C ose Paraneter Editor action button.

s £

145-Pst

[erioing
Buiyoums 1930ed



Packet Switching Tutorial OPNET Tutorial Manual

Creating the Hub Node Model

Sometimes the structure of a node model influences the design of underlying
process models. For such cases, it helps to create the node model first to see how
the process model (s) fit into the picture. It isimportant to ensure that stream and sta-
tistic indices specified with the Node Editor correspond to the index values used in
underlying process models. Start by defining the hub node.

TRY IT...Open the Node Editor and create the hub node model

1) Open the Node Editor by clicking the Node Editor tool button.

2) Create hub and transmitter modules as shown, using the following steps:

a) Use the Create Processor action button to create one processor
module.

b) Usethe Create Pt-Pt Transm tter action button to create four
point-to-point transmitter modules.

c) For each module, open the attribute dialog box and change the nane
attribute as shown below.

d) Use the Create Packet Stream action button to connect the
modules as shown below. Start with the stream from hub to xmt O,
working down to xmt 3. opnet assigns the default stream indices.
Going in numerical order ensures that each transmitter is
automatically assigned a logical source stream index as shown

above.
stream (0) —
stream (1)
hub
— output
streams
stream (2)
stream (3) —

Note: you can change source stream indexes by editing the src stream
attribute in the stream’s attribute dialog box. Notice that index numbers
become unavailable once they are assigned.
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3) Create receiver modules as shown, using the following steps:

a) Use the Create Pt-Pt Receiver action button to create four
point-to-point receiver modules opposite the transmitter modules.

b) For each receiver module, open the attribute dialog box and change

the nane attribute as shown below.

c) Connect the modules with packet streams as shown. Again, going in
numerical order from r cvO to r cv3 ensures that each transmitter is
automatically assigned a logical source stream index as shown

below.
— stream (0)
stream (1)
hub |
input
streams | giream @)
L stream (3)

()

IC\?D\

rewl

[

4

Cowe

b

rowd

[

huh

4) Check the stream assignments, using the following steps:

a) Activate the Li st Mbdul e Connecti vi ty action button.

b) Move the cursor (the box outline) over the hub processor module and

click.

O The list of streams connecting to the hub module appears.

Module: b =Fi—F——

stream

¢ hub [0] - zmtD

stream

: hub [1] - zmtl

stream

: hub [2] - xmtR

stream

: hub [3] - zmkd

stream

revl [0] -3 hub

stream

revl [0] -3 hub

stream

rev? [0] -3 hub

stream

revd [0] -3 hub

|
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5) If necessary, correct the streams by changing the src st reamand dest
st r mattributes of the packet streams.

Now that you have created the hub node model, you need to set the channel data
rate to 9600 bps for each transmitter and receiver. The efficient method is to use the
Al so Apply Changes to Sel ected Objects featureto change the value of the
dat a rat e attribute for all these objects in one operation. Follow these steps.

TRY IT...Set the channel data rates

1) Left-click on each transmitter and receiver module icon to select it. Be
sure the “selection handles” are at the corners of each icon.

a)

b)

c)

d)

e)

f)

O

2) Choose one module:

3) Left-click on a blank area of the workspace to deselect all modules.

Open the attribute dialog box by right-clicking on the icon.
Click on the value of the channel attribute.

O A dialog box describing the channel appears.
Change the dat a r at e to “9600".

Close the Channel Attri butes dialog box by clicking on the OK
button.

Click on the Al so Apply Changes to Selected bjects
check box.

Close the At t ri but es dialog box by clicking on the OK button.

The channel data rate for all transmitters and receivers is 9600. You
can verify this by examining the attribute lists for one or two of the
objects.

This is a good practice, because it prevents you from unintentionally
modifying a module.

The last step in defining the node model is to specify the node types supported
and a keyword.

148-Pst



OPNET Tutorial Manual

Packet Switching Tutorial

TRY IT...Define the node model interface att

ributes

1) Activate the Edit/ Vi ew Model Att

i)

r. Interfaces action button.

O TheMdel Attribute Interfaces dialogbox appears.

nobi | e and satel | ite types.

2) Inthe Node Types table, change the Support ed value to “no” for the

O This model will now only support the fixed node type.

3) Add a keyword called “pksw’.

4) Add a comment to describe the node.

O The dialog box should look like this:

Model Attribute Interfaces
Comments: |This is the huk node for the packet B
switch medel | No Parent
<l ] [ i
Keywords: [[ox=w | Node Types: |Node Type ” Supported ||Default Toon

fixad

yes

fixed cormn

mekile

no

satellite

no

Attributes: |Attribute Hearns

|| Status

|| Initial Value |

altitude

ot Promariing | condition

phaze

a0 |
enakled |

0.0

priority

[u]

Rename/Merge Atiributes || Winw || Cancel |

5) Save your changes by clicking on the OK button.

The hub node definition is compl ete except for specifying the process model for
the hub processor module (we'll do thisin alater step). For now, just write the node

modd to disk.
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TRY IT... Write the node model

1) Activatethe Wite Node Model action button.

=i

2) Name the file “pksw_hub” and press <Ret ur n>.

Y ou will do more work with this node model later (after developing a process
model), so thistime you will not close the Node Editor after writing the model.

Creating the Hub Node's Process Model

The purpose of the hub processis to relay packets to the appropriate point-to-
point transmitter. Recall that the hub processor module is connected to the point-to-
point transmitters and receivers by packet streams. The hub process will receive an
interrupt whenever a packet arrives from a point-to-point receiver. Thisisthe only
expected type of interrupt; therefore, the hub process Fsm can be defined using two
states: an unforced idle state to rest between events, and a forced state containing
the code for processing packets.

Open the Process Editor and create these two states named "idl e" and
"rout e_pk" asshown on the next page. Notice that you can open the Process Editor
even though the Node Editor is still open. You'll see later how to move (or circu-
late) among the two open editors.

TRY IT...Open the Process Editor

1) Open the Process Editor by clicking the Process Editor tool button.

Process @ A o0

TRY IT...Create the hub process model states

1) Activate the Creat e St at e action button and place two states in the tool
window.

2) Change the nane attribute of the initial state to “i dl e”.

Remember to use the right mouse switch to open the attribute dialog box.
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3) Change the nane attribute of the second state to “r out e_pk" and the
st at us attribute to “f or ced”.

O The process should now look like this:

When a packet arrives from a point-to-point receiver, the process model will be
invoked by a stream interrupt. A transition testing for this condition must be creat-

ed.

TRY IT...Create the PK_ARRVL transition

1) Activate the Create Transition action button and draw a transition
from the i dl e state to the r out e_pk state.

Remember the technique used earlier: left-click first on the i dl e state,
then at a vertex point between the i dl e and r out e_pk states (indicated
by the cursor), and finally on the r out e_pk state. Right-click to end the
Create Transition operation.

- (]

(rosic]
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2) Change the condi ti on attribute of the transition to “PK_ARRVL” (this
macro will be defined in the next step).

Remember, you can move a condition name by left-clicking on the name
and dragging it to a new location.

q
A
Ay
Ay
Ay
A
N

v
:. {Pk_ARRYLY

3) Activate the Edit Header Bl ock action button.

4) Enter the following macro definition for PK_ARRVL.

[#defi ne PK_ ARRVL (op_intrpt_type () == OPC_| NTRPT_STRV }

5) Click on the Save button.

Close | | Save Ki

The PK_ARRVL condition comparesthe delivered interrupt type with the OPNET
predefined symbolic constant OPC_| NTRPT_STRM which indicates a stream inter-
rupt. This is the only expected type of interrupt in this model, but as a safeguard
against run-time missing transition errors, unforced states sometimes have a default
transition looping back on themselves.

TRY IT...Create the unforced state default transition

1) Activate the Create Transition action button and create a transition
from the i dl e state and back to itself.
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2) Change the condi ti on attribute to “def aul t ”:

\
V {default)
i

[route_pl

The Fsm must transition back to the i dl e state after the executives in the
rout e_pk state have executed.

TRY IT...Complete the FSM diagram

1) Create an unconditional transition from the r out e_pk state back to the
i dl e state.

Vo {defaulty
|

2) Left-click on the Edit temporary variables action button.
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3) Enter these two declarations:

Packet *pkptr;
i nt dest addr ess;

The first variable is for storing a pointer to packets; the second is for
storing the destination address found in packets. These variables are
placed in the temporary variable block because the values they hold do
not need to be retained between invocations of the process.

4) Click on the Save button.

(oo 1 o
)

5) Open the enter executives block for r out e_pk by double-clicking on the
top half of the state.

6) Enter the following code:

pkptr = op_pk_get (op_intrpt_strm());
op_pk_nfd_get (pkptr, "dest_address", &dest_address);
op_pk_send (pkptr, dest_address);

7) Left-click on the Save button.

When thersm entersther out e_pk state, it must first retrieve the arriving packet
from the appropriate input stream. Thefirst line of the enter executives block accom-
plishesthis.

The op_pk_get() Kernel Procedure takes as an argument the index of the stream
from which the packet is to be retrieved; the stream index is determined here with
the op_intrpt_strm() procedure. This is the same technique as the one used to re-
trieve packetsin Chapter Bpt. Next, the process must obtain the destination address
contained in the packet. The destination address is held in the named field
"dest _addr ess" . The second line of the enter executives assigns the destination ad-
dressto the dest _addr ess temporary variable.

Recall that the destination address corresponds directly to the hub node’s out-
going packet stream index. Thefinal line of code sendsthe packet to the appropriate
point-to-point transmitter based on the destination address.
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Next define the model interface attributes for the process.

TRY IT...Define the process model interface attributes

1) Activate the Edit Process Mdel Interface action button.

ok

O TheMdel Attribute Interfaces dialogbox appears.

2) Change the initial value of the begsi m i ntr pt attribute to “enabl ed”.

3) Add a comment to describe the process.

4) Verify that the dialog box looks like this:

Maodel Altribute Interfaces
Comments: |This is the process medel for the huk node of the packet switch medel . B
<1 ] [ b,
Attrbutes: |Attribute Harne || Status || Initial Walue |

bagsim intret set anaklad | ”
i Propmriies | endsim intrpt set dizabled
failure intrpts set dizakled
intrpt interwval set dizakled

Rename/Merge Atiributes | | Cancel |

5) Save your changes by clicking on the OK button.

The hub process model definition is complete. Compile the model.

TRY IT...Compile the process model

1) Activate the Conpi | e Process Model action button.

C =«

2) Supply the file name “pksw_hub_pr oc” and press <Ret ur n>.
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Buiyoums 1930ed

155-Pst



Packet Switching Tutorial OPNET Tutorial Manual

ﬁ If the model does not compile, refer to the Troubleshooting Chapter.

Now that the hub process model is defined, you can return to the Node Editor
and set the process nodel attribute of the hub processor module to
pksw_hub_proc.

Follow these steps.

TRY IT...Update the hub node model

1) Move to the still-open Node Editor by left-clicking on the Ci r cul at e sys-
tem button in the lower-right part of the window.

2 6l

c(y[s
-

2) Read in the pksw_hub node model:

a) Activate the Read Node Mbdel action button.

- e

b) From the list of available files, select pksw_hub.

O The node model appears in the tool window:

3) Open the hub module’s attribute dialog box and change the pr ocess
nmodel attribute to “pksw_hub_proc”.

O Notice that the begsi m i ntrpt attribute is now “enabl ed”. This
was defined in the process model attribute interface.
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4) Activate the Wite Node Mdel action button.
E )

Creating the Peripheral Node Model

L eave the Node Editor open, but clear the model.

TRY IT...Clear the node model

1) Activate the Cl ear Node Mbdel action button.

N el

The peripheral node will generate packets, assign destination addresses to pack-
ets, transmit the packets to the hub node, and record the end-to-end delay experi-
enced by packets received. The peripheral node model will therefore consist of an
ideal generator module, a processor modul e, and a point-to-point transmitter and re-
ceiver. The processor module will assign destination addresses to packets created
by the generator and forward the packets to the point-to-point transmitter. When
packets arrive viathe point-to-point receiver, the processor module will retrieve the
packets and record their calculated end-to-end delay using aglobal statistic.
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TRY IT...Create the peripheral node model

1) Create the four modules as shown, using the following steps:

a) Create one ideal generator module, one processor module, one point-
to-point receiver module, and one point-to-point transmitter module.

b) For each module, open the attribute dialog box and change the name
attribute as shown.

c) Connect the modules with packet streams in the following order:
e Icv—proc
* SIC— proc

s proc— xmt.

2) Use the List Module Connectivity action button to check the
assignment of the streams connecting to the pr oc processor module.

O The list of streams connecting to the pr oc module appears.

Module: proc
stream : proc [0] -» =mt [0] |
stream : roew [0] -» proc [0] |”
stream :osrc [0] -» proc [1] |

3) If necessary, correct the streams by changing the src st r eamand dest
st r mattributes of the packet streams.
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4)

Open the attribute dialog box for the ideal generator module and change
the attributes to the values shown. To change the value for
i nterarrival args topromoted, you can select the attribute and click
on the Pr onot e button.

(src) Attributess =————————

|httribute ” Walue ” Units | AI

name src |

interarrival pdf exponential | -
interarrival args promoted | l-——
pk size pdf constant |

pk size args 9600 | g
field (0) pdf constant

field (0} args 0.o

packet format pksw_format 7l -——
. extended attrs. .
|:| Also Apply Changes to Selected Objects
| View Properties | | Promote | | Cancel |

5)

For both the receiver and transmitter modules:

a) Click on the icon to select it. (Be sure the “selection handles” are at
the corners of each icon.)

6)

Open the attribute dialog box for either module and change the data rate:

a) Click on the value of the channel attribute.

O A dialog box describing the channel appears.
b) Change the dat a r at e to “9600".
c) Close the dialog box by clicking on the OK button.

d) Click on the Al so Apply Changes to Selected bjects
check box.

e) Closethe Attri but es dialog box by clicking on the OK button.

O The data channel rate for both modules is 9600.
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7) Use the Edit/View Mdel Attr. Interfaces action button to
display the Model Attribute Interfaces dialogbox and make the
following changes:

a) Inthe Node Types table, change the Support ed value to “no” for
the nobi | e and satel |i t e types.
O This model will now only support the fixed node type.

b) Add a keyword called “pksw’.

c) Add a comment to describe the node model.

TRY IT...Rename attributes
Renaming allowsyou to simplify complex attribute names or expand terse ones.

Y ou might want to simplify attribute names when you know userswill be work-
ing with the node model, but not with the process model — in this situation, the user
does not need to see (and may be confused by) the long hierarchical attribute name.
When you rename the attribute, you can hide those layers of hierarchy.

Similarly, you might want to expand a cryptic, highly-abbreviated attribute
name to make it more understandable.

Y ou can also merge multiple attributes into a single attribute, and then assign a
single value. See Chapter Framin the OPNET Modeling manual.

1) Verify thatthe Model Attribute | nterfaces dialog box is displayed.

2) Click on the Renane/ Merge Attri but es button.

0O The Renane/ Merge Attri butes dialog box pops up.
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3) Rename the src.interarrival args attribute using the following
steps:

a) In the Unmodified Attributes table, select the src.interarrival
ar gs attribute, then click on the >> button to move it to the Modi fi ed
At tri butes column.

b) Change the text in the Pronoti on Nane column to “source
interarrival args”.

O The dialog box should look like this

Renames/Herge Attributes

Auto fill Promotion Mame | |
Urmodified httributes| AI |M0dified Attributes ||Pr0m0tion Name |AI
altitude | sro. interarrival args |30urce interarrival args |
condition | |
phase | |
priority | |
user id | |

| | | Sort | | L4 | | View Properties | | Cancel | | I3

4) Left-click OK to close the Renane/ Merge Attri but es dialog box.

0 The Model Attribute |Interfaces dialog box displays.

TRY IT...Assign symbolic names to attribute values
Assigning symbolic namesto a set of attribute values providesasimpler, easier-

to-useinterface for a user, because the values you assign are displayed as optionsin
alist. This offers three advantages:
»  Optionscan be limited to particular, appropriate values

*  Options can be assigned descriptive names, making it easier for a user
to select the correct value

* Usersselect values from alist, avoiding typographical errors

Thefollowing exercise shows how to assign symbolic namesto attribute val ues.

1) Make sure the Model Attribute Interfaces dialog box is still dis-
played.
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2) Select the newly-renamed source

interarrival
then click on the Edi t Properti es button.

args attribute;

Attributes: |ﬂttf"ibUtE Name ”Status ” Initial Yalue
phaze zet 0.0
| Edit Properties | priority set 0
=
\/% |30ur‘ce interarrival args | promoted
|user' id | zet 0

]

| Renames/Herge Attributes

=

0 The dialog box showing the attribute’s properties pops up.

3) Create symbolic names for four values. Follow these steps.

a) Add entries in the Symbol Map as shown.

Attribute: source interarrival args

Attribute Properties @ Private <> Public

Data Type Default Yalue |1‘0

| oiee | |

B4 1rherit B4 1rherit
Synbal Hap :

| Symbal || Status || Value |

4 add 4 |

8 add 8 | Inherit

40 add ][40 | Comnents

[e0 || a4 80 | This attribute is a list of

| | | rumerical parameters which

complete the specification
Allow Other Values for computation of packet

interarrival time.
@ Inherit

Mew Symbol @ Inherit

| Delete | |Load public | | s

|| Cancel | | 0k

b) Click OK to close the dialog box.
O The Model

Attributes I nterfaces dialog box displays.
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TRY IT...Hide attributes

1) Hide the altitude, condition, phase, priority, and user
i d attributes. These will cause the attributes to remain hidden on any
node created with this node model. This will not affect a simulation, so
they can be hidden to simplify the node interface. Follow these steps for

each attribute.

a) Click and hold on the status cell in the Attributes table.
b) Select hidden from the pop up menu.

The completed dialog box should look like this:

Attributes: |Httr‘ibute Hame ”Status ” Initial Yalue |
altitude hidden 0.0 | ”
| condition hidden enabled
phaze hidden 0,0
priority hidden 0
Renames/Herge Attributes | | i | | Cancel | | Ok |

2) Click OKto close the Model Attri butes Interfaces dialog box.

The peripheral node model definition is now complete except for specifying the
processor modul€’s pr ocess nodel attribute, which will be set after this process
model has been created. Write the node model to disk.

TRY IT... Write the peripheral node model and close

1) Activatethe Wite Node Model action button.

e

2) Name the file “pksw_node” and press <Ret ur n>.

3) Activate the C ose Node Edit or action button.

¥ | el
CLOLSL
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Creating the Peripheral Node's Process Model

The peripheral node process model must provide two services: (1) assign desti-
nation addresses to packets to be transmitted and send the packet to the transmitter;
(2) when a packet arrives from the receiver, update a global statistic used to record
end-to-end delay experienced by packets. The Fsm will have four states: an initial
state, an idle state, a state for processing packets to be transmitted, and a state for
processing received packets.

TRY IT...Create the peripheral process model states

1) Open the Process Editor by clicking the Process tool button.

Process @A 800

2) Activate the Create St at e action button and place four states in the
tool window.

st_1

3) For each state, open the attribute dialog box and change the following:

(=)

a) For the initial state, change the nane attribute to “i nit” and the
st at us to “f or ced”.

b) For the state at the top, change the nane attribute to “xmt ” and the
st at us to“f orced”.

c) For the state at the middle, change the nane attribute to “i dl e”.
(Leave the st at us as “unf or ced”.)

d) For the state at the bottom, change the nane attribute to “rcv” and
the st at us to “f or ced”.
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The process should now look like this:

Node addresses will be integer values ranging from o to 3. The process model
will use OPNET’ s pre-defined uniform integer por for randomly assigning destina-
tion addresses. In thei ni t state, the process model will load a uniform integer PDF
using arange of o to 3 for possible outcomes.

Inthexnt state, the process model will generate and assign random destination
addresses to packets asthey arrive from theideal generator. The packet will then be
sent out the stream connected to the point-to-point transmitter.

Thercv state is entered when a packet arrives on the stream connected to the
point-to-point receiver. Inther cv state, the process model will subtract the received
packet’ s creation time from the current simulation time and update aglobal statistic
with the resulting end-to-end delay value.

TRY IT...Create the peripheral process model transitions

1) Draw the transitions between the states as shown. All transition execu-
tives are null.

;f' {SRC_AREWL)

-
¢
..-"'-.- -.-."'-.. -\-\ -
([ init ) ' -~ {dsfanlt)
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2) Open the header block and define the transition macros for SRC_ARRVL
and RCV_ARRVL as shown below.

/* packet streamdefinitions */
#defi ne RCV_IN_STRM 0

#define SRC IN STRM 1

#def i ne XMI_QUT_STRM 0

/* transition macros */
#define SRC_ ARRVL ( op_intrpt_type () == OPC_| NTRPT_STRM && \
op_intrpt_strm() == SRC_IN_STRM)

#define RCV_ARRVL ( op_intrpt_type () == OPC_| NTRPT_STRM && \
op_intrpt_strm() == RCV_IN_STRM)

Note the use of constant definitions of stream indices for easier code
interpretation (RCV_I N STRM SRC I N STRM and XMI_QUT_STRM.
The stream indices correspond to the values set in the node model.
Also note the backslash characters at the end of the first line of the
SRC ARRVL and RCV_ARRVL macros; these characters are needed to
extend the macros to a second line of text.

3) Click on the Save button.

(o= =R
.
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4) Using the appropriate action buttons, define the remaining variables.

The i ni t state will load a uniform integer PDF for generating addresses
from 0 to 3. A variable must be declared that will point to the PDFE In
addition to loading the uniform integer PDF, the i ni t state also registers
a global statistic for recording end-to-end delay. This statistic, identified by
its Stathandle, will be written in the r cv state. The variable declarations for
the distribution and global statistic “handles” are therefore in the state
variable block.

a) Open the state variable block and declare variables for distribution
and global statistic handles:

Distribution *\address_di st;
St at handl e \ete_gsh;

Note that the required backslash character must be placed
immediately next to the variable names.

b) Open the temporary variable block and declare a packet pointer
variable to work with code in the xmt and r cv states, then declare a
temporary variable to store end-to end delay:

Packet *pkptr;
doubl e ete_del ay;

5) Declare the global statistic:

a) Activate the Edit d obal Stati stics button.

sl UL
_—
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b) Enter the statistic as shown:

Declare Global Statistics

|Stat Name ||M0de ” Count ”Description

ETE delay Single /A

c) Click on the Description and enter text in the dialog box as shown:

ETEdelay B e——————
1||calculates ETE delay by subtracting “ [
zllcreation time from current simulation H
3| time.

] BAV|
ot || cony [[ peste |
| Read... || Write... || Close || Save |

d) Close the dialog box by clicking on the Save button.

e) Close the Decl are d obal Stati stics dialog box by clicking on
the CK button.

6) Openthei nit state enter executives block and enter these statements to
load a distribution and register a global stathandle for end-to-end delay.

address_dist = op_dist_load ("uniformint", 0, 3);
ete_gsh = op_stat_reg ("ETE del ay", OPC_STAT_| NDEX_NONE, OPC _STAT _GLOBAL );

7) Save the enter executives.
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8) Open the xnt state enter executives block and enter the statements
below.

The xnt state is entered when a packet arrives from the generator
module. A destination address must be assigned before the packet is sent
to the point-to-point transmitter. The code to do this is in the xnt state
enter executives.

The first statement obtains a pointer to the packet arriving from the ideal
generator. The next statement sets the value of the dest _addr ess field
to the value returned by the op_dist_outcome() procedure.

op_dist_outcome() returns a random number according to the
distribution given as an argument. In this case, address_di st is a
pointer to the uniform integer distribution loaded in the i ni t state.

The last statement sends the packet to the output stream, which is
connected to the point-to-point transmitter.

pkptr = op_pk_get (SRC_IN_STRV;
op_pk_nfd_set (pkptr, "dest_address", (int)op_dist_outcome (address_dist));
op_pk_send (pkptr, XMI_CQUT_STRV);

9) Open the rcv state enter executives block and enter the statements
below.

The r cv state is entered when a packet arrives on the stream connected
to the point-to-point receiver. The r cv state’s purpose is to calculate and
record the end-to-end delay experienced by packets via a global statistic.

The first statement in the code obtains a pointer to the packet arriving
from the point-to-point receiver.

The next statement calculates the end-to-end delay by subtracting the
packet's creation time from the current simulation time.

The third statement writes the end-to-end delay to a global statistic, and
the fourth statement destroys the packet.

When a global statistic is written, an entry is made in the output vector file
if the global statistic is probed.

pkptr = op_pk_get (RCV_IN STRV);

ete_delay = op_simtime () - op_pk _creation_tine_get (pkptr);
op_stat_wite (ete_gsh, ete_del ay);

op_pk_destroy (pkptr);

The peripheral node process model definition is complete except for defining
the model interface attributes and compiling the process model.
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TRY IT...Define the interface attributes, compile, then close

1) Usethe Edit Process Mddel |Interface action button to display
the Model Attribute Interfaces dialog box and make the following
changes:

a) Change the initial value of the begsi mintrpt attribute to
“enabl ed”.
b) Add a comment to describe the process.

c) Close the dialog box by clicking on the OK button.

2) Activate the Conpi | e Process Mdel acti on button.

€

3) Supply the file name “pksw_nd_pr oc” and press <Ret ur n>.

4) Activate the Process Editor action button.

o 1

ﬁ If the model does not compile, refer to the Troubleshooting Chapter.

Return to the Node Editor, load the pksw_node node model, and update the pro-
cess model attribute of the pr oc processor module.

TRY IT...Update the peripheral node model

1) Open the Node Editor by clicking the Node Editor tool button.
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2) Read in the pksw_node node model:

a) Activate the Read Node Model action button.

=

b) From the list of available files, select pksw_node.

O The node model appears in the tool window:

3) Open the proc module’s attribute dialog box and change the pr ocess
nodel attribute to “pksw_nd_pr oc”.

O Notice that the begsi m i ntrpt attribute is now “enabl ed”. This
was defined in the process model attribute interface.

4) Activate the Wite Node Mddel action button, then press <Ret ur n>to

keep the same file name.
=)
)

5) Activate the Cl ose Node Edit or action button.

] HC

Construct the network model at the subnet level.

Creating the Network Model
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TRY IT...Open the Network Editor and create the subnet module

1)

Open the Network Editor by clicking on the Network Editor tool button.

Remember you can optionally remove the subnet grid by activating the
action button and setting the dr awi ng

Set

Gid Properties

Hetwnrk-:-: E @ U O

property to “di sabl ed”.

2)

Using the object palette, create a subnet by clicking and dragging the

following icon into the tool window.

subnet

3)

Open the subnet’s attribute dialog box and change the namne attribute to
Hpks\,\ﬂ-”.

O The subnet view, which will initially be blank, will appear.

4) Double-click on the subnet to move to the subnet view.

Note: In this tutorial, the extent of the subnet (rectangular box enclosing the
subnetwork) will not be discussed or used. For the remaining exercises, subnet-
works may be placed anywhere within the workspace and the extent of the subnet

can be ignored.

TRY IT...Specify a keyword in the object palette

1)

Inthe Ohj ect Pal et t e window, click on the Confi gure Pal ette. ..

button.

todel List: (general)

“ ConﬁgurePaIette..KJﬂ Close |

<2

subnet  zubnet ¢mobile) subnet (satellite) atm32_cloud

=

atmd_aalS_server atmd_aalS_whkstn atmd_tep_undp_ip serwer

E

atmd_top_uvdp_ip_station atmd_crosscomnn etheoax®_bridge
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2) Inthe Configure Pal ette dialog box, make sure that the Keywor ds
radio button is highlighted, and click on the Modi fy. ..
Modi fy Keywor ds dialog box, change the St at us for pkswto “set ”.

pkswis the keyword specified when creating the models in this tutorial.

Button. In the

by clicking on their CK buttons.

models developed for the packet switch model.

3) Close the Mbdi fy Keywords and Configure Pal ette dialog boxes

O The object palette now displays only the subnet object and the

Keywords: pksw

|| Gonfigure Faletie... ||| Ciose |

® 0 O —

subnet plsw hub pksw_node pksw_link

Now construct the subnet’s contents by creating fixed communication nodes

and connecting them with duplex links.

TRY IT...Create the subnet contents

1) Create the four peripheral nodes:

a) Find the pksw_node model in the palette.

O

pk=w_node

model.

O O

“rnode_| node_1

“roode_: node

b) Click and drag the icon to the tool window and create four nodes as
shown. These nodes are referred to as instances of the pksw_node

eul
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2) Create the hub node:

a) Find the pksw_hub model in the palette.

O

pk=w_hub
b) Click and drag the icon to the tool window to create the hub in the
center of the other nodes.

c) Open the attribute dialog box for the hub and change the nane
attribute to “hub”.

O O

“rnode_| node_17

1@)

“roode_: node_F°

3) Connect the nodes:

a) Find the pksw_| i nk model.

..--"""r.“r

pk=w_link

b) Draw each link from the node to the hub.

Q,

node_0 hode_17

Nvd

O O

“Thode_2 node 5

These link objects actually define separate, non-interfering paths for
packets between corresponding transmitters and receivers in each
connected pair of nodes.

Before writing the node, check to ensure that all links are consistent.
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TRY IT...Check link consistency, write, and close

1) Activate the Check Li nk Consi st ency action button.

g

2) Verify that the Check Li nk Consi st ency option is checked, then click
on the OK button.

Link Consistency

> Check Link Consistency

<> Reselect Transceivers for Selected Links

= o)

O A message appears in the Message display area.

3) Ifared“X"appears over a link’s icon, the link has an inconsistency. In that
case, follow these steps:
a) Activate the Check Li nk Consi st ency action button again.

b) Click on the Resel ect Transceivers for Selected Links
check box, then click on the OK button.

Link Consistency

<> Check Link Consiztency

@ Reselect Transceivers for Selected Links

| Cancel | | 0k |

O The red “X” disappears when the inconsistency is resolved.

If one or more red inconsistency marks are still displayed, read the follow-
ing discussion and then refer to the Troubleshooting Chapter.

For a link between two objects to be consistent, the packet formats and data
rates of the transmitter and receiver within the objects must match those defined for
the link. For example, an Ethernet node containing a transmitter and receiver must
connect to an Ethernet link. Although it is graphically possible to connect two
Ethernet nodesviaan X.25link, itisnot logically correct and would resultinasim-
ulation error. The datarates defined for Ethernet and X.25 differ and the packet for-

mats may not be supported for the link.

[erioing
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The Check Li nk Consi st ency operation lets you verify that alink is properly
connected before executing asimulation. This operation checks two primary model
components to ensure link consistency:

* Each node must have an available transmitter and receiver.

 The data rates of the transmitter, receiver, and link must be set to the
same value.

*  The packet formats defined for the transmitter, receiver, and link must
have at |east one format in common.

The data rate is the value specified for a transmitter, receiver, or link’s dat a
r at e attribute. When different datarates are assigned to a transmitter, receiver, and
link, opnet marks the link as inconsistent. However, you can set alink’ s datarate to
unspecified t0 cause the simulation to automatically assign a data rate, matching the
transceivers datarates.

When there are no link inconsistencies in the packet switch model, write it to
disk and close the Network Editor.

TRY IT...Write the network model and close

4) Activate the Wite Network Mdel action button.

=5

5) Name the file “pksw_net " and press <Ret ur n>.

6) Activate the C ose Networ k Editor action button.

o

The network model definition is complete.

Specifying the Probe

To record the global statistic defined in the process model for the peripheral
nodes, create aglobal statistic probe.

176-Pst



OPNET Tutorial Manual

Packet Switching Tutorial

TRY IT...Open the Probe Editor and set two probes

1) Open the Probe Editor by clicking on the Probe button.

P
)

2) Set the network model:

a) Activate the Set Networ k Model action button.

Ry £

b) Select pksw_net from the menu of available files.

O The network model is displayed.

Q O .

hode_0 hode_1

0l

hode node_3
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3) Set a global statistic probe:

a) Using the Create dobal Statistic Probe action button,
create a statistic probe and place it in the Probe area of the Probe
Editor window.

pbo

75 =
| 59

b) Open the probe’s attribute dialog box by right-clicking on the icon.

7
1T S

c) Click on the Val ue for the st ati sti c attribute.

O A dialog box appears listing available statistics. Since there is
only one statistic, this one is already selected:

Availlable Statistcs =————————

|Name ||Dim. | Calculates ETE delay by
subtracting creation time
|ETE delay | nfa | from current simulation

| time.

151
[

d) Close the dialog box by clicking on the OK button.

e) Close the attribute dialog box by clicking on the OK button.

4) Set a link statistic probe. Using the Create Link Statistic Probe
action button, create a link statistic probe and place it to the right of the

global statistic probe (pb0). Then right-click on the probe to open the
dialog box.
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5) Change the attributes for the probe.
a) Select the probe, then click on the link between node_0 and the
hub to complete the subnet and | i nk attributes.

b) Left-click on the Val ue column of the channel row to select
channel [O0].

c) Left-click on the Val ue column of the statistic row and select
utilization fromthe Avail abl e Stati stics dialog box.

d) Enterutil astheordinate | abel and press< Ret ur n>.

In the Analysis Tool, the output vector for this probe will have the
name given here as the or di nat e | abel (‘util™”).

The completed dialog box looks like this:

=———————— (pbl) Attributes
|httribute ” Walue ” Units | AI
name phl |
subnet plkswl |
lirk doplex 0 |
channel channel [0]
statistic utilization
ordinate label util
wector data enabled
wector start 0.0 SEC. 7l
D Alzo Apply Changes to Selected Objects
| View Properties | | Promote | | Cancel | | I3 |

Notice that one probe only records one statistic. Next save the probe settingsto
afile so that the simulation program can referenceit.

TRY IT...Write the probe file and close

1) Activate the Wite Probe Mdel action button.

@

2) Name the file pksw_pr obes and press <Ret ur n>.

3) Activate the C ose Probe Editor action button.

E& eul
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Pst.5 Executing the Simulation

The ideal generator attributes were set to create packets of a constant length.
This setting in combination with the fixed datarate used by the point-to-point trans-
mitters and receivers will result in a fixed end-to-end delay time experienced by
packets. However, if two or more packets are sent to a transmitter rapidly enough,
some of the packets will be delayed in the transmitter’ s queue. So, the one varying
parameter that will affect end-to-end delays is packet interarrival time. Set up two
simulations, one with slow arrivals, and the other with rapid arrivals, as shown in
the following diagram.

The promoted interarrival time attribute from the peripheral node model must
be specified. In previous chapters, the attribute was associated with one instance of
the affected model. Even though this model has four peripheral node instances, the
desired attribute is still selected directly from the Add Att ri but e dialog box. The
name of an available attribute includes a wildcard node specification so that the
same value can be assigned in each of the four node instances. For example, in this
network, the same interarrival attribute value needs to be assigned to al four in-
stances of the peripheral node model.

TRY IT...Define the simulation sequences

1) Open the Simulation Tool by clicking on the Simulation button.

Simulalinnfﬂ.’i @U U
)

2) Activate the Create Sinmulation Set Object action button and
place two simulation set objects in the tool window.

), £
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sequence as follows:

3) Open the attribute dialog box for the first object and define the simulation

Simulation Attributes: pkaw_siml

.pksw_siml

Mame s

op_runsim

II

Sim programi

Humber of runs in set:

1

Update intwl: |10

| Animation attributes,..

| Ervironment files,,. |

[:] Use default walues for unresolved attributes

Netuork: [Attributs |[value |

Probe file: | pksu_probes = |[pksul.x.source interar|[40 |

Vector file: |

scalar file: [ | I

Seed: E |

R IENNEEN RS
. B | update | | viewprops | | values... |

ave vector file for each run in set

| Cancel |

simulation sequence as follows:

4) Open the attribute dialog box for the second object and define the

Simulation Attribules: pksw_sim2

.pksw_sinQ

Name:

I I

Sim program: up_runsi'n

Number of runs inset: 1

T

Update intvl: |10

| animationattrbutes... |

| Envirormentfies.. |

Network:  [phewret =] [Attribute [value |

Probefile:  |pksw_probes  =|  |[pkewl +.source intc|d |

Veciorfie:  [phew_outd | |

Scalarfie: [ | I

Seed: |21—|

buration: — [ add. | | mgeni. | | peee |
[ update | [vewsmps | | venes. |

|:| Use default values for unresolved atiributes

ave vector file for each run in set

| Cancel |

TRY IT... Write and execute the simulation sequence, then close

BUl
.

1) Activatethe Wite Sinmul ati on Sequence action button.

2) Name the file “pksw_si ni and press <Ret ur n>.

|eroin|
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3) Activate the Execute Simul ati on Sequence action button.

g9 L0

O opnet displays messages to show when the simulations are complete.

4) Activate the O ose Sinul ati on Tool action button.

3

A\ If the simulation does not execute, refer to the Troubleshooting Chapter.

Pst.6 Analyzing the Results
Display the recorded end-to-end delay from both simulation runs.

TRY IT...Plot both vectors

1) Open the Analysis Tool by clicking the Analysis button.

Analysis R el
_

2) Open the first output vector file:

a) Activate the Open Qut put Vector Fil e action button.

FAL

b) Select pksw_out 40 from the menu of statistics vectors that pops up.

This is the file with slow arrivals (large interarrival times imply slow
arrivals).
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3)

Draw the vector:

a) Activate the Create Single-vector Panel action button.

B

b) Select ETE del ay from the menu of available vectors that pops up.

c) Place the panel within the workspace as shown:

pksw_out40 panel

——+——workspace

4)

Open the second output vector file by activating the Open Qut put
Vect or Fi | e action button and selecting pksw_out 4.

This is the file with rapid arrivals (small interarrival times imply rapid
arrivals).

5)

Draw the vector by activating the Create Singl e-vector Panel
action button and selecting ETE del ay. Place the panel as shown:

——+— workspace

pksw_out4 panel
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End-to-End Delays (linear graph)

pksw_out40

Panel #0

ETE delay

2.9
2.8
a.7
2.6
2.5
2.4
2.3
2.2
2.1

0 0,20 R 0,7h 1
time {sech Cx10003

pksw_out4

Panel #1

ETE delay

4.5

2.5 |

0 100 2010 300 400 500
time i{=zech
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To more clearly see the delay experienced by individual packets, change the
drawing styleto di scr et e in both panels.

TRY IT...Change the plotting style

1) If the first panel is not active, left-click in it to make it active. The active
panel displays a header strip.

2) Open the Edit Zone dialog box by right-clicking anywhere in the
drawing area of the panel.

0 TheEdit Zone dialog box pops up.

3) Change the Draw styl e to "di screte".

Zone #1

Panel #2

Active trace: |ETE delay Dl

Ordinate label: |ETE delay |

Parameter label: | |

Trace color: Set...
Draw =tyle: |discr‘ete r?‘ -
I:‘ Select Trace I:‘ Set A1l Draw Styles

Dictionary: More
Zohe colory Set...

Ordinate Min,: |2 | | Restore default |

Ordinate Max,: [4.97625 |

pixels

@
()
(D)

Zone heights 758

B<] show Grid [ shaw Canf Intul

@ Show Traces

| Apply || fmiste || Cancel |

4) Closethe Edit Zone dialog box by clicking on the CK button.

O The graph panel now displays a discrete graph.

5) Follow Steps 1-4 for the other panel.
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Notice the heavy concentration of two-second end-to-end delay values. Each of
these points results from a packet that experiences two one-second transmission de-
lays, but no queuing delays. Thisis the predominant situation in both runs, but the
run with more frequent packet arrivals results in more frequent queuing delays.

End-to-End Delays (discrete graph)

pksw_out40

Panel #0

ETE delay

2.9
2.8
a.7 «
2.6
2.5
2.4
2.3
2.2
2.1

2 P P T T T R T T R T ] TR T T T o S A

0 0,20 R 0,7h 1
time {sech Cx10003

pksw_out4

Panel #1

ETE delay

4.5 2

I Pot— v o T D T

0 100 200 300 400 G0
time {seci
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The

pointsin the previous graphs represent individual packet delays. The Anal-

ysis Tool can be used to further examine this data using filters. The following pro-

cedurei

TRY IT..

llustrates how to plot the average end-to-end delay over time.

.Filter a vector

1) Activate the Execute Filter Model action button.

== | L0
57

2)

Select ti me_aver age from the menu of available filters that pops up
(you might need to scroll).

3)

At the prompt for a filter product label, press <Ret ur n>; the name of the
filter will be used.

4)

Select ETE del ay from the menu of available vectors that pops up.
This vector will serve as the input of the filter.

5)

Draw the panel anywhere in the workspace.

Time Average Graph of ETE delay

Panel #2

2.5

2.4

2.3

2.2

2.1

time_average

A
YV

0 100 200 300 400 G0
time {seci

Finally, compare the utilization data gathered with the link statistic probe.
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TRY IT...Plot the utilization vectors

1) Activate the Open CQutput Vector File action button and select
pksw_out 40 from the menu of statistics vectors.

2) Draw the vector by activating the Create Singl e-vector Panel
action button and selecting uti | .

3) Repeat steps 1 and 2 for the output vector file pksw_out 4.

Utilization
pksw_out40
Panel #3
util
0,04
0,020
om | N
0,025 f
0,02 r
0,015 r
0,01 fﬂ
0,005
0
0 0,25 0.5b 0,75 1
time {zecy (x1000)
pksw_out4
Parel #4
util
0,35
- h«\}\\
0,25 t M e SN
0.2
0,15
0.1
0,058
0
0 10w 200 300 4001 Ll lu]
time {sec)

Experiment with other filtersif desired, then close the Analysis Tool.
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Pst.7

TRY IT...Close the Analysis Tool

1) Activate the O ose Anal ysis Tool action button.

g

Enhancing the Model with an Additional Subnet

The next experiment is to enhance the model with the addition of a second star
network. The two subnets will be connected via each subnet’ s hub node with point-
to-point links. Several modifications must be made to allow addressing of packets
in either subnet. The hub node model must have an additional point-to-point trans-
mitter and receiver added to accommodate inter-net communications.

TRY IT...Enhance the pksw_hub node

1) Open the Node Editor by clicking the Node tool button.

2) Read in the pksw_hub node model by activating the r ead node nodel
action button and selecting pksw_hub from the list of available files.

0 The node model appears in the tool window:

rowll xmkl
Ll
rowl huh xmtl
alE
Cowvd xmt2
1=
o xmtd
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3) Add a point-to-point transmitter and receiver as shown, using the following
steps:

a) Using the appropriate action buttons, create one pt-pt receiver and
one pt-pt transmitter.

b) Change the nane attributes to r cv4 and xnt 4.
¢) Connect the new modules to the hub with packet streams.

00 The new input and output streams of the hub module default to
stream 4.

4) Set the channel data rate for both new modules to 9600 bps:
a) Click on each new module to select it. (Be sure the “selection
handles” are at the corners of each icon.)

b) Open the attribute dialog box of either new module by right-clicking on
the icon.

¢) Click on the value of the channel attribute.

O A dialog box describing the channel appears.
d) Change the data rat e to“9600".
e) Close the dialog box by clicking on the OK button.

f) Click on the Also Apply Changes to Selected bjects
check box.

g) Close the Attri but es dialog box by clicking on the OK button.

00 The data channel rate for both the new transmitter and the new
receiver is 9600.
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5) Logically associate each receiver with a transmitter, using the following
steps:

a) Activate the Create Logical Tx/Rx Association action
button.

el zmtl
b= T I
rewl hub zmtl

zmt2

rewl

rewd zmtd

O This ensures that associated transmitters and receivers are used as a
pair when connecting links to nodes at the network level.

6) Activatethe Wite Node Mddel action button.and press <Ret ur n>to
keep the same file nhame. Confirm that you wish to overwrite the existing

file.
=

7) Activate the C ose Node Editor action button.

=

Since an extra transmitter/receiver pair is available, the network model can be
expanded to include two subnets which are connected by point-to-point links.

[erioing
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TRY IT...Open the Network Editor and create the subnet module

1) Open the Network Editor by clicking on the Network Editor tool button.

Hetwork <
A—ﬁi{

2) Read in the pksw _net network model by activating the Read Node
Model action button and selecting pksw_net from the list of available
files.

3) Activate the Return To Parent Subnet wor k action button.

7

Rather than building the second subnetwork from scratch, simply copy the ex-
isting subnet.

TRY IT...Create a new subnet by copying

1) Copy the pkswl subnet:

a) Select the pkswl subnet by clicking on the subnet icon.

@ Bl
Sk zwd .

O Note that selection markers appear around the icon.

b) Activate the Copy action button.

cory @O O
Iﬂlﬁ —

O opnet copies the subnet to the clipboard.
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2) Paste the subnet:

a) Activate the Past e action button.

3

O An outline box appears in the tool window.

b) Place the second subnet by moving the outline box to the right of the
first subnet and clicking.

=

pk=wl

O A dialog box appears prompting for a new name suffix.

c) Press <Ret ur n> to temporarily name the new subnet.

3) Open the attribute dialog box for the new subnet and change the nane
attribute to “pksw2”.

4) Using the object palette, connect the two subnets with the pksw | i nk
duplex point-to-point link.

This connection operation searches subnet nodes for available receivers and
transmitters. Only onereceiver and transmitter will be available (xnt 4 andr cv4) in
each hub node. These are the recent additions to the pksw_hub node mode!.
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Add“user id” attributes as shown below so that the model can uniquely iden-
tify each subnet for addressing purposes.

TRY IT...Set the subnet user ID’s, write the model and close

1) Change the user i d attribute for the pkswl subnet:

a) Open the attribute dialog box for the pkswl subnet.

b) Click on the Show all attributes check box to display more
attributes.

c) Change the user i d attribute to “1".

d) Click on the OK button.

2) Change the user i d attribute for the pksw2 subnet to “2”.

O User ID’s for both subnets are assigned as follows:

userid=1 userid=2
@@
pkswl plsws

3) Activate the Wite Network Model action button and press
<Ret ur n> to keep the same file name. Confirm that you wish to overwrite

the existing file.
=)
)

4) Activate the C ose Networ k Editor action button.

3 £

Before the new configuration can be used, the process models must be modified
to handle routing of packets between the two subnets.

There are anumber of waysto deal with the problem of node addressing in dif-
ferent subnets. Any method used must somehow identify the subnet in which anode
resides. Adding another packet field which identifies the destination node’ s subnet
IS an easy way to do this.
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TRY IT...Add another packet field

1) Open the Packet Format Editor by clicking the Packet Format tool button.

Packet E K o

2) Readinthe pksw_f or mat packet format by activating the Read Packet
For mat Mbdel action button and selecting pksw_f or mat from the list
of available files.

3) Activate the Create New Fi el d action button.

BUl
.

4) Set the following attribute values in the second field:

Name: dest _subnet
Type: i nt eger

Size (bits): 0

Default Value: <leave blank>
Set at Creation: unset

TRY IT... Write the model and close

1) Activatethe Wite Paranmeter Mbddel action button.

=i

2) Press <Ret ur n> to keep the same name.

3) Activate the C ose Packet Fornmat Editor action button.

o B

Now the process models must be modified to deal with the new configuration
and packet format.

Peripheral nodes must now assign a destination subnet as well as a destination
node address. The subnet addresswill be one of two integer values: 1 or 2 (theseval-
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ues correspond to asubnet’suser i d attribute). A new line of code in theenter ex-
ecutives for the xnt state will assign a destination subnet that randomly varies
between these values for successive packets.

TRY IT...Modify the peripheral node process model

1) Open the Process Editor by clicking the Process tool button.

Process @A o0

2) Read in the pksw_nd_proc model by activating the Read Process
Model action button and selecting pksw_nd_proc from the available
files.

3) Open the xnt state enter executives block and add the following line of
code (indicated in bold):

pkptr = op_pk_get (SRC_IN STRV);

op_pk_nfd_set (pkptr, "dest_subnet”, (int)op_dist_uniform(2.0) + 1);
op_pk_nfd_set (pkptr, "dest_address", (int)op_dist_outconme (address_dist));
op_pk_send (pkptr, XMI_QUT_STRV);

4) Save the enter executives block text.

5) Compile the process by activating the Conpi | e Process Model action
button. and pressing <Ret ur n> to keep the same name.

[ﬁ e00

ﬁ If the model does not compile, refer to the Troubleshooting Chapter.

The hub node’ s process model must determine which subnet it belongs to and
route packets accordingly. Aninitial state must be added in which the process mod-
el determinesits surrounding subnet.
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TRY IT...Modify the hub node process model

1) Read in the pksw_hub_pr oc model.

O The hub process appears in the tool window:

\
- b {default)
|

(rouicol

2) Create another state, using the following steps:
a) Usingthe Creat e St at e action button, create a new state to the left
of the i dl e state.

b) Make the new state the initial state by activating the Set I niti al
St at e action button and clicking on the new state.

o [
)

¢) Change the nan® attribute for the new state to “i ni t " and change the
st at e attribute to “f or ced”.

d) Create an unconditional transition from the i ni t state to the i dl e
state. This is the default transition.

The modified process model looks like this:

\
V {default)
i
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Each component of an OPNET model isan object. Objectsarerelated hierarchi-
cally in achain of parents and children; an example hierarchy is shown below.

Example Object Hierarchy

Subnet:
Parent: top subnet (object #0)
Children: node

Node:
Parent: subnet
Children: processor module

y

Processor Module:

Parent: node

Children: none (process models
are not objects)

For instance, in this model the hub processor module is an object whose parent
isthe pksw_hub node. OPNET provides a set of Kernel Procedures for object iden-
tification and manipulation. Thei ni t state will use some of these proceduresto de-
termine which subnet the process resides in. Add the necessary variable
declarations and code to the process model as shown (indicated in bold).

TRY IT...Modify the code in the hub process model

1) Open the header block and add the following code (indicated in bold):

#define PK_ ARRVL (op_intrpt_type () == CPC I NTRPT_STRY)
#def i ne OTHER_SUBNET_STRM 4

2) Open the state variable block and add the following code:

i nt \'subnet _id;

3) Open the temporary variable block and add the following code (indicated

in bold):
Packet *pkptr;
i nt dest address;
i nt dest _subnet ;

hjid parent_subnet;
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4) Open the init state enter executives block and add the following code
(indicated in bold):

parent _subnet = op_topo_parent (op_topo_parent (op_id self ()));
op_ima_obj _attr_get (parent_subnet, "user id", &subnet_id);

5) Open the rout e_pk state enter executives block and add the following
code (indicated in bold):

pkptr = op_pk_get (op_intrpt_strm());
op_pk_nfd_get (pkptr, "dest_subnet", &dest_subnet);
i f (dest_subnet == subnet _id)

{

op_pk_nfd_get (pkptr, "dest_address", &dest_address);
op_pk_send (pkptr, dest_address);

}

el se
op_pk_send (pkptr, OTHER SUBNET_STRM);

Thefirst statement inthei ni t state enter executives determines the OPNET ob-
ject identifier of the parent subnet using chained callsto the op_topo_parent() pro-
cedure. The next statement uses this value as an argument to the
op_ima_obj_attr_get() procedure to obtain the user i d attribute of the subnet. Re-
call that theuser id’ sfor the two subnets were set to 1 and 2 with the Network Editor.

Ther out e_pk state enter executives is modified to determine whether a packet
isaddressed to anode in thelocal subnet, or if the packet must be relayed to the oth-
er subnet. Another temporary variable is also added to store the destination subnet
value contained in the packet. The OTHER_SUBNET_STRM symbolic constant refers
to the stream attached to the newly created transmitter linked to the other subnet.
The constant’ s definition is added at the end of the header block.

The modified r out e_pk state sends the packet to alocal node if the destination
subnet value matches the subnet _i d obtained in the i nit state; otherwise, the
packet is sent to the other subnet.

The modificationsto pksw_hub_pr oc are complete. The next step isto compile
the model and close the Process Editor.
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TRY IT...Compile the hub process model and close

1) Compile the process by activating the Conpi | e Process Mdel action
button and pressing <Ret ur n> to keep the same name.

2) Activate the O ose Process Editor action button.

i "

ﬁ If the model does not compile, refer to the Troubleshooting Chapter.

All enhancements are complete. Next, enter the Simulation Tool and read in the
pksw_si msequence. Since there are now twice as many nodes, double the interar-
rival times and name the output files accordingly.

TRY IT...Define the simulation sequences

1) Open the Simulation Tool by clicking on the Simulation button.

Si“‘“mi"“fﬂl’ml eul
)

2) Open the simulation file by activating the Read Si nul ati on Sequence
action button and selecting pksw_si m
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3) Open the attribute dialog box for pksw_si nl and make the following

changes:

a) Change the Vector fil e to“pksw_out 80™

b)

Since there are now two subnets, a wildcard is used for both subnet
and node levels. To make this change, delete the existing attribute,
button.

then click on the Add. . .
c) Change the Val ue to “80".

O The modified simulation attribute dialog box will look like this:

Changethe Attri buteto“.*.source.interarrival

args”.

Simulation Attributes: pksw_sim1
Name: Number of runs inset: 1
simprogram: [op_runsm = | T
Network: __ | Attribute ” Value |
Probe file: | pksw_probes = | *. * source interar:| 80 |
Vector file: I phkaw_out 80 I |
Seed: I21 I
Add... ol Dwinie
Duration:  [1000 | | | [ e | | |
i ! Update Winw B WaEEE ..
pasionns [ e | [vmren || |
|:| Use default values for unresolved atiributes
| Animation attrbutes.. | ave vector file for each runin set
| Envirormentfies.. |
(o]
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changes:

a)
b)
c)
g

4) Open the attribute dialog box for pksw_si n2 and make the following

Change the Vect or fil e to“pksw_out 8”

Changethe Attri buteto“.*.source.interarrival

Change the Val ue to “8".

The modified simulation attribute dialog box will look like this:

args”.

Simulation Attribules: pksw_sim2

pctte v [0

| Animation attributes...

| Environment fies...

Name: Number of runs inset: 1

Smprogram: [op_runsim =] T

Network: [Attribute [[value |

Probe file: | pksw_probes = | ~ + sonrce interar:| 8 |

Veciorfile:  [phew_out® | |

oatrtie: [ I

Seed: [21 |

Duration — [ add. | | mgeni. | | peee |
[ update | [vewsmps | | venes. |

|:| Use default values for unresolved atiributes

| Cancel |

O

5) Activate the Execute Sinul ati on Sequence action button.

5

opnet displays messages to show when the simulations are complete.

ﬁ If the simulation does not execute, refer to the Troubleshooting Chapter.

Now you can create graphs with the Analysis Tool similar to those created for
the original model (see Analyzing the Results on page 182). Looking at a discrete
graph of end-to-end delays from the run with 80 second interarrival times reveas
that there are now two predominant delay times. (For clarity, the lower ordinate
bound has been adjusted in the following diagram with the panel’sedi t Panel di-

alog box).
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Discrete ete_delay Graph from pksw_out80

ete_delap

1.t
0 0.1 n.z2 0.3 0.4 0.5 0.6 0.7 L] 0.9 1

time {=sec) (w1000}

The longer delay times result from those packets addressed to the remote sub-
net. Looking at a time-average graph of the run with 8 second interarrival times
shows that the average delay is somewhat greater than the average delays experi-
enced in the first model. Refer back to the filtering exercises in section Mqt.4, An-
alyzing the Results of Chapter Mqt if needed.
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Time Average Graph of ete_delay from pksw_out80
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Time Average Graph of ete_delay from pksw_out8
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When done experimenting, close all active tools and go on to the next chapter.
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