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OPNET Modeler
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Interaction of
protocol layers

C-Level

#|tcp_manager v3 : CLOSE : Enter, Execs

Fie Edit

Options

@

i Cop_ e attr_get (ici_ptr, "conn_id", &conn_id) — OFC_COMPCODE_F_a|
op_prg_log_entry write (H Toghndl,
"TCP CLOSE failed - unable to get connection ID from com

if (op_ici_attr_get (ici_ptr,
op_prg_log_entry_write (11_Toghndl,

"local _key", &local_key) = OPC_COMPCO
“TCP CLOSE falled - Gnable ©

/* Find a matching TCP socket process. %/
Tch_ptr = top_tch_from_id (top_di_handie,” conn_id,

Tocal_key);
it (::h prr 1= OPC_NILY
o prr-»event = TCRC_EV_CLOSE;
if (op_pro_invoke (Ech_ptr->conn_pro, sv_ptr) = OFC_COMFCODE_FA
p_prg_1ag_entry_write (11_1oghnd1,

ICr CLASE tai1gd = unable’ to invoke TCP socket proc
T
else
1f (tcp_trace_active)

sprintf (msgo, "CLOSE command issued to invalid connection (:
Dﬁ pra_odb_print_major (msgo, OPC_NIL);

Line: 1
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OPNET Modeler

Strengths: Weakness:

e Large library o Physical Layer

e GUI e Result gathering

e Debug e Result visualization
e Support

Modular Concept

Other popular network simulation tools:

NS-2
OMNE T++
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Mobility - OPNET

e Mobility Types:
- Direct
- Trajectory
- Vector
- Cosimulation

e Mobile Objects:
- Subnet
- Node

e Position:
- Latitude
- Longitude
- Altitude

e QOrientation:

- Yaw
- Pitch
- Roll
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Mobility - Trajectory

e List of trajectory entries

Agenda

- Position OPNET Modeler

- Orientation Mobility Pattern

- Simulation time Evaluation
Implementation

e Interpolation between two points Conclusion

iﬁ-]Edit Trajectory Information ﬂ

Trajectony name: IITG_Traiectnr_l,l

| # Poz [m] ‘ ' Poz [m] ‘ Digtance [m] | Altitude [m]| Traverze Time | Ground ‘ Wfait Time ‘ Accum Time Fitch [degrees] Yaw [degreesz) Rall [deareesz] ;I
Speed

1| 271542734 966848152 nda ...0.000000 nda nda 00,00z 00,00 Autocomputed Autocomputed Unzpecified

2 B0E5INTH 2EE. 248152 234.983939 ._.0.000000 2360: 9999531 00.00s 2380 Autocomputed  Autocomputed IJhzpecified

3 TIOFETRY 830294314 227 B00ZED ...0.000000 2275 10000038 00.00s 46 25s Autocomputed  Autocomputed IJnzpecified
.

o | :
[~ Coordinates are relative to object's position Ground zpeed in: I mds j

Digtance in; | meters

Alttude in; | meters

Irzerk Lelete Bedefine... k. I Cancel

T
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Mobility - Trajectory

iﬁ-]Fmiect: ITG_Project Scenarnio: ITG_Pictures | - |EI|5| Trajectom Statuz =]
File Edit Yiew Scenanc: Topology Traffic Services  Protocol:  DES — Position
Windows  Help % position: 26.11 m
:DE@ E:l m[g[@ ﬂ[@[![hla[g Y pozition: 639.74 m Agenda

Termain height: 0.0m

OPNET Modeler

— Current segment [#2]
Length: 503.65m

" Duration: 5087 MObIIIty Pattern

*  Speed: |10 me's hd Evaluation
— Trajectomny .
Implementation

Length: 74364 m
Ciuration: 1ml4. 36z

Conclusion

Diztances in: | meters LI

B2t S o o A A A e _—L—] Trajectory ITG_Trajectory: Segment | x|
Traverze segment at; I'ID IITI.-"S hd|
FEN H i i i i i i
""""" e S S S End at an altitude of: I'I,DDD meters
End with a pitch of: I.ﬁ.utncamputed j degrees
av5
----------- e End with a yaw of: I.ﬁ.utucnmputed j degrees

End with a rall af: IUHSDECifiEd j degrees

4] _;l_l Ywiait at thiz point far; I 0z

1 obiect changed. 11750, 1127.95 Undo || Contiue | Cancel | Complts
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Mobility - Vector

—+] Project: ITG_Project Scenario: ITG_Pictures [ =100 =]
. Bearing ﬂ?ﬂdi‘d: HE;T:I Scenario: Topology Tiaffic Services  Protocol:  DES Agenda
NBSEASHE0 L ® A z2EE
» Ground speed o OPNET Modeler

e Ascent rate Mobility Pattern

Evaluation
x| Implementation

Conclusion
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1 object changed. 111750, 1127.95
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Mobility Pattern - OPNET Library

i] [Mobility Config] Attributes ;|g|5|
Type:| Utiities
| Alttribute | Wallie ;I
% name M obility Config
) |—Mu:u|:ui|it_l,l Modeling Status Enabled
@ [=I Random kohility Profiles [...]
I roms 3
riw [ Default B andom W appaint B andor Y a...
=l row 1
|—F'r-:ufi|e Hame Randorm ' aypoint [Record Trajectam)
|— b obility kodel Fandom " aypoint

[=I Randorm % aypaint Parameters
|— Maobility Darmain M ame
|— %_min [rmeters]
|— _min [meters]
|— %_max [meters]
|—_I,l_ma:-c [meterz)
|— Speed [meters/zeconds)
|— Fause Time [zeconds]
|— Start Time [zeconds]
|— Stop Time [zeconds]

PRI

L Recard Trajecton
row 2

[~ Apply changes to zelected objects

| Find Mext |

I—.ﬁ.nimatiun |dpdate Frequency [z...

[...]

Mot |zed

0o

0o

500

500

uriform_int [0, 10]
congtant [100]

cohstant [10]
End of Simulation
1.0
Enabled
Static,Fandam \wWavpaint,[..]
[~ Advanced
k. Cancel |
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Mobility Pattern - Random Waypoint E

Algorithm 4. Node waits

a certain
amount of time

W/ 3. Node moves

1 . Node towards the
- X new position
ition

Agenda
OPNET Modeler

Mobility Pattern

Evaluation

Implementation
chooses

random pos Conclusion

2. Node selects
/ a uniform 5. Node
Scenario mos;sm*:ﬁuzeie q selects new
Boundary P destination

Mobile
Node
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Mobility Pattern - Random Direction

Algorithm

3. Node waits a
certain amount of

2. Node moves
until it reaches
the boarder of
the scenario

Scenario

Boundary

Mobile
Node

1. Node selects
a uniform
direction and
speed

Agenda

time
OPNET Modeler

Mobility Pattern

Evaluation
Implementation
Conclusion
4. Node selects a

uniform direction
and speed




Mobility Pattern - Random Walk

3.Node waits

a certain

amount of
time

Algorithm

4. Node selects

a uniform
2. Node moves direction and
in that direction speed
for a specified

amount of time

K

1. Node selects
a uniform
direction and
speed

3(

Scenario
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Mobile
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Mobility Pattern - Evaluation

Visualization

- Movement (Debugging)
- Density

- Histograms (Speed)

Simulation
- Area (Square, Rectangle, Torus, ...)
- Long-term simulation
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Mobility Pattern - Evaluation
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Random Waypoint
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Mobility Pattern - Speed Histogram

Random Waypoint Random Direction

’ WSN - Speed Histogram " WEN - Speed Histogram
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Mobility Pattern - Evaluation - Area

Random Waypoint

Or =3 Simtime: 175
200 - ) -
X “ x x
400} g x -
| 1 ] ] 1 I ] 1 1 J
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Mobility Pattern - Implementation

Centralized Mobility Management

i—]Pmiect: ITG_Project Scenario: ITG_Pictures [Subnet: top.Office Metwork ] [m] 4
File Edt “ew Scenanos JTopology Traffic Services  Protocols DES  Windows  Help

BEEEERL EILE ﬁllln[a[.r[ ] 1]

N
é‘nohlle_node_i ; mobgeﬂ i
Mobility |
Management _.,ﬂ
| [1247 60, 557.20

Advantage: Disadvantage:
e Group mobility models e No individual movement
e Group statistics o Difficult to implement
o Fast reconfiguration
o No modification of other

models needed
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Mobility Pattern - Implementation

Decentralized Mobility Management
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| Attribute | Walue ﬂ
(¥ - name mabile_nade_1
@ |- tajectory YECTOR
=l Mability
) F Movement

t anhatten Mobility
=l Random Direction
|—3tart_time [zec]
|—end_tirne [zec)
|—speedmin [mnz)
|— speedmax [my's]
@ L pause [zeconds)
Fandom walk
Fandom W aypaint

1,000,000
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Straight [...] LI

[ &pply changes to selected objects [ édvanced

[ EndNen | gk | Concel |
Advantage: Disadvantage:

e Individual configuration

e Simple to implement

Individual statistics

e Group statistics
o Slight modification of

existing models needed
(process model, attributes)
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Mobility Pattern - OPNET - Implementation E

Vector based movement:
e Frequent position updates
o Faster simulation S ————

e Simplifies the implementation Evaluation
(move and stop phase) Implementation

i—]Node Model: wlan_station_ady - |Elli|
File Edit Inteffaces Objects ‘windows Help

Agenda
OPNET Modeler

L B L E L Conclusion

LI

Implementation:

e Add a process model to the
nhode model

e Promote its attributes

e Divide the movement into
move and stop phases

. of

|Fieading File [D:\PROGRA™TA0PNETH 2.0 A models stdvwireless_lanswlan_mac_ir
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e Implement your own mobility model
(or use at least OPNET Modeler 14.0) Agenda

OPNET Modeler

" g " Mobility Pattern
e Visualize the movement to verify your model

Evaluation

Implementation

e Consider the characteristics of the mobility model Conclusion

Transient phase
Stability
- Node density

Correlated movement

- Impact of simulation area
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