OPNET /Riverbed Modeler:

Building Network Topologies

Roman Dunaytsev

The Bonch-Bruevich Saint-Petersburg
State University of Telecommunications

roman.dunaytsev@spbgut.ru

Lecture Ne 3



© Network topologies

© Object palette

© Building network topologies
@ Verifying connectivity

© Failing and recovering objects
© Subnets

@ Annotation palette
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Outline

© Network topologies

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 3 3/ 70



Network Topologies

e Personal Area Network (PAN) — a network used for
communications among devices close to a person

o Local Area Network (LAN) - a network covering a small
geographic area, like a home, office, floor or a building

o Campus Area Network (CAN) — a network made up of an
interconnection of LANs within a limited geographic area

e Metropolitan Area Network (MAN) - a network spanning a city

o Wide Area Network (WAN) - a network, which provides
communications support to an area ranging in size from a region,
country, or even a good portion of the entire world

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 3 4 /70



Network Topologies (cont'd)

@ Communication networks can be categorized by their scale
o But beware of absolutes!
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Network Topologies (cont'd)

‘Characteristic

‘LANS

’WANS ‘

Number of users

Shared by a relatively small
number of users

Shared by a large number of
users

Topology

Usually limited to bus, ring,
star, or tree

Virtually unlimited design
capability

Data routing

Normally follow a fixed route

Use dynamic routing to
reroute data in case of I|_nk
failure or excessive traffic

Ownership An organization that installs | The construction of a WAN
a LAN normally owns all of  |requires the leasing of
the components, including transmission facilities from
the cabling one or more operators
Regulations Primarily in the areas of Subject to a number of

building codes (level of
electromagnetic emission,
type of wiring, etc.)

governmental regulations at
the local and national levels
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Network Topologies (cont'd

@ Most LANSs are designed to operate based on the interconnection of
nodes that follow a specific topology

@ Physical topology — describes how the nodes are physically

connected
e Some of physical topologies are variants of others

— S Lok

Point-to-point  Bus Ring Star
Tree Full mesh Partial mesh
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Network Topologies (cont'd)

@ Logical topology — describes how information is passed among
nodes

@ Basic logical topologies:

o Bus
e Ring
o Star

@ The physical and logical topologies are independent(!) of each other

o A network may be laid out physically in one fashion but operate
logically in an entirely different manner
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Network Topologies (cont'd)

‘Topology lPhysicaI ’Logical ‘
Bus All nodes are connected to a |All data are broadcast to the
single continuous cable entire network
Ring All branches of the network |Data flow from one node to
are connected to a closed the next in an ordered
loop sequence; when the data
reach the last node, they are
returned to the originating
node
Star All branches of the network |A central node directs all
are connected through a network transmissions so
central node data are only delivered to the
nodes they are intended for
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Network Topologies (cont'd)

@ Physical topology vs. logical topology

&
o4

P

Physical topology: star Logical topology: star

Logical topology: bus Logical topology: ring
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Outline

© Object palette
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Object Palette

o Object Palette — provides access to all OPNET /Riverbed models

File Edit View Scenarios
Help

Topology

B2 Project: project] Scenario: scenariol [Subnet: top Office Network]

Traffic Services Protocols NetDoctor  Flow Analysis
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=

Search by name: |

Drag model or subnet icon into workspace

«

intemet_toolbax

<3 Node Models

100DBaseX_LAN
100Bas=T_LAN
10BaseT_LAN

3Com CB3500

Application Corfig
AS_GRFA0D_4s_a2_se3 f4_sl2
Bay Networks Centilion 100
Gisea 4000

&h16_ethch16 fddiT6 tr16_switch
eth2_fddi2_ir2_switch

29 ethd_ethianz4 fddi4 tré traned_swich
eihd_fddid_ir4_snitch
€h6_ethch_fddi6 ir6_swich
ethemet 16_switch
ethemet2_sip8_firewall
ethemetd2_hub
ethemet_sip8_atwy
ethemet_sever

ethemet_wkstn

IP ttibute Corfig

IP VPN Corfig

032 cloud

OO HaEl

[

PG I £

-
Create Custom Model

Fired Node
Fired Node
Fixed Node

Ficad Node
Ficad Node

Ficed Node
Ficed Node
Ficed Node
Ficed Node
Fired Node
Fixed Node
Fixed Node
Fixed Node
Fixed Node
Fixed Node
Fixed Node
Fixed Node
Fied Node
Fixed Node

1000
1008
10Ba
Applic
Ascer

Logical Subnet
v | @
Frew
P Satelte Subnet
IP R Q
Ether
Ether Mobile Subnet
1Pay Q
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Scbnet
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Close Help
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Object Palette (cont'd

@ Open Object Palette

&3 Project: project] Scenario: scenariol. [Subnet: top.Office Nefwork]
File Edit View Scenarios [Topology] Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help Open Object Palette.
Open Annotation Palette Bl B BEE 19 E
Subnets »
[SIE=EE=]
Import Topology L ——
Find Next
Import Performance Metrics » T |
Configure Link Delays 3
. Fixed Node 1000
Model Assistant » Fixed Node 1008
Fixcd Node  10Ba
Create Custom Device Model..
e Rapid Configuration. Fixed Node  Applic
Delete Unconnected Nodes. Foed Node:  Aeocy
Deploy Wireless Network...
=0 Open Edge Connectivity Wizard... Ficed Node
Fixed Node Q
Termain ) bich  Ficed Node
v S EZS ZZSZ Logical Scbnet
025 Clear Trajectory Assignment. Fixed Node  Ether O
Fixed Node  Firew
Random Mobility » Food Node Bt Satelite Subnet
Fixed Node  IP Rc.
70 Import STK Orbit, Feed Node  Ethed
. Fixed Node  Ether Mabie Subnet
Verify Links. CirbeL Pomdtods  [Pio)
Fixed Node O
e Shared Risk Groups. 3 Poatds T
v Subnet
Fail Selected Objects
omrighe @9 36 mpants ey RecoverSelected Objects
ETEESIE T
o Recover All Objects Gose Hebp

Network Model
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Object Palette (cont'd

o internet toolbox - the default model family

{8 Project: project! Scenario: scenariol. [Subnet: top.Office Network]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV D
Help
as Heo 29T gmAalE#dA0BE 088
2 22 280 3 Object Palette Tree: projectl-scenariol
Search by name: |
128 Drag model or subnet icon into workspace.
Y intemet toolbox
<=3 Node Models
250 E 1000BaseX_LAN Ficed Node 1000
£ 100BaseT_LAN Fied Node 1008
B 10BaseT_LAN Fiied Node  10Ba
] 3Com CB3500
e = fpplication Corfig Fired Node  Applic
& AS_GRFADD_45 a2 ae i4 sl Fixed Node  Ascer
{21 Bay Networks Centilion 100
{2 Cisco 4000
e B eih16_ethoh16_ddiT6_tr16_switch Fixed Node
B eth? fddi2_r2_switch Fixed Node Q
ethd_ethlaned fddid ird tfaned_swich  Fired Node
ethd fddid_ird_sich Fixed Node Logical Subnet
th6_ethchb_fddi6_ir6_swich Fixed Node
oz ethemet16_swich Fixed Node  Ether: Q
£ ethemet2_sip?_firewall Ficed Node ~ Firew:
=] ethemet3z_hub Fuxod Node  ther: Satellte Subnet
ethemetd_slpé_giwy Fed Node  IP Ric Q
™o ethemet_server Fixed Node  Ether
5 ethemet_wkstn Fixed Node  Ether Mobile Subnet
IP Attribute Corfig Fixed Node  IPday.
ﬂ IP VPN Config Fixed Node O
878 - +) 032 cloud Fixed Node \Pjﬂ
q ‘ ‘ > Subnet
b ) i e e R
[cvsy anfarmaticn 12 Sopyrigne o) 204 Create Custom Model

Network Model
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Object Palette (cont'd)

@ Any other model families can be specified during project creation

&8 Project: project] Scenario: scenariol. [Subnet: top] [o[@] =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

| |8 Startup Wizard: Select Technologies ==
Select the technologies you wil use in | Model Famiy Include? |
o your network. o o |
3DNV_Animations No
ACE No
Hctel_Lucent No
applcations No
‘Ascend No
atm No
|5 aim_advanced No
atm_lane No
atm_lane_advanced No =
Successfull Imported MIF file world B
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@ You can

Roman Dunaytsev (SUT

ect Palette

cont'd

change the scenario’s default model family (default palette)

8 Project: project] Scenarios scenariol [Subnet: top Office Network]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Window
Help
OGN EBEe 2L TTFT AmAE *x20BE &A
o 22 =0 3 Object Palette Tree: projectl-scenariol =
‘Search by name: £ind Next
L3 Drag model or subnet icon into workspace
= —
4 Node Models Make Default Palette
=0 -2 pplication Corfig Fxed  Openlnlcon View
E Profile Corfig Fixed Configure Inlcon View
- 2% receiver_group_config Fixed
% Task Config Fixed ‘Add All To Network's Private Palette
o © wien2 router Fued  Add All To Default Palette: intermet_toolbox
£ wlan2_router Mobie 5 palette As.
=] wian_eth_bridge Foced
€ wian_ethemet router Fued  Clear This Palete
oo 3 wian_sthemet_router Moble  permove This Palette
€ wlan_ethemet_slip4_router  Foed -
€ wlan_sthemei sip4_mouler  Mobic Node  Wireless LAN, Ei
© wlan fddi2_tr2_router Fied Node  Wircless LAN anc Logical Subnet
© wlan fddi2_tr2_router Mabie Nods  Wircless LAN anc
025 € wan_f2_a_router Fixed Node  Wireless LAN. Fre
€ wlan_fr2_a_outer Mobie Node  Wircless LA, Frc
f wlan_server Fixed Node  Wieless LAN Ser SETE
[ wan_server Mabie Node  Wircless LAN Ser Q
== 8 wlan_station_adv Ficed Node  Wireless LAN sta
B wan_station_adv Mobie Node  Wircless LAN star Mabie Subnet
B wen_wksin Fued Node  Wireless LAN Wi
B wen_wksin Mobie Node  Wireless LAN Wc Q
8 4 Link Models ]
L 3 Subnet
. r
lespyrisn (o) 2016 wapinto carperacs
[Crey imformacion 15 copyrighe Ce> 204 Crests Custom Model o e
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Object Palette (cont'd)

@ Models: Node, Link, Path, Demand, Wireless Domain, Shared

K8 Project: project] Scenario: scenariol. [Subnet: top Office Network] [=[=@]=]
ject: proj P
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design
Help
AERANHE 0 22FFE A mARE #&#0BEE UG
o = 280 2 Object Palette Tree: projectl-scenariol
Search by name: [
128 Drag model or subnet icon into workspace
1 Node Models B
1 Lnk Models
20 1 Path Models
1 Demand Models
1 Wireless Domain Models
={3_Shared Obiect Plsites
Lom
by
e &1 DMV Animatons
e
51 Acatel_Lucent
g applications
=28 A1 Ascend Q
31 am
3 atm_sdvanced Logical Subnet
31 atm_Jene
= 3 stm_lane_advanced Q
Avici
o
3 By Hetuis Satelite Subet
-] bridges Q
o
=8 -3l Brocade
31 Cabietron Mabie Subnet
3 Cisco Q
cliert_server
e A domards
4 Subnet
=
Jeopyrisht. (<) 2086 Maptnfa Carparats
j’ et o 1 Create Custom Model.. Close Hep
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Object Palette (cont'd)

@ Node Models - contains models of the communicating devices such
as hubs, switches, routers, gateways, workstations, and servers

&3 Project: project] Scenario: scenariol [Subnet: top.Office Network] [

o [@]=]
DES 3DNV Design Windows

File Edit View Scenarios Topology Traffic Senvices Protocols NetDoctor Flow An

Help
OBSHANEEO2LFET AmANE Xk #0BEE UE &

{3 Object Palette Tree: projectl-scenariol =

earch by name: | ind Next

Drag model or subnet icon o workspace

=
-3 Fixed Node Models
- 23 By Name

@] By Machine Type
] By System Object ID
23 By Vendor
- =] By Iniefass Type
-3 Mobile Node Models
3 By Name
B2 By Machine Type
- B By System Object ID
21 By Vendor Q
B By Inteface Type
B3 Satelits Node Modsls Logical Subnet
23 By Name
[ ] By Machine Type Q
{2 By System Object ID
B{0 By Vendor Satelite Subnet

@] By Ineface Type Q
750 21 Link Models
21 Path Models Mobile Subnet

{21 Demand Models
2 Wirsless Domain Models O

575 70 Shared Obiect Paeties f
e | 3

Le]

eoprrisn 3 2015 mprnts corgor

el |
A= s e | [EeoeeT
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Object Palette (cont'd)

o Link Models - contains models of the links such as 1000Base-T
Ethernet link, T1 duplex link, and 16 Mbps Token Ring

&3 Project: project] Scenario: scenariol [Subnet: top.Office Network]

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor FlowAnalysis DES 3DNV Desig

Help
OBSHANEEO2LFET AmANE Xk #0BEE UE &

{3 Object Palette Tree: projectl-scenariol

earch by name: |

Drag model or subnet icon o workspace

Duplex Link Models
[ L1 By Name J
=] By Inteface Type
=+_Simplex Link Models
- 2 By Name
B By Inteface Type
£+ Bus Models

21 By Name
- ] By Ineface Type
£+ Bus Tap Models Q
2 By Name
& By Interface Type Logical Subnet
2 b (2modek)
[ @2models) Q
B3 ethtap  (2modeks)
A eth_tap BusTap  Ethemet Bus Tap SEpar
AT ethtap sy BusTap  Ehemet Bus Tap Q
s £ Path Modsls
{2 Demand Modsls Mobile Subnet
1 Wireless Domain Models
<3_Shared Object Palettes O
75

. K 3om ﬁ o

Create Custom Model. Close: Help
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Object Palette (cont'd)

@ Shared Models - contains a collection of different models grouped
according to common properties such as vendors or technologies

&3 Project: project] Scenario: scenariol [Subnet: top.Office Network] [e@]=]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor FlowAnalysis DES 3DNV Design Windows
Help
O RaNHEO2LCET HithA ME Xk #0EE UM
2 22 20 {3 Object Palette Tree: projectl-scenariol ol e =
52| Seanch by name: | Find Next.
125 Drag model or subnet icon into workspace
®{] Node Models 4
(] Link Models
o 5] Path Models
(] Demand Models
) WWireless Domain Models
3= Shared Obiect Palattes
Com
s IDNV_Arimatons
ACE
Acatel_Lucert
pa ™ @
am
atm_advanced Logical Subet
aim lane
[ atm_lane_advanced Q
Avic
21 Boy Networks Satelite Subnet
bridges Q
= Brocade
Cabletron Mobie Subnet
Gsco
75 A demancs ]
| v Subret
. O
Jcspyrisne () 2018 napinte corparac
ikt el S Create Custom Model. Close Help
8
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Object Palette (cont'd

@ Model naming conventions

&8 Project: project! Scenario: scenariol. [Subnet: top.Office Nefwork]

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV

Help
0= Be2oFFTF AmANE *&#0 BE UMEEE
2 Object Palette Tree: projectl-scenariol
Search by name: [
128 Drag model or subnet icon into werkspace.
&1 acom =]
E+3 Node Models
oo BB 3C_CBI500 4 ac2t Fixed Node:
@ 2C_CBIN00_14s a2 ac20) fe10_oe2 Fixed Node:
@ 2C_CBI000_145 a2 fe20 ge2 Fixed Node:
@ 2C_CBI000_14s_ad_acdl fe20_oed Fixed Node:
e @ 2_CBY000_14s_a3_ackl fe30_oeb Fixed Node:
@ 2C_CBI000_14s_a3_acd) fedd oe8 Fixed Node:
@ 3C_NETBuilderl| s a2 1 fe2 sl4 Fixed Node:
@ 2 NETBuiderl| s a2 12 f1 fel si4 trl Foed Hode
o B
B 3_SSI_3800_2s_se?4 ge Fued Node - Q
B 30_S50_3300_ds_ae144_geb Foced Node
B 3C_551_9000_1s_ge8 Fixed Node  * Logical Subnet
{1 3Com
2 {1 3Com CB2500 O
{1 3Com CB3500
2] 3Com CBS000-12 Satelite Subnet
{21 3Com CBE0004 Q
™ {21 3Cem CB7000
{21 3Com SSII 1100 Mobile Subnet
1 3Com SSII 3000
{2 3Com SSII 390024 Q
#1a 471 2Com SSII 3900-26 Jd
< v Subnet
lcopyrishe (=) 2018 mapinfs carporasi r
j’ infarmation s Sopyrisht (9 24 Model Details | Create Custom Model. Close Hep
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Object Palette (con

@ 3C _SSIlI 1100 3300 4s aeb2 e48 ge3

3C_... 4s = a stack of 4 switches manufactured by 3Com, Inc.
SSII_ 1100 = SuperStack Il 1100

SSII_ 3300 = SuperStack Il 3300

aeb52 = 52 auto-sensing Ethernet ports

e48 = 48 Ethernet ports

ge3 = 3 Gigabit Ethernet ports
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Object Palette (cont'd

@ Use 'View Model Details’ or 'Model Details’

Help

B2 Project: project] Scenario: scenariol [Subnet: top Office Network]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES

N ACFT AmANE *xADBE

EEI=E]
DNV Design  Windows

o 25 0

%0

75

00

025

s

Jcopyrighe ey 2016 carparati
Jerty infarmation i3 copyrishe o) 201

2 Object Palette Tree: project] -scenariol

Search by name: |

Drag model or subnet icon into workspace

3 3Com

E+Z3 Node Models

B 30_CBI500_fs_ze2d
3C_CBS000_1ds_=2_ae20_fel0_ge2
3C_CB3000_14s_a2_fe20_ge2
3C_CBS000_14s_a4_aed0_fe20_ged
3C_CBS000_14s_a8_ae60_fe30_gef
3C_CBSD00_14s_a8_aeB0_fedl)_gel
3C_NETBuilderl_6s_a2 f1_fe2_sid

C_551I_3800_2s_ae24 ge
C_SSII_3900_45_ae144_ge6
C_SSII_9000_Ts_ge8

LCom

Com CB2500
3Com CB500
3Com CBE00G-12
3Com CBE000-4
3Com CB7000
3Com 551 1100
3Com 5511 3000
3Com 5511 3900:24
3Com 5511 3900-36

30000000 D0 e s S e s sss

«

-
Model Details | Create Custom Model

Fixed Node
Fixed Node
Fixed Node
Fixed Node
Fxed Node
Fxed Node
Fxed Node

3C_NETBilderl|_8s_a2_e12 f1 fel si4_trl _ Fixed Node
3C_SSIl 1100 3300 4s 252 48 o
View Model Details

Add To Network's Private Palette
Add To Default Palette; intemet_toolbox

Remove From Palette: 3Com

1_1100_330
62_e43_ge

'y &

telite Sbnet
Mobie Subnet

®

ﬁ Subnet
Close Help
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Object Palette (cont'd

@ See 'Model Description’

&8 Project: project! Scenario: scenariol. [Subnet: top.Office Nefwork]

File  Edit
Help

Scenarios

View

Topology

Traffic Services Protocols NetDoctor  Flow Analysis

DES 3DNV

HeoQEFT AN ®4 A0 BE UM e

B2 Object Palette Tree: projectl-scenariol

Comments

€3 Node Model Description: 3C_SSI1100_3300_45_ae52_ed8_ge3

[E=8 EoR =)

Parent model

Model Description:

Keywords
node
switch
3Com
ethemet
10BaseT
100BaseT

10020y

Attrbutes

3C_SSI|_1100_3300_4s_se52_e43_ge3_adv

View Parent

‘Supparted node types
A |Nnde Type | Defauit lcon
fxed sw_3com

Atrbute Name

Bndge Parsmeters

Delay. Jiter and Loss

LACP System Priorty.

Switch Port Corfiguration

Switch Port Group Cortfiguration

Sitch System Managemert Parameters
System Information

Edt.. | DewveMew.. | Documentaton

Initial Value
)
Unassigned
32768

)

None

Net Configured
)

|| View Se Descrpton |

Close

Logical Subnet

Satelite Subnet

Mobie Subnet

Subnet
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Object Palette (cont'd

e Compare with an abstract node in ns-2 (network simulator v2):
o set node_ 0 [$ns node]

{3 Project: projectl Scenario: scenariol [Subnet: top.Office Network] =
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor FlowAnalysic DES 3DNV Design Windows
Help
Eay=3 BEO LT gmANE & 20 BE 1UME &
o = =0 (&3 Object Palette Tree: projectl-scenariol
Search by niame: | Find Next
& Drag model or subnet icon into workspace
Fued Node
=X
b Edit Attributes 3C_S511_3800_25 a2t ge Fred Node
ot Norme 3C_SSII_3900_ts_me 44 ge6 Fred Node
3C_SSII_5000_Ts_ge8 Fired Node
Ul [ 3om 1_1100_330
- Edit Node Model [2) 3Com CB2500 0_4s_ae52_edB_oe
Edit Decumentation [] 3Com CB3500 3
Edit Attributes (Advanced) INode Description: 3C_SSI1100_3300_4s_ac52_e8_ge3 =]
Add Ports.. —
- it Options
Feature In Showcase » FIToR]
Attribute Reports » [fiodeT Deseription:
25 iew Node Description -
Select Similar Nodes
Edit Similar Nodes [Tne 2c_5537.2100.3300.45.aes2_e+8_ges
device model represents a stack
50
Fail This Node w0 superstack 1T switch 1100
chassis, and
Edit Aliazes auD 90 SUPEFSERCK IT Switen 3300
s Choose Individual DES Ststistics |
View Results [hree of the above four chassis are
— equipped with an optio orc
jcity safer  Open DESLog 10008asex Gigabit Etnernet moduie. The
A000pasex SgabIc tnernet nodiie -
Bring To Front
e 1 B
Send To Back e B8l
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Object Palette (cont'd)

@ Searching for models based on their names

&8 Project: project! Scenario: scenariol. [Subnet: top.Office Nefwork]

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV
Help

2 Object Palette Tree: projectl-scenariol
Search by name:
128 Drsgmodel or subnet icon into workspace | Name substring to search for|
0 s (59 models) |
2] fi54 (1model)
2 fi8* (6models)
20
2] frelay ™ (1 model)
{21 Front * (1 model)
0 Fs* (68models) B
] Hizz® (2models)
o {21 haipe ™ (3models) J
{3 HoLC® (1model)
23 HLA® (1model)
0 23 HLA3® (1model)
] HLAIST6 (1 model) Q
£ Host* (2 models)
1 HP- (34 modsis) Logical Subnet
{21 HP9000 - (20 models)
2 {21 HPApha* (24 models) O
{21 HPUX® (1 model)
£ M- (112 modsls) SEBETT
£ Intel = (58 models) Q
=0 3 P (3models)
3 P Atrbus Config  Fixed Node  |Player Atrbute Dfiner Mobile Subnet
L& e Corig Ficed Node
1|2 phone ficed Node _IP Phone Q
#1a 71 0327 3 models}
< | v Subnet
lcopyrishe (=) 2018 mapinfs carporasi r
j’ infarmation s Sopyrisht (9 24 Model Details | Create Custom Model. Close Hep
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Object Palette (cont'd)

@ Not all model names contain complete words!

&8 Project: project! Scenario: scenariol. [Subnet: top.Office Nefwork]

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis

Help

FDEEEE T

DES 3DNV

Design

Airh AN 2k #A0BE LS

2 Object Palette Tree: projectl-scenariol

Search by name:

Drag model or subnet icon into workspace

128

£ Node Models

= £ Demand Models

1 Wireless Domain Models

5{3_Shared Chiect Palettes
1 3Com

3DNV_Arimations

ACE

Alcatel_Lucent

applcations

Ascend

s

00

atm_advanced
atm_jane
atm_lane_advanced
Avici

Bay_Networks

025

client_server

LE) demands

P e i L

‘
r

Create Gustom Model

lcopyrishe (=) 2018 mapinfs carporasi
Jeity nfarmation is copyrisht (o) 208

o

Close

Logical Subnet

Satelite Subnet

Mobie Subnet

Subnet
Help
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Object Palette (cont'd)

@ Use 'Create Custom Model’ to create your own custom node models

I3 Create Custom Device =G
Device type:

% Router A

+2] Bidge
= Hub

=84 Switch
! ATM

-+ FDDI

-+ Frame Relay
Frame Relay / ATM
LANE
Multprotocol Swich

85P

Parameters Icon:

Parameter Value -l
BPDU Service Rate fpackets/sec) 100000

Packet Senvice Rate fpackets/sec) 500000

Include Routing Module (RSM)  Ho

Switch Information
Ethemet

Router Information
ATM

DOCSIS

Ethemst

Ethemet LANE Ed...
FODI

Frame Relay
sLP

Token Ring
TR1aNE

Destination palette: [my_model_list j

=

sooao

oK Cancel
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© Building network topologies
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Building Network Topologies

@ Methods for building network topologies:

© Manually, by dragging and dropping objects from the Object Palette
window to the Project Editor workspace

@ Manually, using the Topology = Rapid Configuration... command
from the toolbar to specify and build a complete network topology
quickly

© Automatically, by importing the network model from an external data
source — either a system that monitors your network or one or more
data files that describe the network
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Building Network Topologies (cont'd

@ Riverbed Modeler Academic Edition 17.5 vs. OPNET Modeler 14.5

2 Strtup Wiead: il Topology ==

Ll Stortup Wizard: Intil Topology

[Vou cor st vt o oty ok [l Toploay [You con o i gty ot
and i your ek uo o and s your e g s

o st s s ot fom AopTansacion et o s a2 souce.
Inpotfom AT et ke

oot fom Greuk Swtch Te Fies

Inpot o Devie Corfgatons

Inpot o PSTH Tex fles

oot om VIE Sever

oot fom XL

e |CEET ae

Il import from AppTransaction Xpert
Appiication Details

I;L\L@

Neme: [Specty. Specify:
- [1
Repeat: times per hour using the fallowing i |, Application name.
 infinite 2. Application repetition per user.
Coom: [T 3. Maximum number of repetitions
Contained Tasks
[Tesk ™ [Transacton Modsl Name Tier | [Click "Add Task to select the Transaction
1 s Model files(s) to be included as part of this

1405_single_user_single_transaction atcm application.

bidiectional_iraffic_gencrator aedm

Mote:

BT s Lerpain 1. All induded tasks must have the same

f name for the first talker (for example,
'client’). The first talker is the tier that
sends the first packet in the Transaction
Model file.
2. 1f "Filter based on First Talker" is
selected, the "Transaction Model Name"
¥ Fiter based on Client Ter menu (center column) fifters its contents to

show only files with the same first talker as
e = hnes it s IEl
Nest > Cancel

& Simulation Lecture

| I

L
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Building Network Topologies (cont'd

e Adding nodes from Object Palette

&3 Project: project] Scenario: scenariol. [Subnet: top.Office Nefwork]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
0= Be2AFFFAmARE *x#0BE
3 Object Palette Tree: projectL-scenariol (===
Search by name: | Find Next
128 Drag model or subnet icon into werkspace.
L r—— Defack ] =]
4 Node Models =
. B 1000BaseX_LAN Fixed Node 1000 =]
i 100BaseT_LAN FiedNode 100B | cthemet server
noda 0 B2 10BaseT_LAN Fixsd Node  10Ba
L] om CE3500
e  foplcation Corfig Fixed Node  Apple
G A5 GRFAD0_4s 2 0c8 14_ 52 Fixed Node  Ascer
{1 Bay Networks Centilion 100
{23 Cisco 4000
0 ethl6_ethch16_fddi16_1r16_swich Fixed Node
eth?_fddi2_r2_switch Fired Node Q
B ethé_ethlaned_fddid_ird raned_swich  Fixed Node
node_L ethd_fddid_trd_switch Fixed Node Logical Subnet
&th6_ethch6_fddi6_tré_switch Fixed Node
oz ethemet 16_switch Fixed Node  Ether. O
& ethemet2_sip8 firewall Fixed Node ~ Firew
-] ethemet32_hub Fixed Node  Ether. Ea
- elhemem hpx : atwy Ficed Node I Rc Q
(&Y 2d Node-
= ememe« wkm Fired Node  Ether. Mobile Subnet
= 1P atrbute Corfig Fixed Node  1Pay
B e venconig Fixed Node O
ey =) 1032 cloud Fired Node [P Cle ™
< | v Subnet
Jeopyrisht (<) 2016 Maptos carparatial |
j’ infermacien s SeRmisns © 3% Model Detais | Greate Custom Model.
Defining new object. [sthemet_server]

Network Model
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Building Network Topologies (cont'd

e Adding links from Object Palette

&3 Project: project] Scenario: scenariol. [Subnet: top.Office Nefwork]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows

Help
0= Be2AFFTF A AN *&#0BE UMEEE
2 Object Palette Tree: projectl-scenariol [El=]=]
Search by name: | Find Next
j23 Drag model or subnet icon into workspace
W chemel_sewver Fired Node  Efei <]
B cthemet_wisin Fired Node ~ Ethe
= P Atibute Corfig Fixed Node [Py
=8 E 1P VPN Config Ficed Node 1008zseT
5 -} ip32_cloud Fixed Node 1P Ci
(i B pop_server Fixed Node ~ PPP.
d ppp_wkstn Fed Node PP
nE ’ Profile Contfig Fixed Node  Profil
i QoS Attbte Corfig Fixed Node 1P
! & e Corfig Fied Node  Custc
<= Link Models
w0e ~oma 1000BasEX. Duplex Link  Ethemet 1000BaseX.
gl 100B=seT  DuplexUnkc  Eihemet 1008xeT | Q
5 o= 10BaseT Duplex Link ~ Ethemet 10BaseT Logical Subnet
i o= 10Gbps_Bthemet  Duplex Link  Ethemet 10Geps Link
023 H = FDDI Duplex Link Q
1 == FR_T1 Duplex Lk Frame Relay T1
== PPP_28K Duplex Link ~ network ink Satelite Subret
== PPP_23K Duplex Link ~ network ink
70 == PPP_56K DuplexcLink ~ network ink Q
== PPP_DS1 Duplex ik~ PPP DS1 Mebie Subnet
== PPP_DS3 Duplex ik~ PPP DS3
== TRIE DuplexcLink ~ Token Ring 16Mbps 0
s - TRA Duplex Link  Token Ring 4bps
L Subnet
L e il oy corperasis| [ Crate ight angied inc
j’ infermacien s SeRmisns © 3% Model Detais | Greate Custom Model.

Defining new object. [100BaseT]

Network Model
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Building Network Topologies (cont'd

@ To delete nodes or links, select them and use DEL or Edit = Delete

K3 Project: project! Scenario: scenariol. [Subnet: top.Office Network]
File [Edit] View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows

Help Undo Paste CtleZ
Redo iy | o AN Rk 2B EE LD
an X ojectt -scenariol
Copy cirleC
- Paste CtrlsV
Delete By |DEEEE
= Fosd Node Bt 4|
Select AllIn Subnet Ctriep  phsin Focad Node  Etheg
Cortig Fired Node 1Py
5 Select Attached In Subnet CrleShiften [ o Fiod Nodke 100BaseT
Clear Model Fired Node  PCl
o Fixed Node PP
Find Node/Link. Curl+F Fied Node PP
7 Select Objects... CtrlsShift-F 19 Fixed Node ~ Profi
Lt Corfig Fixed Node  1P4ay
Save Object Selection Set. o Fied Node.  Custd
Load Object Selection Set.
. X Duplex Link  Ethemet 1000BaseX.
Edit Objects Using Template... Duplex Link  Ethemet 100BaseT
Edit Attribute Template. DuplexcLinkc - Ethemet 10BaseT Logical Subret
Hhemet  Duplex Link  Ethemet 10Gbps Link
L2 Open Edit Pad Duplex Link Q
Duplex Link ~ Frame Relay T1
Preferences Cirl+Alt+P DuplexLink. etk nk Satelite Subnet
PP Duplex Link ~ ntwork ink
0 == PPP_SEK Duplex Link ~ network nk
= == PPP_DS1 Duglex Link PP DS1 A,
- = PPP_DS3 Duplex Link PP DS3
== TRIE DuplexLink  Token Ring 16Mbps Q
875 - TR4 DuplexLink_ Token Ring 4Mbps
ﬂ Subnet
copyrigne ce3 2016 napanse carpersial | Coate tohtangledink
j” FnfermaEien s SoTISNE €9 3 Model Detais | Create Custom Model.. Close Hep

Defining new cbject. [100BaseT] 2654058

Network Model
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Building Network Topologies (cont'd)

e Topology = Rapid Configuration...

3 Project: project] Scenario: scenariol. [Subnet: top.Office Network] [=][=@] =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NERANHEO 22 FFEE B th AR *&H0BEE UME e
pe 2E 29 |3 Rapid Configuration == 2
Configuration: {Bus |
125 Bus
Mesh, Full
Seed q Cancel
== = ==
e Ring
Star
Tree
Unconnected Net
S e
200
s
70
a5
Jeopyright (<) 2016 Maptnfa Carparation York, trage revseret wming Maginso professiorsl 5
70 nfarmatian 1 Copyright. () 2008 S1afan Heldags sww.merld-gusecsanr.
1B
65,00, 3596 Bl
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Building Network Topologies (cont'd)

@ Specifying a seed value for the random number generation

{8 Project: project] Scenarios scenariol [Subnet: top Office Network]
File Edit View
Help

Scenarios Topology Traffic Services Protacals

NetDoctor ~ Flow Analysis

DES 3DNV Design

OGN HBEO AL TET A ANE »%#20BEE UE

===

Windows

o 28 29 |3 Rapid Configuration == g
Configuration: fUnconnected Net HRd|
128
Seed.. | Next Cancel |
%0
s
00
28
0
s
leopyrigne (c) 1016 waptnfo corparation. Tray. wew verk. Inage rendered using apine professisnal 3
[c75y nfarmation 13 Copyrigne C5) 2018 Steran helasra mm wer e gaescesr. com &
o=
52,50, 2058 Bl

Roman Dunaytsev (SUT)

Network Modeling & Simulation

Lecture Ne 3

36 / 70



Building Network Topologies (cont'd)

@ Some topologies may require randomness for node placement

3 Project: project] Scenario: scenariol. [Subnet: top.Office Network] [=][=@] =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NERANHEO 22 FFEE B th AR *&H0BEE UME e
po 2 20 @R Rapid Configuration [=] =
Coriguration: [ Unconnected Net |
128
. 3 Repid Configuration: Seed Selecti... [aa]
Seed: [1
Generate Cancel
S
200
s
70
a5
Joopyright. Ccl 2016 Mapinky Corporation. Trey. ten Vick. Tasge reqdared using Napnfe Profeisions] 5
[C7Ey Tarormacian 1= <opyrighe Ce) 2004 Seeran HaTeare i marTo-gaseceeer. com
1B
139,23, 3231 Bl
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Building Network Topologies (cont'd)

e Example 1: 5 workstations (seed = 1) and 5 servers (seed = 2)

{2 Project: project] Scenario: scenariol [Subnet: top.Office Network] == e ===
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NN HEO L TET A rh AMK k%20 BE W&
0 25 =0 ED 00 s 0 5 E B
125
node 3

. [

[=] ==y,
|~ [fnode 5 node 0
=l

=] CJ
s = =
=
= e
e
node 8
[=]
s EE
ot [t
=
|
=]
o =
node2 3
e

lespyrigne cc) 2018 naptnto Corporation. Troy. new vark. Trage rencercs using wapinfo professional 3

T oRarnation 1= Somy om0 208 e R dhra e aa e poceEice o

o L=
8

141.35, 60.38
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Building Network Topologies (cont'd)

e Example 2: 5 workstations (seed = 1) and 5 servers (seed = 1)

{2 Project: project] Scenario: scenariol [Subnet: top.Office Network] == e ===
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NN HEO L TET A rh AMK k%20 BE W&
o 25 20 ED 00 s 70 ED T B
125
node 3
=0 =] rode >
= F
A=k =1
=i
Bo.. ==
£8 d=h
node_5
00
28
0
s
emrtone 0 26st agavte rork, Tmage renseres using sapiete profesaion) 3
richt. (2) 2018 Stefan neldera mewmarTdpasetsasr:
a| L=
141.15, 68.08 Bl
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Building Network Topologies (cont'd)

@ Select the desired topology configuration from the pull-down list

3 Project: project] Scenario: scenariol. [Subnet: top.Office Network] [=][=@] =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NERANHEO 22 FFEE B th AR *&H0BEE UME e
pe 2E 29 |3 Rapid Configuration == 2
Configuration: {Bus |
Mesh, Full
Seed q Cancel
== ==
e Ring
Star
Tree
Unconnected Net
S
200
s
70
a5
comrigne ) 21¢ e oo i Yo trage renderet wing Maginso professiors] =
jevsy & righ. (2) 2018 S1afan haldage. v mor i guzestenr
1B
7962 20.77 Bl
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Building Network Topologies (cont'd)

o If the Node or Link model lists do not contain the models needed

3 Rapid Configuration: Bus == ===l
Models lysis DES 3DNV Design Windows
Node modei: [NONE =] Humber [

NONE
Link model Tap model: [ NONE | B B4
1000BaseX_LAN OELE e
Hacascl 100BaseT_LAN B
10BaseT_LAN Head of bus Size
@ Horzontal =
[ Topof  3C-CB350045 2¢12 ge2 25 Bus: |50
¥ Boton_ APPlication Config FEEE™ .

AS_GRFA0_45_a2_ac8_f4 sI2
Select Models  BN_Centillion100_3s_ag_e8 fe2 Cancel
—————— 400035 b f2 2 tr2 Eoil]|
<thl6_ethchl6_fddils_trl6_switch
eth2_fddi2_tr2_switch
ethd_cthlancd_fddid_trd_trlaned_switch
ethd_fddid_trd_switch
eth6_ethch6_fddi6 tr6_switch
cthernetl6_switch
20 ethernet?_slip8_firewall
cthernet32_hub
ethernetd slipg_gtwy

s etheret_server
ethernet_wkstn
1P Attribute Config
IP VPN Config
= ip32_cloud
ppp_server
Pppp_whstn
s Profile Config
QoS Attribute Config
Task Config
leopyrishe e
JE5Ey aFarmation 72 Eopyrioht () 2005 RLoFin Fetasie rom e e gmacttnar. com.
1B
11308, 0.19 B
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Building Network Topologies (cont'd)

@ Then use 'Select Models..." to choose the necessary model family

€3 Rapid Configuration: Bus =] EEr=]
lysis DES 3DNV Design Windows
Node model: [NONE 2 Number: [5
Link model: | NONE =1 Tap modet: [NONE U= R
o c
B 5 x [ Bus: [50
17 = Y: 4556154 Tap: [6:25
E3 Model Selection Options =
© Keywards]
& Mods list: |intemet_toolbox =l
3Com
3DNV_Animations
500 ACE
Alcatel Lucent
applications
e Ascend
atm
atm_advanced
atm_lane
™o atm_lane_advanced
Avici
Bay_Networks
s bridges
Brocade
Cabletron e
oprrighe ¢ =t e e 5
55y iaterm  Cisco e gaseceeer. com.
| clent_server =
demands 20382596 E
DOCSIs
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Building Network Topologies (cont'd)

@ internet toolbox = ethcoax

e [=El=]

{3 Rapid Configuration: Bus.
lysis DES 30NV Design Windows

Models
Nods model: [sthcome_station | Number. [10
Tap model: [eth_tap =@ =l

Lk model:  NONE
ethcoard_bridge
Placement ethcoax_server =

Head of bus Size
x[25 Bus: [50
v:[50 Tap: [125

& Hotzorta

¥ Top of ethcoax_wkstn
% Baton Profie Config
Task Config

Select Models

%0

025

&8

Jeopyrisht Cc) 2016 MapTnfa Carporation. Troy, Wew Vark. Tnage resdered wsing Haplofo Professionl;
Ty infarmation i fopyrighe (o) 1016 Seafan Halders v worlo-gasescenr. con

12327.154
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Building Network Topologies (cont'd)

@ Creating a bus topology with Rapid Configuration

File Edit View Scenarios
Help

&3 Project: project] Scenario: scenariol. [Subnet: top.Office Nefwork]

BRI EBEOLTFUAMANHNE 2B BE Y

[o)la =

Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows

Po 25 20

128

0

node,

00

s 00 ES 750 ES «

0 node2 noded node s nodes

a5

EopE e

STTTY

node 1 node 3 node S node7 node s

Jexey nearmass righ. (2) 2018 S1afan haldage. v mor i guzestenr

york, Tmage remderes aning dapiofe profesion

135,19, 68.27

-|
1B
sl
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Outline

@ Verifying connectivity
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Verifying Connectivity

@ Simply placing nodes into a project workspace and connecting them
with links is not sufficient to create a working model of a network
topology

@ There are a variety of constraints on how nodes can be connected with
links

@ The simulation will not proceed if these constraints have not been
followed

e OPNET /Riverbed Modeler provides sophisticated debugging tools
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Veritying Connectivity (cont'd

e Topology = Verify Links... = Verify links

&3 Project: project] Scenario: scenariol. [Subnet: top.Office Network]
File Edit View Scenarios [Topology] Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help Open Object Palette.
Open Annotation Palette Kok @ EE 1D e
Subnets »
5 g |
Import Topology »
Export Topol v
25 port Topology
Import Performance Metrics »
Configure Link Delays y
=0 Model Assistant >
Create Custom Device Model..
- Rapid Configuration.
Delete Unconnected Nodes.
Deploy Wireless Network...
= Open Edge Connectivity Wizerd...
Terrain »
Define Trajectory...
oz [ Clear Trajectory Assignment.
c
®  Random Mobility »
750 Import STK Orbit.
Verify Links. CrleL
. Shared Risk Groups y
Fail Selected Objects
[espyrihe () 2016 apinfo cors  Recover Selected Objects forat
e
Recaver All Objects o @
9096.1.15 Bl
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Verifying Connectivity (cont'd)

@ All links and paths are connected properly ®

8 Project: project] Scenario: scenariol [Subnet: top.Office Network] [f=la ==

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows

Epﬁﬁiiﬂﬁgﬂ@ Arr AN 2% #0BE Y

po 25 20 s 00 ES 750 ES « -
125

=0

ars

node_0 node2 node 4 node 6  noda:

00

. hkddd

node 1 node 3 node S node7 node s

a5

|eoyrighe (=) 2016 maptats o
Jersy narmasian 1x

rperation. Troy. Nes Vark. Tnage rendered uxing Maplnfe Professionsl
Copyrighe (o) 2016 Seafan saldars wm uerls gasescasr. com

1B
[Alliks and paths are connected propery. 13481, 7346 L]
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Verifying Connectivity (cont'd)

@ 1 incorrect link or path was found ®

8 Project: project] Scenario: scenariol [Subnet: top.Office Network] [f=la ==
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

NERANHE L CEY A NE®xH0BE U

Po wr me me me me ms w5 B
128

0

a5

|copyrishe () 2016 Maptnfa Carparstisn Trsy. Wew vark. Tnsge rendered using Nspinfs Professional
|oFty infarmazion fx Copyrizhe (o) 1016 Sefan saldars s uerls gasescasr com.

Tincomeat Ik or path was found. 117.12, 10269

|
=l
ol
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Verifying Connectivity (cont'd)

@ Common mistakes in connecting nodes:

@ Connecting a link to a node that doesn't support the link's protocol
o E.g., FDDI vs. ethernet server

@ Connecting more nodes to a device than the number of available ports
o E.g., 17 ethernet wkstn vs. ethernetl6 switch

e Connecting a link to a wrong port
o E.g., 5 100BaseT and 7 PPP_DS1 vs. ethernet4 slip8 gtwy
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Outline

© Failing and recovering objects
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Failing and Recovering Objects

@ Often it is important to determine how the system behaves when one
or more nodes/links go down

@ Methods for failing and recovering objects
© Manually, by removing objects from the Project Editor workspace and
adding them back
© Manually, using the Topology = Fail Selected Objects and Recover
Selected Objects commands from the toolbar
© Automatically, using the Failure Recovery node to fail and recover
objects at specific times during the simulation
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Failing and Recovering Objects (cont'd)

o Fail/Recover Selected Objects

{2 Project: project] Scenario: scenariol [Subnet: top.Office Network] == e ===
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

NERHASHES L TET AmANEXx2aBE U

5 = 250 |Recover Selected Objects[~ & == = = =
125

20

node 0 node 2 node 4 node 6 node 8

%00 ’\(
e

node 1 node 3 node S noda 7 noda S

&8

Jcopyrighe cc) 2016 mapx
farmation

%o cor New Yark. Inage rencered using Wapinfe Professions]
Jerey i con.

info carparation, Tray,
i3 copyrighe (o) 2016 Stefan nelders v worlo-gazesceer.

x|

1 objects faled

o | [EL |

31.54,0.19
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Failing and Recovering Objects (cont'd

o Failure Recovery

B2 Project: project] Scenario: scenariol [Subnet: top Office Network] =)@ =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
NSEaNHE0 SQCET H AN X&x#0BE B
° i »o E3 Object Palette Tree: project -scenariol [E==EcR ===
—
L3 Drag model or subnet icon into workspace
S uuTS -] [
3l UMTS_sdvanced Ef%
o A uities =
143 Node Models Recover
%= ppplication Config Fixed Node  Application Configu Failure Recavery
ATM_SPVx_Config Foed Node  ATM PVC Configur,
e g -5, Background Trafic Corfig  Fixed Node  Background Trafic
g% Dist Outcome Visualizer Fixed Node  Distribution Outcom
o o P Failure Recove Fixed Node _Mode/Link Failure-|
FR PVC Corfig Fixed Node  Frame Relay PVC C
e IP Atrbute Corfig Fored Node  IPAayer ftrbute D¢
£ 1P VPN Corfig Fed Node Q
2 Memory Usage Fixed Node  Memory Usage Mot
28 Mobity Corfig Fored Node Logical Subnet
s B pl_corfy_obiect Fored Node
48 Packet Discarder Fored Node Q
e 2 PNNIOverload Fued Node  PNNI Overload Cor
— E Profe Corfig Fired Node  Profle Corfiguratior o
= QoS Attibute Corfig Fixed Node  IPayer Atrbute De Q
= i Rogroup Config Fired Node  Receiver Group Co
% Server_Config Fired Node  Server hardware ar Mabie Subnet
X Simulation Info Bxport Fired Node  Memory Usage Mor
8 Tesk Corta Fured Node  Cusiom Application Q
e KA VLANs A4
< | v Subnet
lcyrisns ce) 2016 vagaess corgarasisl |
j’ kel ) “’"‘1 Model Detais | Create Custom Model Close Hep
346,019
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Failing and Recovering Objects (cont'd)

e node 0 will fail at time 100 and then recover at time 200 seconds

B3 Project: projectl Scenario: scenariol. [Subnet: top.Office Network] B
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design
Help

DSEI B LA FFE A ANHEXkADBE LS

=0 ns 00 825 750 5 |q
B3 (node 10) Attributes
Type: | Utities
[ Thnmbuae Value 5|
@ rame node_10
=0 @ - Failre/Recavery Modsing Enabled
(@ # Link Falure/Recovery Specfication No Failure/Recovery
@ -Link Falure/Recovery Specfication Fle  NOT_USED
@ -Node Failure Mode Node Only
A (3 = Node Failure/Recovery Specfication ()
@ | Mumberof Rows ]
node 0 node 2 nade
=) ey 5 Offce Network node_0
@ Name Office Network.node_0
00
@ Time (seconds) 100
@ Status. Fail
2 Office Network.node_0)
s @ Name Office Network.node_0
@ Time (seconds)
node 1 node 3 @ Status Recover
70
s =l
[ Advanced
I @ = I~ Boplyto selected objects
Hap ok Corgmration, Temy, b
j, Snfarmation ix Copyright (<) 2016 siafan eteel | [ Bxact match Cancel

13342, 385 ]
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© Subnets
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e Subnet (aka subnetwork) — a container that encompasses a set of
nodes and links to represent a physical or logical grouping of objects

@ Subnets can also contain other subnets

@ Subnets within other subnets form the hierarchy of the network model

@ Besides the objects it contains, the primary attributes of a subnet are:
o Geographical position
e Physical span
e Mobility

@ However, subnets may be used just to arrange network objects in a
'virtual topology’ without considering physical properties such as
geographic positions
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Subnets (cont'd

@ Use 'Create Fixed Subnet..." or drag and drop 'Subnet’

{8 Project: project] Scenario: scenariol. [Subnet: top]

File Edit View Scenarios [Topology] Traffic Services Protocols

NetDoctor

Help Open Object Palette.

Open Annotation Palette
Subnets

Import Topology
Export Topology

Import Performance Metrics
Configure Link Delays

Model Assistant

Create Custom Device Model...

Rapid Configuration.
Delete Unconnected Nodes.

- Deplay Wircless Network...
. ™ Open Edge Connectivity Wizard...
s Terrain
Define Trajectory...
Clear Trajectory Assignment.
st
Random Mability
Import STK Orbit.
st

Verify Links.

Shared Risk Groups.

Fail Selected Objects
copyrighe () 2016 naptnfo carp
ity dnfarmazion ix copyrizhe C
o Recover All Objects

Recover Selected Objects

CtleL

Flow Analysis

DES 3DNV Design Windows

Create Fixed Subnet.

Create Logical Subnet...
Create Mobile Subnet.
Create Satellite Subnet...

Create And Populate Geographic Subnets..

Group Nodes Into Subnets... c
Move Selected Nodes Into Parent Subnet

Move Selected NodesInto Specific Subnet...

Fixed Node  Appie

Fixed Node  Ascer

Fixed Node

Fixed Node Q
jich  Fixed Node

Fixed Node Logical Subnet

Fixed Node

Fixed Node  Ether O

Fixed Node  Firew

Fod Nos Dt Satelite Subnet

Fied Node 1P Ro Q

Fixed Node  Ether

Fixed Node  Ether Mabie Subnet

Fixed Node  1Pay

Fixed Node O

Fixed Node 1P E]Lf

v Subnet
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Subnets (cont'd)

o Fixed Subnet (Subnet) — has a physical span specified in degrees

= —— P B
e kit Viw giemalioncn o

Topsesy Tofhc. S Praco Netocar o ey 065 30M D

g
cl

manm 8 waea 8
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Subnets (cont'd)

e Riverbed Modeler Academic Edition : no x/y span ®
e Longitude = x position
o Latitude = y position

&3 Project: project! Scenario: scenariol [Subnet: top] EEr=] [l Project: projectl Scenario: scenariol [Subnet: top] [el[@=
il Viewcenaes.Toplogy.Taff.SevicesPrtocls NelDoctor Fow Anaysis-ES - 30NV Dsign--Windows Fie. £t View Scenaes Topology T _Prtocls
iy
Q5 EANEE0[0 0% T B 8w ANE #x # 0@ E 0

e or = B B o E|
o T e

- N =~ L
3 e Ates S
[Thwoas Vae =] @ rrome
@ crame boe — @ Loreny
@ prosty ) @ Fuserid
@ ‘uerid (] @ [xpostion
@ :xpostion 032 @ Gypostion
@ ypostion 5993 @ [ threshod
@ ixspan 34.8298000059 @ rmep
@ Lyson 248096085796 @ biconname.
@ threshold @ +outine color 3
@ imep word @ }atibute promotion disabled &
@ +icon name ‘subnet @ :-docfie nt_fixed_subnet .
@ }outine color bloe @ | minimized icon circle/#FFO000
@ - atrbute promotion disabled @ -creation source Object P: 2, -
@ :docfie t_fixed_subnet @ -creatontimestamp 23:43:43 Feb 202018
@ - minmized icon circle/HFFO000 @ creaton data
@  creation source. Object Palette. @ tabel color black
) @ Lre
@ i creation deta 1=
@ *label color lack =l Etended Ats. | Object Documentation
tendad | Ot Doomertatn
@ Frer

@ Eiter Match: i
W Lok Tl Blone ¥ st
o Pl ¥ Adganced [ | B e ves I Eopiyto selocted obects [ L
" BegEx [ Possible values Lo fopckecied ohiocs ﬂ@ P oK = 8

¥ Toge = o | o | sz 8

g < TRan 8
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Subnets (cont'd

@ Use 'Create Logical Subnet..." or drag and drop 'Logical Subnet’

{8 Project: project] Scenario: scenariol. [Subnet: top]
File Edit View Scenarios [Topology] Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV D

Help Open Object Palette.
Open Annotation Palette B
Subnets » Create Fixed Subnet.
F——— R Create Logical Subnet...
Ty b Create Mobile Subnet.
Create Satellite Subnet...
Import Performance Metrics »
——— , Create And Populate Geographic Subnets..
Group Nodes Into Subnets... c
Model Assistant ’ Move Selected Nodes Into Parent Subnet
Create Custom Device Model.. Move Selected NodesInto Specific Subnet...
Rapid Configuration. Fixed Node  Applic
Delete Unconnected Nodes. Foed Node:  Aeocy
- Deplay Wircless Network...
. ™ Open Edge Connectivity Wizard... Fired Node
. . Fixed Node Q
g & - T ) bich  Ficed Node
Define Trajecto Fued Node LpEis
e Fixed Node
Clear Trajectory Assignment. Fixad Node  Ether O
= Fixed Node ~ Firew
Random Mobility » Food Node Bt Satelite Subnet
Fixed Node  IF R Q
Import STK Orbit. Feed Node  Ethed
sm % Foed Node  Ether Mobie Subnet
. Verify Links. CirbeL Pomdtods  [Pio)
Shared Risk Groups 3 Fixed Node O
Fixed Node [P Cie T
v Subnet
Fail Selected Objects
copyrighe (o) 2016 maptnfo corp  Recover Selected Objects
o5y iararmacien 1s <opyrighe |
ol Recover All Objects
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Subnets (cont'd)

@ Logical Subnet — has no physical span

o All objects inside are assumed to be in the same geographic location
(i.e., the location of the logical subnet)

gy T Sevices Protocos NeDoctor FlowAnsysi OES DNV Desgn Vindows

QSHANEEO ALFFP I v AN #h#20BE LB

|E=SiEcy =

I5ubnet:topsuenet ]

gy Tnffic Sewices Protocos NeDoctor flowAnsyss DES 30NV Design Windows

QSHASHEEOALFFPE N AN kN0 BE DS

L-|
e
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Subnets (cont'd

@ Create And Populate Geographic Subnets...

{8 Project: project] Scenario: scenariol. [Subnet: top]
File Edit View Scenarios [Topology] Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows

Help Open Object Palette.
Open Annotation Palette oo 9 BB A 09 B
Subnets » Create Fixed Subnet.
E———— R Create Logical Subnet...
Ty b Create Mobile Subnet.
Create Satellite Subnet...
Import Performance Metrics »
i —— . Create And Populate Geographic Subnets..
Group Nodes Into Subnets... C
Model Assistant ’ Move Selected Nodes Into Parent Subnet
Create Custom Device Model.. Move Selected Nodes Into Specific Subnet...

Rapid Configuration.

Delete Unconnected Nodes.
Deploy Wireless Network...

Open Edge Connectivity Wizard..

s - Terrain »
Define Trajectory...

Clear Trajectory Assignment.

Random Mability »
Import STK Orbit,

L2 Verify Links. CerlsL

£ Shared Risk Groups 3

Fail Selected Objects

copyrishe Cc) 2018 mapanfo carp Recover Selected Objects fonal;
B

-
A Recover All Objects 2l
10,00, 8960 B
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Subnets (cont'd)

@ Asia = Russia = Saint Petersburg = Create »

3 Creste And Populate Geographic Subnets

& Create And Populate Geographic Subnets

Creste Geographie Subrets |Fopuiate Subnets| Postion Nodes #nd Subnits Creste Geographic Subnets |Popuiate Subnets| Postion Nodes And Subnets
[ Region - = mnd [~ Region - E
Region In subret: top Region: Asi:Russia:Sairt Petersbury In subret: top

North America E

Hrca = Saint Petersburg
fsia
Bl Autralia
Europe
South America
other B Achubinsk
B Acsay
B Aspsievsk
B Aeksandrov
B ekseyevia
B Aecksin
Ametyevsk
Amursk
B

garsk
B Azhero-Sudzhensi
B roaity
f B Aosheronskc [

L

Creation Name: | Creation Name: [Saint Petersburg
Longtude: [0.0 Span: [ degrees Longitude: [30.32 Span: [ degrees
Latitude: | Span: [ degress Latitude: [58.92 Span: [ degrees
r [v No span (Logical Subnet)

s
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Subnets (cont'd)

@ Saint Petersburg (logical subnet)

Project: projectl Scenario cenariol [Subnet: top]
Help

File Edt View Scenarios Topology Traffic Senvices Protocols NetDoctor FlowAnalysis DES 3DNV Design Windows

E=lal=s
QSEHANEBO 2L CFET I A NE Xk#A0BE UM

Help

=leE=s
ASEHANEHO 2 CRT A MHE &% #0BE UM\

File Edt View Scenarios Topology Traffic Semices Protocols NetDoctor Flow Analysis DES DNV Design Windows

5120.5280

o
@
s

041,722
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Subnets (cont'd)

@ Add one or more subnets

‘ cenarios clien server [Subnet: top Entrprise nepworkWASHINGTO )
File Edit View Scenarios Topelogy Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

BEEEEEL IR T Y]

=L

Ic]
0

[ (28735431
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Subnets (cont'd)

@ Populate each of the created subnets with network objects

File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

BEEEET LR TR

1) 8 88

] - 8

[ [100471. 148952 B
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Subnets (cont'd)

@ Utility objects should be added only once, usually in the top subnet

Project: WAN Scenario: client_server [Subnet: top Enterprise network WASHINGTON] (== =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help

BEEEEERETEIEEE] ma FEEEEEREE

Node a | NW OFFICEGTW.

Node b | CENTRAL OFFICE.ETH_SWITCH
CENTRAL OFFICE.ETE CH
CENTRAL OFFICE HIGHER SPEED SERVER
CENTRAL OFFICE.LOWER SPEED SERVER

[Defining new object. [PPP_DST]

[1655, 50.09 B
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Outline

@ Annotation palette
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Annotation Palette

@ Topology = Open Annotation Palette

Project: IPv6 Scenario: 6tod_tunnel [Subnet: top.Office Network]
i P
File  Edit

View Scenarios Topology Traffic Senvices Protocols  NetDoctor
Help

OSBRI EEe SLTEER

Flow Analysis

DES  3DNV

[==]r=]

Design

2002:192.|

2002:192.0.4.1:

=

2002:192. ¢\, 4.1

Emai Server

Terminal sarver

2002:192.p.10.1:a::1

T Remote Login

00

2003:2{1:: /64
4

lo.a.1:0:2/84

5627.523

FW At AN &k EEE D e
E3 Annotation 250 375 ET) 750 4
O o|/\ T @ TP & HTTP Voice & Email
A wh
| ReADVE ©
2002:192.q.1.2:b:1 /64
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