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@ Configuring simulations
© Manage scenarios
© Running simulations

@ DES Log

© Animation
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@ Configuring simulations
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Configuring Simulations

@ Before a simulation can be executed, the statistics of interest must be
selected and configured

@ After the statistics have been selected, there are additional simulation
attributes that must be configured
o E.g., duration, seed, sim efficiency

@ In some situations, the simulation execution may be unsuccessful
because of the errors in constructing the model or in configuring the
simulation

e Simple debugging may be done using the discrete event simulation
(DES) Log
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Configuring Simulations (cont'd)

e Configure/Run Discrete Event Simulation (DES)
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Configuring Simulations (cont'd)

e DES = Configure/Run Discrete Event Simulation...

3 Project: project] Scenarios scenariol [Subnet: top] =]
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis
Help.
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Configuring Simulations (cont'd)

e Configure/Run DES

8 Project: project] Scenarios scenariol [Subnet: top]
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Configuring Simulations (cont'd)

o Configure/Run DES: Simple... vs. Detailed...

e Simple mode — allows configuration of only a few key parameters
o Detailed mode — provides a complete set of configuration controls

€3 Configure/Run DES: project] -scenaricl
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Configuring Simulations (cont'd)

e Riverbed Modeler Academic Edition : no Detailed, only Simple ®

LAl Project: project1 Scenario: scenariol. [Subnet: top] [E=]E=]

File Edit View Scenarios Topology Traffic Protocols DES Windows Help

11l Configure/Run DES: project -scenariol [E=n[E=R[==|
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Configuring Simulations (cont'd)

@ Duration — sets the duration of the simulation

@ Values per statistic — sets the maximum number of values recorded

for each statistic

e/Run DES:

123 SwitchedLAN-5
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Configuring Simulations (cont'd)

@ Global attributes — apply to all objects in the simulation study

o Simulation Efficiency — specifies whether or not the simulation
efficiency (aka 'sim efficiency’) mode is used

Project 123 Swiched

File Edit View Scens

o] 3 Confgue/Run DES: 123 Sichea AN-scenarol

Help
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Configuring Simulations (cont'd

@ Eth Hub Optimization

€3 Auribute: Eth Hub Optimization o[ & s
Datatype: [ toggle Attibute properties: % ¢
Symbol map Defat vaue
[Symbol [value =] || [Disabled ]
Discbled dsabied o
Enctled enabled ‘ ]
Conmerts

hen set to "Disabled", the hub models in the network behave in the exact same way that the real hubs behave: they forward a received =
packet to every other port that is in use except the port from which the packet is received.

hen set to "Enabled", the hubs follow a smarter approach. First they check whether they are directly connected to the final destination of the
packet. If this is the case, th

en the packet is forwarded only to the port connecting to the destination MAC. Otherwise, the packet is forwarded
only to the ports that are connecting to other bridge or switch nodes. This approach results in faster simulations due to less number of

packets created and events executed without having any effect on simulation results unless MACS of some end-nodes are operating in
promiscuous mode.
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Configuring Simulations (cont'd)

e Eth Hub Optimization: Disabled (default) vs. Enabled

3 Simulation Execution: 123_SwitchedLAN-scenaricl

‘Smulation progress

Bapsed time

[ ‘Simulation Completed.

Simulated Time: 2 00s Everts: 16,714,029
‘Speed: Average: 2,762,649 events/sec. Curert: - events/sec

Current Simulation Speed (event

DES Log: 201 ertres
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==

Estimated remaining time:

R |
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‘Smuiation progress
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[ ‘Simulation Completed.
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[ ]
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Configuring Simulations (cont'd)

e Eth Hub Optimization: Disabled (default) vs. Enabled

£3 Log Entry 201 == E3 Log Entry 201 ==
File Edit Options File Edit Options
Frogran: op runsin (7808 32-bic) =] Program: op_runsim (7808 32-bit) |
Kernel: developmen ot optimized), sequential, 32-bit address space Kernel: development (not optimized), sequential, 32-bit address_space
Soents: Total (ic,rié029); Averags seed (2,765,649 events/sec.) Eyents: Total (7,103,552); Average fpced (20133158 gvents/sec.)
rime : ETapse (6.0 sec.); simulated (z min. 0 Tine " elapsed {33760 ) similaved (2 min.
enory: general (3 255 KB)| categorized (5,562 kbys ooled (4,006 kb; crory: general (3 355 KB)! categorized (5,562 kby; pooled (4,000 kb;
Torar (3556 k) Yorar (237555 ke

El =)
Line: 1 Line: 1
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Configuring Simulations (cont'd)

e Eth Hub Optimization: Disabled (default) vs. Enabled
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e Eth Hub Optimization: Disabled (default) vs. Enabled

Bt tione =
DES Grophe|DES Paamet Sudes| DES R (1) Tais| ow s G|
Resitsior [GorenProset =] e
B 123 Sdchect A scenarot OES-
B 123 Sachect AN oo DES-
70
#2 scenanos
5|
Show resuts: [Found 1 ary seectedfies = e
JRm— ey o e -
EE
e
] Facketssec) oF o1 80 o ol o e
& Tfbo Source S5 B B B B B B S
6 Onec S &P EF & &P G P &P b
Pesertaton
T =] | [TV
]
L 1|
I~ e Vs st A1 a4 Sow

Results Browser

DES G |DES Parametc s DE5 (1) Tais| Fow Ay G|

Resutsfor: [Curet Proect =l
1) 123 _Swachedl AN -
—

®A scenarios
5|
St [Faranany siecoation =]
Aragonm: [pood =] &
Chore.

s
- Otject Satsics

]
Unscloct A

™ lnore Views

ele=s
v
12 Swichod A sconiclDES
HSe i
ol s n Tt Sk
7000
1000
20500
Se e ge s e s s e
&5° o757 &7 06T &% ST 57 o
g%'? (fe'ﬁ q%ﬁ‘ g%'y d;’u %’\, J&'P ds'f?
Pt
Overod Sttics ]
cample_sum =] |[vee
s | s

Roman Dunaytsev (SUT

Network Mode

& Simulation

Lecture Ne 6

16 / 65



Configuring Simulations (cont'd)

@ Switch Sim

{3 Attribute: Switch Sim Efficiency

Efficiency

==

Datatype: [ integer Attrbute propeties:

Forge Defot vae

o ) open ]| || et |
To: ]fopen I |- ums

Smbolmap [ ]
[Smbel Tvae | re—

Enabled 1
Drcbled 0

can be re-constructed after the topology change.

Specifies whether simulation efficiency is desired. When Enabled, the Spanning Tree is never recalculated once it has been set up. When
Disabled, the switch periodically updates the spanning tree and sends update messages to neighboring bridges.

This attribute should be set to "Disabled” if node/link failures or recoveries are expected in the bridged network so that the spanning tree

=

=
Qose
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Configuring Simulations (con

@ Switch Sim Efficiency

3 project 123

File
Help
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Global attributes ‘Hepms‘

[E=E He B8

[ TAbute Value

@ |-LACP Simulation Efficiency Enabled
@ L Switch Sim Efficiency Enabled

<
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Configuring Simulations (cont'd)

e Switch Sim Efficiency: Enabled (default) vs. Disabled

&3 Log Entry1 == E3 LogEntryl ==
File Edit Options File  Edit Dplloni
Frogran: op runsin (7808 32-bic) =] Program: op_runsim ( 808 32-bit) |
ernel: development (not optimized), sequential, 32-bit address space ernel: d T optimized), sequential, 32-bit address space

Total (2,385,830); Average spesd (1,352,412 svents/sec.) 1% Ayerage speed (1,350,980 events/sec.)
: Elapsed (2.2 sec.); simulated (z min. O fme : Elapsed (3.2 sec.); simulate

Memory: general {3297 B} categorized (5,104 k335 Pooled (4,666 kb); Memory: general (3,267 k&) categorized (5, T04"k33; Pooted (4,665 kb);

total® (13,067 total (13,070 ks)

=]
Line: 1 Line: 1
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Configuring Simulations (cont'd)

@ Let's make it a bit more exciting ©

3 project 123
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Type: [ Utiities

[ Tarture Vale

@ rname Failure Recovery
@ # Faiure/Recovery Modeing Enabled

) © Link Failure/Recovery Speciication ()

Name Office Network Switch1
60

@

@

@ Time (seconds)

@ Status Fail
‘@ E Link Failure/Recovery Specification Fie

@ Node Faiure Mode

) ® Node Failure/Recovery Specfication

[ I

I™ Exact match

NOT_USED
Node Only
Ne Failure/Recovery

[~ Apply to selected objecs

=)

I~ Adyanced
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e Switch Sim Efficiency: Enabled (default) vs. Disabled

32 Results Browser (F=sEon ) Results Browser (=<
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Configuring Simulations (cont'd)

e Reports — specifies statistics and service level agreement (SLA)
reports to be collected during the simulation study

3 Project 123 SwitchedLAN of] 8 Configure/Run DES: 123 Switched AN-scenaricl |- |- ) 38 Project 123 SwitchedLAN S net:tof| €3 Configure/Run DES: 123 SwitchedLAN-scensriol |- || 2 [oa)
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Configuring Simulations (cont'd)

@ DES = Results = Generate Web Report... = OK

3 roject 123 == 3 Project 123 SwitchedL AN Scenaric scenariol [Subnet top Offce Netv K3 Specify Report &=
e Edt View Scanwios Toplogy Tafc Senices Protocols. NeDoctor.Fow Ansysis (BES] J0NY. DesignWindows File.EditView Scenarios Topology. Trafic - Senices.Protocois || o epot rme: [1ET02076_TI563
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noder 14 il node2 node 14
75
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Configuring Simulations (cont'd)

@ DES = Results = Launch Last Web Report

node 15

€3 project123. ==
He £t View Scnsics Topology T Semces Prtocot Nefoctr o Ansis (D5) 0NV Desn Windowe S8 c ey
Help Choose Individual Statistics. e Ch -
NESHA S RE 0/ 0% P E|  Choosesatinics vonced File Edt View Favorits Tooks Help
g e D ED s T Results ~
Record Node Movement 2D Animation For Subnet
Expet Senvice Prediction » « Report: User
me s Configure/Run Discete Event Simulation. culer Selected
Configure/Run Discrete Event Smulaion (Ackanced)
Fun Discrete Event Simulaton CutoshifteR
CED Restart Discrete Event Simulation het
OpenDESLog
M R = 5 Report: User
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oo [l i Top aistc
View Application Delay Tracking and 4
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=5 s o
0
] « Top Nodes and . .
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_reports\123_SwitchedL

) reports\123 Switchedl

File Edit View Favorites Tools Help

File Edit View Favorites

Tools_Help

Results

= Report: User
Selected

Report: User
Selected

« Global Statistics

Project:

123_SwitchedLAN Report: User Selected
Title: Global
Statistics Summary

Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon
Oct 10 2016.

Scenario: scenariol

Ethernet

Statistic Average | Maximum | Minimum
[Ethernet Delay (sec) 0.15452 024630 0.06151

Results

= Report: User
Selected

Report: User
Selected

« Global Statistics

Project:
123 _SwitchedLAN

Report: User
Selected
Title: Global
Statistic

Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon
Oct 10 201

Scenario: scenariol

Ethernet Delay (sec)
ic Sampling Period is 1 second.

- Ethemet + Ethemet thernetDela (sec)
« Traffic Sink + Traffic Sink
e « Traffic Source o0

+ Top Nodes and + Top Nodes and 015

Links Links
= By Node = By Node / T
= By Statistic ° By Statistic
= Ethernet = Ethernet
v
. s
S © ®100% ~
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Configuring Simulations (cont'd)

@ Web reports can be generated automatically after data collection

Project 123 SwitchedLAN Scenarc scenariol. [Subnet o

File Edit View Scensrios Top
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Configuring Simulations (cont'd)

@ Define Statistics Report... = New report = OK

B8 Project 123 Switche

File Edit View
Help

2 Défine Report
@ lew report

€ Openepot [ACE

DES: 123 SwitchedLAN-scenariol.

EEE
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e
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| | ooy teb
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Configuring Simulations (con

@ Define Statistics Report... = Open report = bla-bla-bla = Save

3 Project 123 SwitchedLAN Scenarcs scenarol. Subet tog 8 Configure/Run DES-123 SwitchedL AN-scenaricl [ =] @)% 3 Project 123 SwitchedLAN Scenaric scenariol. Subnet tof B Configure/Run DES-123 SwitchedL AN-scemaricl [ B[ 52
o ioiouConnuicaniicesiooeiaiioncenica o R | T S e —r s [ [ =]
Hep Help
Veos prstic: [T Veesper s [T
|

1322150000ct 102016 £3 Define Report: Ethemet =
] - St fomaton

3

fistcs i cupus repors: [2
Pyed in Top N repors: 5

U
|
! o

Define Reper ==
(+] o

CoeEe ATMPVCs o - h

g Email
nodeis  FODI
Frame Reley

P
o FIPRVOICE
rodeiz T

b b

250

Define SLA Repor

P

[ | om Heb

LN

- ik ige

g N

=
= Y

1]

ot St Covd | _sweis

=

node 14 il node 2

75
Server Performance node 15 node 1

e
oo <0 200 ot coprasin. . e vk s cntre i st srotesions -
Token Ring e orrcitio o Cooyiane o 28 seeran eteur o oo parener o |

s mlE] L e

Utiization

[ Response Time [

Router
Routing Protocol
75 RSVP

e z0s

Veton Canfrernrion
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@ To collect the statistics specified in a statistics report, you must
associate the report with a scenario

o When a report is defined, it is not associated with any particular
project or scenario

Project 123 SwtcheaL AN Scenaio: scenaril [Sunet o
il it Niews ScenadossyTopsioay

Help

Traffic~Senvices

Vs per sttt [100

3 Configue/Run DES: 123 SwitchedLAN-scenariol

Dt [ [minaee =] P ——

&3 Define Report: Ethemet

K|

E\ o Sss
&

import A Satstos

T Gl sis =] - St rfomaton

Tk
7 Tfic Souce

Wn Do e

ad packets)

afic Fonwarded s/sec)
ried (ackets/sec)
ed b

[sove | _coce | _soess

50

£

e

[

L)

node 2
node 15 ode 1.

200 i corprasion s, e Tk e crars g aint rsfsom
o Copyrione G 3004 Seerin wetour oo vorTe-sheeeees e

S Project 123 SwichedLAN Scenaric scenaio. [Subnet to
opokoaysrintionsenied

Confgure/Run DES: 123 Switched AN-scenaricl.
Dustion: 2 [mntew) 7]
Viospar st [0
Gt ttes| Repas |

Network calendartine: 13:22:15,000 0ct 102016
¥ Generte web report fo simustion esus

Minum numbe of decimal places forstatics n output repors: [2

Nuber of entries dsplayed in Top N reports: [[EAIN-

Statiica repors s

SN

T Custom Application -]
g 3
0 Email
ZE=r
O ool J;l

Defie Satisics Repor

Define SLA Report

o

Detaled Cancel fony b

|
e
&l
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Configuring Simulations (cont'd)

@ Reports: User Selected vs. Ethernet (default)

=]

145359 O ~ &

= =]

&) C:\Users\RAD\op_report\123 Switchedl

145339\ 0 - & || {1

Fle Edit View Favorits Took Help

Results

= Report: User
Selected

Report: Ethernet

Report: User
Selected

+ Global St cs
* Ethernet

Project: 123_SwitchedLAN Report: User Selected
Title: Global Statistic

Scenario: scenariol
Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon Oct 10

Ethernet Delay (sec)
Statistic Sampling Period is 1 second.

Etvermet Deiay (zec)

Results

= Report: User
Selected

Report: Ethernet

Report: Ethernet

« Global Statistics
* Ethemnet

Project:
123_SwitchedLAN

Report: Ethernet

Title: Top Objects for

Ethernet

15 Mon Oct 10 2016 to 13:24:15 Mon Oct
10 2016.

Scenario: scenariol

Simulated from 13:

Ethernet Collision Count
sampling period is 1 second.
Sort By Sorted By Sort By
Node Average Peak

2383.8] — 2.570.00 E——

aor }‘};"d‘“”‘ﬂ““k’ node 2 | 15324m 20500m
- ByNode > >
- By Statisic node 7 | 15306 215.00m
= Ethemet node 15| 15273m Bs00m
node 6| 15196m 208.00m
. node 11 15153m 19400m
s % S % node 10 15148 M 19200m
ST e
5 & 4 oF node 5 | 15125m 21600m
node 13 151.03m 201.00m
node 4 | 15033m 2200m
node 14 14990m 200.00m v
wi0% ~ Ri00% -
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Configuring Simulations (cont'd)

@ SLAs — define the thresholds that will be applied against the results

collected during the simulation study

&3 Project 123_SwitchedLAN Sc
File Edit View Scena
Help

o €2 Configure/Run DE: 123 Switched AN scenariol
Dustion: [2 [mntefs) <]
Ve pestts: [0

Gt | Fots |

=R R =

[V Generate web report for simulation resuts.
[ PR —————— |

mrof o doedin Top Nt [ 77 2]

Saitcs eports s
220
0 e = =
0 A =
3 e
3 ATH Swtcn
= 1 Bidae and Swich = |
o |

Dene Stetcs Repot Do SLA Repot
2 Taovsyouto demenew S report o chocre o

L |

183 Project: 123 SwitchedLAN Scenario: scenari
File Edt View

ielp

o 5ubnt tof BB Confgrea 85123 Swchet s

3 Define Service Level Agreement

F Goodl Smmios
517 Node Sitetice
50 Lik Stics

g
%J E

e

Servie level agreement [NONE =l

Save Cose Heb

o A S| e
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@ Define SLA Report...

= bla-bla-bla = Save

B3 Project: 123 SwitchedLAN Scenari: scenarcl. [Subnet m,{ Configure/Run DES: 173 SwitchedlAN-scemaricl | (=)@ &) w} B3 Project 123 Switched AN Scenari: scenaricl. [Subnet m{ Configure/Run DES: 123 Switched AN-sceraricl | [ (@) }
i EditView.q il it Vw5
i 3 DefneSence Leve Agreement T e T — ==
"] Show conplance  the “Dely o) Don e e "Dy ooy
sotaics oo ][0T a S
5 e v [ opmocel g ® of B
[ peroentof he . = -modet 5| =g perset o e tme.
Name B Date modified Type
128 Bucketdration 1 123 SwitchedLAN.project 10/10/2016 3:08 PM  File folder
R oot - e |
. .
E
B
e -
e L
Caroutr
0 8
== |l o Deskon
. Senvic level agreement [NONE =l
i nane froanedobe] S|
Import Al tics Save Close belp Close Heb
e “ romnons| g | e | o= | i | Soestpe:  [SAPbe Rt =]
B E =
e | T
m, = .,.4. 5 s o A
e e
e s =5
O R ermetion T Coyriohe o> 058 seeTas patdars memonir o g e profespioast _jj ;"’., aferaation 15 CopTIONE Co> SV28 Seer v ooy Ieopasersear e e _lj
019 i) T )
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@ Save as <file name>.pbs.m, not just <file name>.pbs

Flename:

Savesstpe:  [SLAProbe Hodel Fles (posm)

i <o 206 g corurass

on. Trey, smaze e
Ap b gt st

rasinte srofemsion’

75

eq,nzu)x

R =l
Sovesstpe:  [SUAPbe Hodd P () g
=
y
R | .
ot i ==

L

o s i, T e Tk e e i et psfesons
oo (o> 018 seer patdnes e e 1o pattenr o
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i EditView. i it Vw5
i [ I— o= e T — clel=
# the "Delay (sec)’ £ the "Delay (sec)’
2 save ns 3 sove s =
o | o — s
sver [T omeies - B S swvein [T op i | B ettt
) Name : Date modified Type ) Name Date modified Type
123 Swachedl AN preect 10102016 308PM  File foder 123 SwichedtANpreect 107102016 308PM i foder
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| I
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I
B
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Configuring Simulations (cont'd)

@ Donel

3 Project: 123 SwitchedLAN Scenario: scenarcl. [Subnet. m{

Configure/Run DES: 123_SwitchedLAN-scenaricl

[BEEE)

i EditView.5q
i 100 Define Service Level Agreement ==

=TT Gioba S ] Show complence e "Dy <y

e saich [piow [0
E T 50 Tt o
HEpc [ peuetateme

78 Node Statistics

" b ket dren
fo [ =]
0 g
e
e
20
== |l B

Senvice level agrment [VolP
Import Al Satsts

25

Save Cose teb

50

ode 1: ~
nnde 14 node 2
75
node 15 node.1
femrrione (o> 2616 vt carperasizn. sease renseres g vapinte

M. o
T ircnstio 15 Comyriane 0 058 et meTers o mo16 prtetaer oo

Victe Fie: (C:\Users\RAD\op._odsls\VolP e

2 Project: 123 SwitchedLAN Scenaro:scensiel. [Subnet tofl € Confgure/Run DES: 123 SwitchedL AN-scenaricl .- )
Fil - EditView - Scenaiios - Topology. Trafic.- Sences et [ =]
Help
Velesperstic: [T
Gobal it epots |
o ms m m m
Network caendartime: 1322:15,0000ct 102016
m ¥ Generte webrepot o simuaton reuks
s g M umberof decimal loces frstaistic m ot epors: [ 2]
s =
o Narborof s dayd i Top o [7 2]
Saisics eprs
0
oo 10
s
[ Bridoe and Swich _IL‘ J_l
e
kil K}
Deine Sasis Repot Defe SLARepat
" gm
S Detaed. Bn Concel | tony b

node 13 node 3
0

node 14

75
node 15

node 1
Jseresss o> 206 mapias carpsrasion. Troy. new vor snsze cnser uaiog pants proessions
tap B b i i B oo ity -
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Configuring Simulations (cont'd)

o Let'ssee... ®

B pres . Sees e
Fi G Snnen Ty o S S N o 050G ik T T —r ey s 4
o
0sHASHE0LLTEE B AN A x2UBE UBE
———— —| | Results N

= SLA: VoIP
r
e
o
= .
=

- 2
s
rodei Project: 123_SwitchedLAN
0 Scenario: scenariol
= e Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon Oct 10 2016
o7
= B |
O R areation T Coyriohe o> S058 SeeTas patdars emonir e pateenr o =
o=
Launching web browser. Feaseslow some tme. mman 8 w0
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@ SLA violation: Global Ethernet Delay was above the SLA limit of 0.15
seconds for more than 5% of packets in each period

(2)[ £) CaUsers\RAD\op_report:\123 SwitchedLANscenariol \DES Reports\graphs @10-10-2016 151538\ O ~ & || (1) £

==

[ £) \Users\RADop.reports\123 SwitchedLANscenario1\DES Report\graphs @10-10-2016 1515.38\: 0 ~ € || (1) 1.

File Edi View Favortes Tools Help

File Edit View Favorits Tools Help

Results

= SLA: VoIP

= Report: User
Selected

SLA: VoIP

* Violations
‘ext Summary.

fics

= Ethemet

+ Close Calls
o Text Summary

Project: .
123 SwitchedLAN  SLA: VoIP
Title: Violations Text
Summary

Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon Oct 10
2016.

Scenario: scenariol

Global Statistics
Global Ethernet Delay (sec) was above the SLA limit of 0.15. During the worst

‘period (of 60 seconds), it was above the limit 42% of the time. Furthermore,
during 1 other period, it was above the limit at least 5% of the time

®100% -

Roman Dunaytsev (SUT

Network Mode

Results

= SLA: VoIP

Project:

123 SwitchedLAN  SLA: VoIP

Title: Global Statistics

Scenario: scenariol

= Report: User e
—— Violations Summary
Simulated from 13:22:15 Mon Oct 10 2016 to 13:24:15 Mon Oct
102016
SLA: VoIP Ethernet
o %of | %of |Number
« Violations [Violations| Violations|  of
> Text Summary During | During | Periods
. stics ‘Worst Entire in
= Ethemnet Period |Sis i Violation|
[Ethernet|
. CID“TCEUSS : @ [Delav 2 40 | 20000 | 01545 | 14332 | 0
* Text Summary |Geo)
(@ Denotes Service Level Agreement Violation
< >
0% -
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Configuring Simulations (cont'd)

e Statistic graph — statistic threshold, sample mean, min/max values,
standard deviation, and sample count (total number of values)

@ Percent compliance graph — percentage of values in each period
that comply with the statistic threshold

| === | 2 Results Browser fela==

1\DES Reports\graphs@10-10-2016 1515 38\ay © ~ & | () 1.7 &

eegc

e [DES Pt Sudes| DS Run ) T o s Gt

Fie Edt View | Frvi
Results & SR — 4 T e
; rret Dty e
= SLA: VoIP } I
= Report: User E—
Selected Y oottt (s = "% ot vabes n compbance of Bhemnet Do (s0c)
o 0
[rS—
SLA: VoIP [ S P ooy
[5- Giobal Sisstics o020, /vawv.ﬂ\/mwf\/\
+ Violations ’ o
 Text Summary A ) SLAVeIP ©. © . ©. &, ©.
- Global Statistics S User Seeced g;" ‘f}%{ S5 %’%’ %ﬁf ~e§¢
= Ethemet K KT KF P P &7
+ Close Calls
- Text Summary Presetaion
Stacked Statos 7]
T —
v
K1}
< >
o - I~ e Viows Unseloct A0 v Sow
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Configuring Simulations (cont'd)

@ Detailed mode of Configure/Run DES has multiple pages of controls

3 Project: 123_SwitchedLAN Scenaric: scenariol [Subnet: top.Office Network]

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

SEI=]

DES 3DNV Design

Windows

&3 Configure/Run DES: 123 SwitchedLAN-scenariol

Preview Smulation Set

Number of runs: 1

Common Common

Inputs

Quiputs Duration: |2 mintes) =l
Execution

Furtime Displays

Seed: [128
Values per statistic: [100

Update nterval: [500000 everts

Simuiation set name: [scenario

Enter Mutiple Seed Values.

Simulation Kemel: | Based on kemel_type' preference x| (Preference set to "development”)

O]

Commerts:

Simple. Edt Simulation Sequence.

Cancel Aoy Help

I

o8 g g
node 15 node 1
[copyrishe <) 2016 mapanta o

ation, Tray, wew Yark. image rendersd using Waginfe prafessional;
e e e e TR R s e e e

Roman Dunaytsev (SUT Network Mod

& Simulation

Lecture Ne 6

38 / 65



Configuring Simulations (cont'd)

@ Common - allows specification of commonly used parameters

@ Seed - the seed value for the random number generator

e Enter Multiple Seed Values... — allows you to specify multiple seeds
e Varying the random number seed across a family of simulations helps

ensure statistical validity

R Configure/Run DES: 123 SwitchedLAN-scenaricl

[=SIeE)

@ bt s
e
s | |
s
s
130 137 [
~| -
Lt o =
e Gl

Roman Dunaytsev (SUT)

Configure/Run DES: 123 SwitchedLAN-scenariol

[E=8 e =]
Preview Smaton Set Nonbes ofurs: 10
Cormen Cormen
5 Gaan Ducton: [2 [nast) =]
&7 Rrone bt PO o E— YT
Vakes p C—
i [0 events
Smuat [Based an kemel type'prefoence ] Preference setto “developmert’)
‘Smuaton s
Commerts |
= 5]
Ege Smuaton Secuence. Cancel foply Heb
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Configuring Simulations (cont'd)

@ Update interval — determines the frequency with which simulation
progress reports are displayed in the simulation console

e Simulation Kernel — specifies the type of simulation kernel
o Development — allows close monitoring and debugging of the

simulation

o Optimized — optimizes the code for fast execution

3 Configure/Rum DES 123 Switched AN-scenariol e les 2 preerencesEdtor-C\User RAD\Gpsdmienv cold 5 =]
Preview Simuiation Set Number of uns; 10 Searchfor: [TRERTE | | =
G ] [ Com (B
= Arange by [Goups = ™ Advanced view
5 Gl Outen: [ [mnase ] = [ Thome Ve |
S Becden 4 Dacre ver Smision
- Riime il Sout: [N TO YT il Seed Vaes Daorls et Send Discrete Evert Seudaton Corfic

Vaos porstatic: [0
=l
] J
mm——
Nane: St Keme! Type B|
Vo, dnvkpren N
= - Description: Defaut type of simulation kemel to use ('development ™ or
£t Smision Secuence. Ly JJ opimizeg). The kemel 12.o S4biness vl mtch havoots <
o | o o
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Configuring Simulations (cont'd)

@ Inputs — contains several subcategories that can be used to specify
configuration items such as global attributes, promoted object
attributes, traffic growth, terrain modeling, and environment files

2 Confgue/fun 085123 Swiched AN sanariol. [l o | [ comgurermun ves 12 Switchedtan-scenrot Eojes
. Nartersfne: 1
‘Common. <] [ Obiect Attibute -
| e . [asTva o)
S i
s
i
=l g I ;’J
K1) o[ 7 Use defoul valuesfor uvesaived atrbutes
o | | ) e e e | Vet L
Sple.._| gk Simiton Sequence CEn | cence oty e Simle..._| gt Smultion Sequence. Cancel oy b
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Configuring Simulations (cont'd)

@ Outputs — contains several subcategories that allow configuring
reports to be created upon simulation completion, the time period for
collecting simulation statistics, simulation log data collection,

animation, etc.

{3 Configure/Run DES: 123_SwitchedLAN-scenariol 1

Eelre e

Define Sstiscs Fepor

=]
o | Edt Smiton Seauence

5| =
" o
Defne SLA Repot.

Bn s | toolr o

Roman Dunaytsev (SUT)

3 Configure/Run DES: 123 SwitchedLAN-scensriol (=3 Eon |
=
=
S, | 5 Srson Seamnce B | e | s | e
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© Manage scenarios
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Manage Scenarios

@ Manage Scenarios — organizes all scenarios within the project in the
form of a table

@ Scenarios = Manage Scenarios...

B e 1 = T =
Fle Edit View (Sccnaiz) Topology._Trffc _Semices_Protocols NetDoctor Fiow Anshyss DES. 3DNV. Design - Windows e i View s ScenaiossTopologysTffceSevicesmFotocolssshetDociots Flow oy DES 30NV DesignsWindows
Help New Scenario, Ctrl+Shift+N F Help
= Duplicate Scenario. Ctrl+Shift+D ] A
asEa Ak H0EE Y 8 2 Manage Scenros
Mensge Scnaion.
T 5 5 —
- et name: [T Swiched AN
e G .
o ¥ Somo Nome Soved [Fomts [5m [Tme
L et e o e
Switch To Scenario » 1 scenatol saved uptodate 20 minte(s)
) ko 20 e
EEEEETTIEE ’ 3 scenariod saved uptodate 20 minte(s)
= | UserDefined Reports 5 & scenonot aved odoldste 20 i)
T o
Ottt Diference Repot D
i Live Object/Attribute Diffe >
(== .. S
Mol Completens Aty .
GenesteNemorklmerton Sarmay
00 L]
cene S We ot
= (Generate Scenario Btmap.. ==
s g View esocinted Outpt Tales - I )

lﬂ:
node 13 m 5 node 13 E=
70 0
nbda T4 .m 2 mu. mode2
s

nodet5 odet node 15 rodera.

e 0 206 s e, v v vk s e g gt st g o 20e ot et e e o e e g st ot =
Aoy ol Respa ittt ooy s 3 2018 SeuFen e e e petetien o

L=
o/ Bl

373.0%
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Manage Scenarios (cont'd)

@ OK - saves all the changes, plus all scenarios marked to <collect> or
<recollect> the results will automatically begin executing in the order
of their scenario numbers

@ Cancel - discards all the changes and closes the window

&3 Manage Scenarios

=] =]
Project name: [123_Swiched AN Project name: |123_Switched AN
# |Scenaric Name Saved |Resuits. Sim Time || # |Scenario Name Saved |Results Sim Time ||
Duration | Units Duration | Units
1 scenano 1 saved  wptodate 20 minute) 1 scenao 1 saved  wptodate 20 minute(s)
2 scenano2 saved outof date 20 minutes) 2 soenarioz saved  outof date 20 minute(s)
3 scenanod saved _wptodate 20 minutels) 3 scenanod saved  wtodate 20 minute(s)
4 scenarol 4 <collect> 20 minute(s) 4 scenaro: 4 saved  [TTECINNNN 20 minute(s)
<delete> <colect>
<discard>
Delete Discard Resuts | Collct Resuts ok e | pep | Delete Discard Resuts | Coliect Resuts oK Carcel e |

=] &3 Manage Scenarios
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© Running simulations
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Running Simulations

@ Pause — suspends simulation execution
@ Resume - resumes simulation execution

@ Stop — terminates simulation execution, resulting in only partial
simulation results being collected

3 Simulation Progress: 123_SwitchedLAN-scenariol =0 EeR| =
Simiation progress
Elapsed tme — [~ Estimated remaining time
[ 15 /120 sim secands 1] & 18
Simuiated Time: 1m 5% Everts: 16.500.728 DES Log: 200 ertries
Update Progress Irfo
Spesd: Average: 2,775,097 events/sec. Curent: 2941316 everts/sec
Smiation Speed| Live Stats | Memary Usage | Messages [Invocatin
Beginning simulation of 123 _SwitchedLAN-scemariol at 07:29:45 Tue Oct 11 2016 = |
Kernel: development (not optimized), seguential, 32-bit address space
[V Save output when pausing or stopping simulation
Simuiation Console Pase | s | | B |
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Running Simulations (cont'd)

@ Once the simulation completes, the simulation progress pane will

button enabled

display the message 'Simulation Completed’ and will have the 'Close’

Simistin poed| Lve S| Wenr Usge| Messags [ocaten

[Beginning simulation of 123_SwitchedAN-scenaziol at 07:19:27 Tue Oct 11 2016

|

nel: development (not cptimized), sequential, 32-bit address space

cion Completed - Collating Results.
4,029); Aves:

21 events/sec.)
lapsed (5.5 sec.); Stmulated (2 min. 0 sec.)

¥ Save output when pausing o stopping smulton

Smuaton Console

o T e (S T S e

Gose b
= T

|

7508, 10326

Sinuisted T Os Everts: 98

DES Log: 2ertries
Speed: Average: 43380 everts/sec. Cutet: - everts/sec,

Simiaion Spee | Lve Stts| emory Usage Messages | vocaten|

tion Completed - Collating
Total (38); Average Spes:

0 evencs/sec.)
psed (0.00 sec.); Simulated (0.00 sec.)
entries

¥ Save output when pausing o stopping smuation

‘Smuation Cansole

ose beb
e TP T R e T S e e e T
L

B pojec 1 scensi == 8 Poject 123 Swiched AN 1 (Subnet e
File. it View Scenaios - Topology.TraffcSenvices - Potocols - NetDoctor. Flow Analysis - DES. DNV Design - Windows File. it View Scenaios Topology.. Tafic. Sevices Protocos. NetDoctor - Flow Anabsis - DES.-3DNV.. Design.- Windows
Hep Help

DSEHANEEO 2L CFT N A ME Fk#0EBEYUBMH DRGNS HEEOLATTE N thAHE XokH#0EE 1EE

3 Simulston Progres 123 Switched AN-scenariol = 3 Simulston Progres 123 Switched AN-scenaricl foloes

Senstonpogess Smatcnpogess
Eapedtie Eapsedtne

[ ] |

St Tie: 20 00 Evets: 16714023 DES Log: 201 et

Speed: Aveage: 2850721 svertssec, Caret: - everta/ |

oL

@45.019

e

8
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@ DES Log

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 6 49 / 65



DES Log

e DES Log - records all important events that occur during the
simulation study

@ DES = Open DES Log

2 project 123. (== ron | [l Project 123 Suitchedl AN OnlyHub [Subnet: (== =)
File Edit View Scenarios Topology Traffic Servces _Protocols NetDoctor _Fiow Analysis (DES) 30NV._Design Windows File Edt View Scenarios Topology Traffic Protocols DES Windows Help
Help Choose Indvidual Satisic. osHasEEe 20 2B
QS RAa S/ EE 000 @@ Choossaistcs (Advanced) -—_—
0 COS T TE Fo Subnet B
Record Node Movement 20 Animation ForSubnet =

Expet Seiee Prdiction , L Smulation ecution: 23 Switched AN-OnHub

redes Configure/Run DiscreteEvent Smuatio... culer Smiston pogress

2

node] - Bapsed time
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=0 Run DiscreteEvent Smuaton cushi-R
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DES Log (cont'd)

@ Log Viewer = Scroll to the right for an explanation message

3 Log Viewer [E=mEcE =) 3 Log Viewer [E=3E= =]
Dicrt Evrt St [scelanes| Docrt EvrtSimiation |scelonss|
Logs Seected Log Logs Selcted Log
-, 123 Swiched AN =] [#07 Seveny 5y 123_Swiched AN ][00 Seveny = B
& et 28 e - et 30 ros
7] Category [#{7] Category
50 Case =0 Csss

L JJJ L JJ;I >

¥ Diply logsfo cuent soenariocnly Open Advanced Viewer | Cose beb ¥ Dipaylogs for curent scenano only Open Advanced Viewes

"
d
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DES Log (cont'd)

2 Log Entry 200

@ Each simulation run results in at least one DES Log message generated

B| [Eugemyan =
File Edit Opuons File Edit Dptloni
P =] T op_runsim (7805 32 |
1 Hl ht?’ layer retransmissions Ker development (not optimized), sequential, 32-bit address space
2. Unexpectedly high packet ED11|51DH5 Total (16,714,029); Average speed (2,9 3. -’ events/sec.
Elapsed (5.8 2y simul min.
CAUSE(S): emory:
Ethernet MAC layer discarded packet (ID #53949] tntal (12,248 kB)
arter unsuccessfully attempting to tr
it for the maximum allowed sixteen accew‘pcs
REMEDIAL ACTION(S):
1. Reduce network load.
2. Use EtherChannel or higher speed ethernet.

)
-3
eneral 13,296 kB)} categorized (4,53 a3 Booted (3,995 kb);

El
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DES Log (cont'd)

@ 'All links and paths are connected properly.” Oh really? ©

Project 123 scenarol. [ EE= 2 Project 123 I oo &
File. it View Scenarios - Topology.Traffc. Senvices - Protocols - NetDoctor- Flow Analysis - DES.3DNV.-Design.- Windorw Fie Edt View Scenarios Topology Traffic.Sences  Prtocols NetDoctor - Fow Anayss DES 30NV Design Windows
Help Help
ASEHASNEEO 2L CFT N A ME ok #0EBEUEH DRGNS HEEOLATEE N thAHE Xk H#0EE 1M
o s =0 ED %o 25 0 T E | g s o EQ g s 70 T E B
g‘
. g o €3 (Hubd <> node.0) Anributes (=)
Vake |
T0EaseT
b1 s 50
bt 0
node_Ohib 0
roce Ot 0
Nons
= _
I~ Adyanced =
@ frer I ovkto slected aiects _JE
I Bty
s = ik s o coacod ol a8
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DES Log (cont'd

o Let'ssee... ®

3 Log Viewer &3 LogEntry1 (55|
Discrse Evert Siuition |Miscelaneous | File Edit Options
Logs
= S [ veesaze 1= JJJJ
1 ¥2)at modide $op Office Networ Hub hub). T (0, EV 81)... Simulation terminated by Process (ethernet_hub vz) at module (top.Office |
2 I Network. Hub1.hub), T (0), (81)

Error: Not all :unneccwns Tohan (Hub1) are of the same data rate.
The data rate of a nts must be either 1oMbps, 100Mbps
1000MDps. An Ethernet Hub 15 a shared media device'and requires
that ali the connections be of the same spee

Ly ol .

¥ Diply logsfo cuent soenariocnly Open Advanced Viewsr | Gose e

Line: 1
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Outline

© Animation
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@ 3 types of animation:
e Statistic Animation — shows a graph illustrating the value of a given
statistic
o Packet Flow Animation — shows the network as it is represented in
the scenario, with packets traversing the links
o Node Animation — shows how nodes operate or move during a
simulation study
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Animation (cont'd)

@ Record Statistic Animation vs. Generate Live Statistic

B3 Choose Results
[E7=] Global Statistics =]
{7 Ethemet

Traffic: Sink

Traffic Source
Node Statistics
Link Statistics

Ly o

v Record Statistic Animation

‘Statistic information

Naorintinn

Generate Live Statistic
Change Collection Mode
Change Draw Style

=l
Modfy.

Modfy.

Draw style: linear

Collection mode: Bucket
Total of <defauit> values
sample mean
Data collection
¥ Generate vector data
| Record statistic animation
I Generate live statistic

[~ Generate scalar data

Using [lestvae o]

E3 Choose Results

[E{5]_Gobal Statistics
A Ethemet

(I
Traffic Sink
Traffic Source
#7] Nods Statistics
Link Statistics

=

v Generate Live Statistic

iy

Statistic information
e

Record Statistic Animation

Change Collection Mode
Change Draw Style

=
Modty.

Modty.

Draw style: linear

Collection mode: Bucket
Total of <defauit> values
sample mean
Data collciion
¥ Generate vector data
[ Record statistic animation
[V Generate live statistic

[~ Generate scalar data

Using [lastvave o
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Animation (cont'd)

@ Record Statistic Animation vs. Generate Live Statistic

e DES = Play 2D Animation

o DES = Configure/Run Discrete Event Simulation... = Run =

= Live Stats

=8 o == I3 Project: 123 SuitchedLAN
il Windows Help File- it View-Scenaio. o ProtoclsNetDoctor - Fiow AnsyisDES.- 30NV es
v
N o mm . = _ = — -
e NEEHANEHEO QTR T AmAME “HkHA0BE LS
R e [ 3 Simlston Progres 123 Switched AN scenarcl ==
- Smistonroges
Saped e — I Esaed renaingtine
N p
o
St T 430 Everts: 550025 0ES Log 20 s e —
Spod: g 2549575 vt/ et 2645503 veriso e
o
/ NZAN it o] Lve St Wy Lsae Wosss ot
o0 =
os etk (sec
oz
o
| ! T ! AN WV W
o © » » \VA=aav
E .
F R R E—
et
=]
D[ | [ovotoa s =] Show Graph
T T T opem—————
: St Corse ) e
[l o T | -
vt o Tidopiared
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Animation (cont'd)

@ Packet Flow Animation

o DES Animation for Subnet = Record Packet Flows

o DES = Configure/Run Discrete Event Simulation...

e DES = Play 2D Animation

= Run

3 Project 123

(E=% EoR =

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

ASEA S EHEO L CFR A mAME 2kH40BE LS E

g e =0 g ™o = 0 Crama

GoTo Parent Subnet
i 7
Zoom To Window

Edit Seected Objects

o

€ ViewResults
- s Find Top Results
= [ orenossios
=  Record Packet Flows.
ko » Record Node Movements

L]
T3 FestureSelected ObjectsIn Showease. »

[

b

o)

File Edit Controls

Windows _ Help

lo| Bl

7911305
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Animation (cont'd)

© Node Animation

o Choose Individual DES Statistics = Animations = Node Animation =
= OK

2 prjece 13 " = 3 projct 123 Swiched AN - loEs
e it View Scenarios Topology Trffc Senices ProtocolsNelDoctor - Flow Analysis |DES. 3DNV. DesgnWindows il it Viewss cenaionsTopoon
Help telp B 5
NERANEE0 S0 T T gw AN A EE U E s s R as/EEe s bsram =
g s 20 EQ 20 @5 70 Eg C | o s 20 E i
507 s s

Edit Attributes

e SetName s
M Select
Edit Node Model nodel5.

m i
En Edit Documentation - 2
5o Edit Atrbutes (Advanced) acde 10
FesurenShowcse , o |
Ea Atribute Reports » & C o
nm it node 11
View Node Desciption

Select Similar Nodes ]
= Edit Similar Nodes ma
) ©
node 12

1]_Node Stttcs
L] Erem

Fail This Node o (e}
Edit Alsces s IS
5
‘Choose Individual DES Statistics
Dae = roatic Using [fastvaoe =
View Resultz =

o —
opentes og G|
=

e
wod  Bring To Front node 19 cznn
sfmmm 75
s M s ‘ J
Jrion @ ami e compasen. v, ek e e i 0,20 s ety A o s ey st i
aj oy

e g T S L e =l
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Animation (cont'd)

© Node Animation

e DES = Configure/Run Discrete Event Simulation... = Run
e DES = Play 2D Animation

S prjece 1

Help Choose Individual Statistcs

NS HG NEE 00 0@ Chooestitcs (danced)

o £ =0 e %0

Expert Servce Prediction

Ru

Restart

Event Simulato

Event
Open DES Log
Resuts

Play 20 Animation

Panels

Panel Operations

Record Node Movement 2D Animation For Subnet

(Configure/Run Discrete Event Simulation. iR
Configure/Run Discrete Event Simulation (Advanced)

=k 8 Arimtion Viewer top Office Networknode. packe o

Fie Edit View Scenarios Topology Traffic Seices Protocoks NetDoctor Flow Analysis (DES) 3DNV. Design Windows

File Edt Controls Windows

n G e -

S @=

For Subnet

»

CtlsshiftsR.

fesrrione (c) 2016 it carperas mage censeres uing rapints professinal
e L RS T R S 15

v patear .

[Enable/Disabe DES Subnel Nods Movemert Anmaon

|
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l
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Animation (cont'd)

© Node/Process Animation

o Choose Individual DES Statistics = Animations =
= Process Animation = bla-bla-bla= OK

2 projec 123 i =k 3 Project 123 SwichedL AN “ o o=
Fle Edt View Scensros Topology Trffic Senices Protocols NetDoctor Flow Anslysis DES DNV Design Windows File.Edit - View Scenarios - Topalogy
Help telp Descrp
DSHANEEC 2 TFT A mAME XM BE LS8 ASRaNEEe S L]
T T T T T T g DT T
[ o sciue
e SetName
= et
== Edit Node Model
Edit Documentaion

Edit Attributes (Advanced)
Feature In Showcase. »
Attribute Reports »

View Node Description
Select Similar Nodes ]
Edit Similar Nodes

View

o

J

Open DES Log

nody  Bring To Front

g Send To Back

] _iE
anne 8 wwus 8
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Animation (cont'd)

© Node/Process Animation

e DES = Configure/Run Discrete Event Simulation... = Run
e DES = Play 2D Animation

S prjece 1

Fie Edit View Scenarios Topology Traffic Seices Protocoks NetDoctor Flow Analysis (DES) 3DNV. Design Windows

Help Choose Individual Statistcs...

QSEHA N E B0 9 0@ @@ Choosesatistics (dvanced)

e w w
= et SenicePrcicion

250

Run Discrete Event Simula
Restart Discrete Event S
Open DES Log

Results

Play 2D Animation
0
— Panels

Panel Operations

For Subnet
Record Node Movement 2D Animation For Subnet

x (Configure/Run Discrete Event Simulation. iR
Configure/Run Discrete Event Simulation (Advanced)

(E=8 ECR ==

»

CtlsshiftsR.

[Enable/Disabe DES Subnel Nods Movemert Anmaon

|E

,
wesion  ®

|

e @
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Animation (cont'd)

e DES = Configure/Run Discrete Event Simulation... = Outputs =
= Animation = 2D =- Play animation during simulation

&3 Configure/Run DES: 123_SwitchedLAN-scenariol =N B
Preview Simulation Set Mumber of nuns: 1
J 20
Iv Play animation during simulation
eports .
Giobel Packet Stetitcs Hoat: [ocalost
Animation - [a
— Fortofeet:
- 30 Timeout (sec): |2
Statistics Collection S
Logging Attempts: |5
Execution
Rurtime Displays [ Launch animation viewsr
¥ Send animation to history file
History file: 123_SwitchedLAN-scenario 1-DES-cun &>
Simple.... | Edit Simulation Sequence.. ‘ Bun Cancel | Apply | Help ‘
Roman Dunaytsev (SUT) Network Mod & Simulation Lecture Ne 6 64 / 65




Animation (cont'd)

o Riverbed Modeler Academic Edition : no Animation Viewer ®
e 123 SwitchedLAN-OnlyHub-DES-1.ah : ~ 161 MB

L Project: 123 Swit (F=SEen = [l Project 123 F=
File Edt View Scenarios Topology Trffic Protocols DES Windows Help File Edt View Scenarios Topology Trffic Protocols (DES) Windows Help
asEaNERe s W sBE N a5 E @09 0w B[ Crosidviduel sutiics.
kL -0 =0 -0 ) 20 10 ° 1 EJ E) ) w0 N L ) ) - 0 E) 0] -
B Configure/Run Discrete Event Simulation. CtrisR B
" g o Run Discrte Event Simulaton CoshiftR
GoTo Prent Subnet = Openbisios
Zoom ToSdecton T oo ,
E) Zoom To All node ) = £ rode.}
— Panls
Zoomout == == Panel Opesions
» »
o Selected Objcts
Choose ndiidual DS ttisis
. == o
ViewRests
Find Top Resuls
° Open DES Lc °
penDESLag —
— — node 4.
DES Arimation o unit ™ ' Retart ek FIowS
- _— Record Node Movements. o
il node i1 ode s .
o o
=3 =
o (o] o
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] ol Ll |
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