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Outline

0 Viewing results
eo Predefined filters

As Is
@ Probability Density (PDF)
@ Probability Mass (PMF)
@ Cumulative Distribution (CDF)
@ Histogram (Sample Distribution)
@ Histogram (Time Distribution)
@ abscissa_filter
@ adder
@ average
@ constant _ shift
@ delay element
@ differentiator
@ exponentiator
gain
o glitch _notch
@ integrator
@ limiter
@ logarithm
@ moving_average
@ multiplier
@ reciprocal
@ sample _sum
@ time_average
@ time_window
@ time_window _average
o value_ notch
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Outline

0 Viewing results

Roman Dunaytsev (SUT) Network Modeling & Simulation 3 /84



Viewing Results

@ Once the simulation has finished running, it is time to display and
analyze the collected results

e OPNET /Riverbed provides several utilities for displaying, examining,
and comparing the results collected during simulation

Simulate
wired and wireless
networks of
realistic scale

Model

protocoks, devices,
and technologies

OPNET
MODELER
WORKFLOW

Analyze
simulation results
quickly and
intuitively
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Viewing Results (cont'd)

@ View Results

K3 Project: project] Scenario: scenariol. [Subnet: top] oo ==
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV Design Windows
Help
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Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 7 5/ 84



Viewing Results (cont'd

o DES = Results = View Results...

&3 Project: project! Scenario: scenariol [Subnet: top]

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

Help

Choose Individual Statistics.
Choose Statistics (Advanced)
Record Packet Flow 2D Animation For Subnet.

Record Node Movement 2D Animation For Subnet

Expert Service Prediction 3
Configure/Run Discrete Event Simulation... CtrisR
Configure/Run Discrete Event Simulation (Advanced)

Run Discrete Event Simulation Ctrl+Shift+R

Restart Discrete Event Simulation

Open DES Log

View Results... Results 3
3
Compare Results.. .
. Find Top Statistics.
View Application Delay Tracking e 4
S Panel Operations »
View DES Reports
Generate Web Report...
se0° Launch Last Web Report el N
st

copyrighe (=) 2016 uspinfe Corporasisn Trey, wew vork. Inage randarsd using uspInfs professisnal
ity informacion 15 Copyrighe (c) 2016 Stefan Melders wm.world-gazecteer con.

-
o |

Enable/Disable DES Subnet Node Movement Animation 46408360 B

Roman Dunaytsev (SUT Network Modeling & Simulation Lecture




Viewing Results (cont'd)

@ Right-click anywhere within the workspace = View Results

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

NERANEHE? 22 FFE B th AN X&#0EE U8 e

s Wi

i wer we e e e e |

Go To Parent Subnet
Zoom To Selection
Zoom To All

N2s*.
BN Zoomn

Zeom Out
Zoom To Window

3
Feature Selected Objects In Showcase »

NG Edit Selected Objects
s

Choose Individual DES Statistics

Find Top Results

s N
Open DES Log
| DES Animation for Subnet O B

s78" = . = H

e @) S5 e e, T (o S o) i e B

S e A e e bt S

K| =

74 40,4880 |
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Viewing Results (cont'd)

@ Riverbed Modeler Academic Edition : Results Browser

Ll Project: 123 SwitchedLAN Scenario: OnlyHub [Subnet: top.Office Network]

File Edit View Scenarios Topology Traffic Protocols DES Windows Help

OSEa I EEe 2% 2BE

Ty =] ] ) ) ET ] 10 = = ) ® @

w
1] Simulation Execution: 123 SwitchedLAN-OnlyHub
Simulation progress
£ Bapsedtine — - Estimated remaining tine
[ Simulation Completed. = -
- Simuiated Time: 2m 00s Events: 16.714.029 DES Log: 201 entries
Speed: Average: 6,595,911 everte/sec. Curent: - everts/sec. Q

Progress Info | Next Steps

Results Brossser: Look o statisics, outpLt tables, and parametic deta
o .
@ Reload Analysis Panels: Reload ol analysis panels wih the latest resuts
0 @ Find Top Results Find and graph the Top N esuis for  gven statisic

DES Log: Openthe smulation log to ses impartant simuiation status messages

-
)
. I™ Clase window when choosing Next Step’
wlation Console Close Heb |
6830.3787 Bl
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Viewing Results (cont'd)

@ Results Browser — displays information in the form of graphs

o OPNET Modeler vs. Riverbed Modeler Academic Edition

3 Resuits Browser {E=3 o8 =] Ll Results Browser oo /==
055 Gashe| S Pt Sudes | o G| OES Gass |OES Paranati s Fow G|
Roautsfor; [Coret Sosmaro =] Resutsfo: [Curert Scaram =]
=
5| L I
Srowresuts: [Found many scctedfies =l Showrests: [Found 1y decedties K
Arangement: [Default o] e Aangement: [Defaut o e
3 |
K1) J" L ;l_‘
I~ lroe Vews T ignceVews
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Viewing Results (cont'd)

@ DES = Results = View Results... = Current Scenario (default)

3 Results Browser =N [Een ===
DES Graphs ‘DES Parametric Studies | DES Run (1) Tables | Fow Analysis Graphs|

Resuts for: | Curent Scenario =] Preview

=3 ‘2__13 Sttched AN o Ethernet Delay (s2c)
scenario|
, A [
Mol AT
2 W
Show resuts: | Found in any selected files =] o ¥ 1
Amangemert: | Defauit | Edit /
=~ Global Statistics = ¢
E)-; Ehemet
Ei‘ 123_SwitchedL AN scenario1-DES-1 n‘:" ‘953’ -9*56‘ 'ﬁb#' 'ﬁb#’ ,ﬁ"g ,ﬁ"g ’#w@
Trafic Srk S S S S S
e e A SRS Sl S

Presentation
Stacked Statistics =l

Asls j "Mi

o

L
I™ lgnore Views Unselect Al Add Show
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Viewing Results (cont'd)

@ DES = Results = Compare Results...

2 Project 123 l 2 Resuls Browser
Fie  Edt View Scenarios Topoogy. Trfi Senies Protocos NetDoctor Flow Anaysis (DES) 30NV._ Desgn e e
Help Choose Individual Statistics... = T
= Rentofor Gt o =] v
ABEA S B W] Choose Sutsics Adanced)
M9 =T0 T B O T E— | 123 Swicheol AN.scenar D61
——— S che Hfs sty
Record Node Movement 2D Arimation For Skt i e} ettty )
#0 st
= Configure/Run DiscrteEvent Simultion- cuer ™ M‘l\ /\ {\“ “ ”
== Configure/Run Discrete Event Simulation (Advanced) = ¥ M
I Fan Discree Even imuiaion CuteshiteR ’7 I V'-{ UW 'w [
sty D e R P o soectad e = 1
— Aragone: [ =] /
enDES Lo
375 - § Global Statisics: a0s
S ViewResus Resus 5 Crore
G 2R —
-ompare Results. Play 2D Animation 7 B¢ 123_SwitchedLAN-scenano 1-DES-1 ©, ©, ©. ©, ©, ©. © ©,
oo [Ill v op St DR 123 Smchodl Al o2 DES 1 S B B B B B B B
e pancs , b Tt 5o P AT KT AT BF AP A A
rode ] Panel Operations. - Traic Source
25 [ GeneotewesRepor. Presertation
Launch Last Web Report Overtaid Statitics. =
s =5 — =i| =
™ ]
| 3
node_14 node 0 =nR Ignore Views: Unselect Al Add Show
- re Lokt | [ |
= =a
et ot s . . v g ey sttt gl
e T T e e
LI
b/ Diae DES Subret Node Wiverert Arinction Tomom 8
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Viewing Results (cont'd)

@ DES = Results = View Results... = Current Project

3 Results Browser

DES Grophe|DES Paametc Sudes| DES R (1) Tais| ow st G|

Ressfor: [Coment Sosnono <] revew

3 Results Browser

Resuts for: | Cument Project =l Preview
ﬂ%ﬁ E Etverret Doy (sec) e e e
A n | fi A B
MMt AL o i
5 UCHAY/LBARYRE 5| M L AROL A\
IVL{‘VW] V"‘ "w vl
Show rests: [Found mary s9ecied s 5| 010 ‘Show et [Found oy scloctedies 5| |
Srgenert: Dk =] _Eat Aragenert: Dot — ==
= G S = = Gobal S | 005
s — TS e —
b Ty BoS A 851 e e e g S Se e 2 e S S e e e S g e
b oo e K KL L KT LA o e e S R
L s
= =
Socked Satis <] Cveiad saties =]
Asls =l e Asls =l .
-l
e 1) L4 b
I lgnore Views Unselect All Add Show I Ignore Views Unselect Al Add Show

DES Graps |DES Parametrc S| DES (1) Tales| Fow s Gt

[E=2 5= =]
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Viewing Results (cont'd)

@ DES = Results = View Results... = All Projects

@ Results for — specifies whether the simulation results will be retrieved
from Current Scenario, Current Project, or All Projects (op models)

=) 2 Resuts Browser ==
s OES () T Fow s G| DES G |DES Parametc s DE5 (1) Tais| Fow Ay G|
Froview Resuts for. [ Al Proects =l Previw

B thcoax Delay (s2c)
123 Ethernet.Conx_a-DES-

123 (cDESH
O Ethermet Delay (sec)
ReheALAN Scsniol DES-1

| 20 come
| 015 e o 5
Show resuts: [Found 1 any seleciedies K| 010 o rdin -]
rangemert: [Default S rangemert: [Defak o e

o
f
BTTET ] = G s If
Py oy LS /
ec #{AL Delay fsec) |
heme: /
i W

__|
T FFFFSIEF a8 2
C Ol S C S S S S Om0s  Om20s Omd0s imOs 1m20s 1md0s  2mOs
— —
e CE—E |
=] I=|
ET O] KT —— D]

™ lrore Views Unselct Al ) Show ™ e Viws Unseect A1 add Show
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Viewing Results (cont'd)

@ Viewing results for a single object

@ Right-click on the object of interest = View Results

2 Project 123, =
File Edit View Scenarios Topology Traffic Services Protocols NetDoctor Flow Analysis DES 3DNV. Design Windows
Help

ASHANE@0 2L¢TW g mARE & #0BEL

T TH e g
g coeies
sename
=
= it Node Model
e Decumentton
Eacd Edit Attributes (Advanced)
=
Festure i Shoese 3
Jrc— 5
e
Vew Node Descrpion
Je———
mgi e Simior Nodes 1
-] i
i Fa T Node ]
. it Ases
Choose ndiduDES Sttt
s
s
Open S o
= e
o ScndToBack
i N
[ —— =
s
ol
Ol

50.10. 8868

3 Resuits Browser

DES Gaphs |DES Pt St DES (1) Tl Fow Ay G|

i
o
E

et for [Coret Soor =] oo
s
1
g =
Showress: [Fardnany slecedios =] |
progoner: [k =] _ea
=, oo S =

IS
SIS

&Y K &
[
Stacked Satatos 7]
T

L o

I~ lnor Vews Urscect A
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Viewing Results (cont'd)

@ Show results — specifies which statistics will be available when

multiple scenarios have been selected

e Found in any selected file vs. Common to all selected files

3 Results Browser

DES Graphs [DES Parametic Studs | DES A (1) Tales | Fow Anabs Graphs|

(E=3 E=R =)

Results Browser

Reststor [Cmat P =] [~ Prv

Prsertsion
| -
& Tofie
- Object Statistios ks

K1 _'I—I

™ e Vs

|

Restsfor [Gorot et =]

J |

™ lgnore Vews.

065 Gopts [0S PraneteSudes O£ o )T | o s G|

- Provew

(E=3 E=h =]
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Viewing Results (cont'd)

@ Arrangement — allows custom configuration of statistics arrangement

3 Results Browser

oes smms|ozs = M,pgsww&.w ]
Fentstr
EIZ 123, smm-aLAM

[Cuent Scenare =]

Showresuls: [Found nony seectediies  v]
Arangemert na it
oo B
bect Satstes
[Seded siatites =]
ED)
T ke Views

(E=SEcR =)

S Poject 123 Switched AN Scenari:scenr

File Edt View Scenarios
Help

1 F= 1R

Topology T

YEme ea

R sutitics Tree Arangement
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0ES Gt DS Pt Sucs| DES o

Resutsfor: [Corent Scaroro =]

50 123 Swcred AT
@ scanaro

Show et [Found nary seeciod s
Arangenert: [Defat — |

- Gobal Satitics
- Object Statistcs

K|

™ lgnore Vews

[=)e)=

Heaty i sttt o

bt Hercy> 5|

<Statistic Group> 4
St Nome>

<Sttc Feso>

=

[rora———
[Fropery Deplay? =]
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Saveis
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Viewing Results (cont'd)

e Arrangement: Default vs. Custom

{3 Statistics Tree Arangement oo === I3 Statistics Tree Arrangement o=
Hierarchy in statistic tree Hierarchy in statistic tree
<Obiect Hierarchy> =] moeus
<Statisti <Object Hi
[Czml e G =l

<Stafstic Report> T Staistic Report> _ Remove |

‘Statitic information display Statitic information dispiay

Property Display? | Property Display?  ~|

=] =]

[ Show propeties foundin other statistic sets [ Show properties found in other staistic sets

SaveAs Cancel Save As Cancel
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Viewing Results (cont'd)

e Arrangement: Default vs. Custom

3 Results Browser

==
N S S
e

Ressfor: [Comen Soonoro =]
S0 12 Swiched AN =
@ scerarol

Srowresuts: [Found oy sociea s 7;]

Arangemert: [Defaut
) S

i
- Tafic Source
54 Objoct Satits

Hga Coon Cort

123_SwitchedL AN-scenario L Gz
79 0 3 [Sood stmes =]
B _@ Calision Cour pss [ | ke
_ FOR oy jﬂ
N D
™ lgrre iews: E E

3 Results Browser felreles
0ES Gt [0S Pt Sdes | D25 Fun ) T o Ares G
Restsfor [Comet Scznare =] Provew
S scenmol I ;i
%DD
B3 Goba Satsies
S Trafic Sk Frosentston
LVR 123 Swached Allscerarol 0651 | || [Socked Smtes =]
=08 TVae
B0 Gobl Satmics [ =]
S _Tafic Source: -
b —— 3
T igrrs Vs Unselot 4 e Sow
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Viewing Results (cont'd)

@ Presentation — controls the display of graphs when multiple statistics

have been selected

@ Presentation: Stacked Statistics vs. Overlaid Statistics

2 Resuts Browser (=)
DES Grope|DES Paamet Sudes| DES (1) Tais| ow sy G|

Roafor [Carm Pt =]
58] 123_Switched AN W 123_Switched AN-scenario1-DES-1

&) scenarol Ethernet Deley sec)

£ scenant 0
010

5]

Prevew

123 Swhched AN scenario2-0ES-|

Showresuts: [Found 1 any seectedies =l Ethernet eley (2c)

Arangenert: [Dfauk T ez
57 Gebd Satstos
[

Wt s Ml
AN A IR

VA

20 FETE
R 123_Switchedl AN-scenario -DES-1
2R 123 Swiched AN soenar2 DES-1

- Tafic Sri
e Trafic Souce

5 Obct Satstes

I
1 —— D]
™ gnore Views Unscect A1

a4 Show

3 Results Browser

DES Grops |DES Paametc s DES (1) Tais| Fow Ay G|

[=re =

Reusfoc: [Comot oo =] Pravew
123 Swached AN 125 Swicheot Atk scenarot.OES-1
B sce 8423 Switched AN-scenaiod-OES-1
$ sconarc2 et Doty cex)
507 sconorod n
00 st | 01
B i
Srowress: [Foundmoy sootodfios =] o
sragemert: Dok T
=, Gobal Sses |
Tloms AAr AN NN

2 =
2B 123_Swiched AN-scenario1-DES-1
2R 123_Switched AN scenano2-DES-1

- T Srkc
e Tafic Source

- Otject Satsics

K E— D[]
Unscect A1

I lonore Views
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Viewing Results (cont'd)

@ Don't mix different statistics on the same graph! ®
e E.g., delay + load + retransmissions + ...

3 Results Browser =3 Ho =)
DES a0 P Studes | D=5 ) o o A G|
Fonofor Gt Poma =] v
R it (g
- e p——
P
Ot (g
25 S ez 06
et ooy o)
=
B 0t o0t O twork
[Fardnay secdies =] R SN oo 551
Srouress: [Fandnany secaties =] ecewol 0651
Arangemert: [tk e
4‘ W Object: node_0 of Office Network
=) B R S AAN oo S 1
123 Sutched A s 0E51 . St coboin ot
1
o ot % % s % A%
57 ﬁf%’ 53y sg;" f;‘f %'Q:f B B
RS
Prsertaton
Socked Satiis <]
=21 F_ e
28 123_Swtched Alkscenar.C s E
DR 12 St o
K o
I e Ve U 1 s | so

3 Results Browser

0ES Gt 05 Pt Scdes| D25 o ) o] Fov Artyss G|

Restsor [Comet Proeet <] Frovew
B T E— | oyt e
$ scenmol St bl sec)
[ Jomied} 23 Sttt AR cararn OES-1
ackiect
400 sconmiod D
&0 scenarod 123_SwitchedL AN-scenario2-DES-1
b6t node 0o it
e oo ou
| 23 Sttt AR scarar OES-1
2Ctyct nde. 0 Ot etwork
- et Coen Cour
Show et [Found i ny sl fes El 123 Swtchoc AN scanarc2 OES.1

prorgener: [Bond =] e |

_ﬂgﬁ J

eec)
B¢ 123 Swtched AN scznaro] DES1
R 12

1)
& T $he e e e e e e e
g KT K LI AT AT KF K A
)
z Presertaion
Overad Sies =]
D = | [1vae
L]
I~ lnor Views Urasect A e Spow
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Viewing Results (cont'd)

@ This is how it should be done
o E.g., 2 scenarios, Delay (seconds) + Collision Count (node_0)

£3 modeler (E=8 Bl =) L +] (B8 Eol =)
W Object: (global B Ohject: (glakal)
123_Switchedl AN-scenariol -DES-1 Ethernet Delay (362)
0 Ethernet Delay (sec) o
g g 1A
: A Al AU
| NANA AN VL a i WM
o IWV\N' Vol
o
o 2]
 Object; (global)
123_Switchedl AN-scenario2-DES-1 a
0 Eihernet Delay (se5)
0
0
B Object: node_0 of Office Network
Q \A n A n.am.h nj\l‘lA A Ethernet.Calision Court
A NN O WYYV
° 1
W Object: node_0 of Office Metuwork
123_Switchedl AN-scenariol -DES-1
Ethernet.Calision Caunt 150
[ | N A
IV e AN A 7 PTUVR PNV Y

CGES28 Gerl MR HAE Ombs  Om20s Om40s  1m0s  1m20s  imd40s  2mO0s

123_SwitchedL AN-scenario2-DES-1
Ethernet Caliision Court

30

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 7 21 / 84




Viewing Results (cont'd)

e Adding graphs: Delay (seconds) vs. Collision Count (node 0)

2 Resuts Brouser =)
DES Grophe|DES Paamet Sudes| DES R (1) Tais| ow s G|

Resistor [Comt o =]

[ 123 Swtchealan

Proview

B Opject (goba)
Ethemet Dely (sor)

[NANNN AN LV

B Opject node. 0 of Offcs Network

Shon reuts: [Found  any selectea s =

e e e e e e e o
R i
=
[Scked stitios =]
Ell
1|
-y 0|

Roman Dunaytsev (SUT)
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W Ohject: (olobal)
Ethernet Delay (sec)

[E=N el

035
030
o Mg A
5 I P YV W. P IATA
ool VLI VA T
005 /
000
W Object: node_0 of Office Metwaork
200 Ethernet.Collision Caunt
250
200 }
100 1}
a0
o T T T T T T
B B S S e S S B
KK G G G AT A o
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Viewing Results (cont'd)

e Adding graphs: Delay (seconds) vs. Collision Count (node 0)

123 SwitchedLAN-scenariol-DES-1:

W Object: (giobal)

g5 Ethernet Delay (sec)
030 Edit Graph Properties
Edit Panel Properties
025+ - ]
Add 5t N A
0.20+ )

0454 Full Vertical Scale M

—
—_—

0404 Full Horizontal Scale '
Full Scale

0.054

0004 XGrid N
¥ Grid »

307 Draw Thickness »

2504 Draw Style N

o0 Show 3D Depth
Show Trend Line

Use Log Scale Al LS
100+
Export Graph Data to Spreadsheet
509 Make Graph Template
04 Load DataInto Template T T
s R This Graph L ®
& emove This Grap e s 5
o Generate Distribution from Trace  » '\Q“S& 'ps??
&P c &P &

Remove Trace 3

Results Browser

DES Gephs |DES Parametrc s Fow A G|

Resfoc: [Comot Sooraro =]
= 123 Swached AN -
S sconrol

=]
‘Showresuts: [Found nany selected fes =

srgenert [Ofad =] _ Eat
% Giobal Satsics =

5 Objoct Satitcs

Presertaton

[SockedSam =]

D

™ lgnore Vews.

=E=]

[ |
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Viewing Results (cont'd)

e Adding graphs: Delay (seconds) vs. Collision Count (node 0)

3 Resuts Browser =3 Eoh =] =
0ES Graps |DES Paameti Sudes| Fow Anaas G|
Remtsfor Gt P =] revew W Ohject: (olobal)
(=48] 123_SwitchedLAN

%0 scoar

[E=N el

e 035 Ethernsl Delay (sec)
et oo
— 030
| 1 l | M | 025 A
A A
— W\w [ PTYTYLL VAT A IFAVA
045 IAMNAY/L BABLYRA
L e i 040 / ¥
3 Se Se se s e e e s 005
o Ot S & G 55 6B oF & 8 4 a0
— B Ohiect: node_D of ifice Network
[ootetsames =] 0 Ethernet Collsion Count
| 250
L O
™ lrere Vews [ s Sow 200 i
150-‘Wﬁ*¢w&%raﬂvwf
100 |
50
i . T . T T T
° ® ° ® ® © © ©
e g gl e e e e e
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Viewing Results (cont'd)

e Adding graphs: Delay (seconds) vs. Collision Count (node 0)

Edit Graph Properties Results Browser =]
= Edit Panel Properties DES Graphs [0S Paramet Studes| Fow Anaes Grapns|
e .
= 123 Swached AN -
0357 Full Vertical Scale 1 st
0.30 Full Horizontal Scale
0251 Full Scale 5
0209 X Grid s m d'n\ A Sroureads: [Fosdnay soseitos =]
0154  YGrid v N KyJ 'y D~
[F~ GobaSasics ]
0.104 T - Object Sutstcs
Draw Thickness >
0057 Draw Style 3
A
U00=  Show 3D Depth
Show Trend Line Preserstion
3009 Yse Log Scale » [Socked S =] -
o |
50 Export Graph Data to Spreadsheet BT} _qj
2004  Msake Graph Template Eomr—
150 Lead Data Inte Template vnll‘\ Ah.!\” U‘.
| Remove This Graph " l
Generate Distribution from Trace  »
50+
. Remove Trace 3
o o o )
A s S rP" =§‘ B B &
&'9 05'\39 &.p ‘9 Da:P "C’ &-\“ t? 06-@“& &-\“&"P
g g o L
< (‘o‘ 6‘ o C o X
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Viewing Results (cont'd)

e Adding graphs: Delay (seconds) vs. Collision Count (node 0)

2 Resuts Brouser =) o
DES Graphe|DES Paamet Sudes | Fow AnsGrprs |

=T Preven W Ohject: (olobal)

[E=N el

Resuts

035 Ethernet Delay (sec)

030
025

020 A A b
o I PTYTALW. YA WPATA
- LY, L A

005

000

W Object: node_0 of Office Metwaork
Ethernet.Collision Caunt
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Outline

© Predefined filters
@ Asls
@ Probability Density (PDF)
@ Probability Mass (PMF)
@ Cumulative Distribution (CDF)
@ Histogram (Sample Distribution)
@ Histogram (Time Distribution)
@ abscissa_filter
@ adder
@ average
@ constant _ shift
@ delay element
@ differentiator
@ exponentiator
gain
o glitch _notch
@ integrator
@ limiter
@ logarithm
@ moving_average
@ multiplier
@ reciprocal
@ sample _sum
@ time_average
@ time_window
@ time_window _average
o value_ notch

& Simulation Lecture
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Predefined F

ilters

@ Predefined filters — a set of operations that can be used to
transform collected data to generate new statistics
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Predefined Filters (cont'd)

e Probability Density Function (PDF) — corresponds to the
likelihood that the input statistic’s value lies within a specific range

° Pr(angb)

= fab f(x)dx, where X is a continuous(!) RV

L Resus Browser =) i Resuls Browser
0ES Graph |DES Parmetic S| Fow A G| DES Graphs |05 Poramets Sudes | Ao Al Gaps|
Resubtsfor: [Carert Scensio ] Preview. Resultsfor [Curent Scenamo v]
50 125 Smtched AN Ethernet Deley (s2c) =@ 123 Swichedl AN -
=0 ot 0% — ST G
035
o} _|J om. |t e
Stowrests: [Foundnary seeced s j s Showresuts: [Faund nyie{ed T
Arongemert. [fout e T — |
= e\m—J\ St 010 G —4[
Ethemet By
=20 'ED Delay s=c)
Teta Sk 0os 5 T Srk
Tt Sorce % Tofic Souce
B ﬂbgm ‘Statistics - Object Statistcs
om.
s s mes _mis  ames
Presentain
SeedSmmes <]
T — 1] —
[l L J_]
™ fgrore iews Urselect A aa = I kors Vens Unsclct Al

= [@)=]
Prevew
ey (=0
= oy s20)
45
.
2.
£
.
e
15
10
5
o
055 ] ois [ 02
va
Presetatin
Stocked Sasics =] Probabty Densty (PDF) parametes
Frobabity Densty (POF) =] | [Farmeter Ve
inumber o sanple poris
smocihng wicow size o) 30
04 Srow

Roman Dunaytsev (SUT)

Network Modeling & Simulation

Lecture Ne 7 29 / 84



Predefined Filters (cont'd)

max value—min value __ 0.246304161-—0.061510018 ~ 0.00037 seconds

o dx number of sample points — 500

e Unlike a probability, a PDF can take on values greater than 1
o But its integral over the entire space is equal to 1

=] < 123 _SwitchedLAN-OnlyHub-DES-1_xt - Excel 7?7 @ - 0O X BES - 123_SwitchedLAN-OnlyHub-DES-1_0.t¢t - Excel ? B - 0 X
HOME | INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VEW  ACROBAT  {» HOME  INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVEW  VIEW  ACROBAT

< X |calibri <ju - o, & Condiional Formatting - I X Calibri <jn - 9, F& Conditional Formatting ~ EH)
BB~ B I U- AA - 7 Format as Table - Ea- B I U- A A - 7 Format as Table =

paste -laa Nurer 2 Formatas Tab Cells Editing Paste U-]aa Number L2 Formatas Tab Cells Editing

Do E. DA~ = ¥ « [celistyles~ - - LW e b-A- E= P « celstyles~ - -

Clipboard & Font 5 Algment & Styes ~ Clipboard Fant 5 Aignment styles -

AL - Sr | value v B501 - =SUM(B2:8500) v
A 5 c o 3 F G H 1 ) [ A B c o 3 F s H 1 »=

1 [value 123 _switchedLAN-OnlyHub-DES-1: Ethernet.Delay (sec) 487 02076 063194

2 [ 006151 14.35482 485 0.24113 063194

3| 006188 9.684381 489 02015 06319

4| 0.062249 0.243501 490| 0241869 063194

5 | 0.062619 0.343501 491 0242239 063194

6 | 0.062988 0.24350L 492| 0242608 063194

7 | 0.063358 0.24350L 493 0242978 063194

2 | 0.063728 0.24350L 494 0243347 063194

9 | 0.064097 0.343501 495| 0243717 063194

10 0.064467 0.343501 496| 0244087 063194

11| 0.064836 0.343501 497| 0244856 063194

12 0.065206 0.343501 48| 0244826 063194

13| 0.065575 0.343501 499| 0245195 063194

14 0.065945 0.343501 500 0.245565 _0.63194

15| 0.066315 0.34350L - 501| 2701.083] <

123 SwitchedLAN -OnlyHub-D ® < > 123 Switched LAN-OnlyHub-DES ® < >
READY. i M -————+ 100% READY. i)
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Predefined Filters (cont

e Probability Mass Function (PMF) — corresponds to the likelihood
that the input statistic’s value is exactly equal to x

e Pr(X = x), where X is a discrete(!) RV

[ e [Tires =]
DES G |DES P Sucdes | Fow A G| DES G |DES Pt Sudes | Fow Ay G|
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Predefined Filters (cont'd)

e Pr(Collision Count = 155) = e staﬁtistic_#N/A = 0.0625

e Any event in the distribution has a probability between 0 and 1
o The sum of all probabilities is 1

=] < 123_SwitchedLAN-OnlyHub-DES-1_3.txt - Excel 7?7 @ - 0O X BES - 123_SwitchedLAN-OnlyHub-DES-1_3.t¢t - Excel ? B - 0 X
HOME | INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VEW  ACROBAT  {» HOME  INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVEW  VIEW  ACROBAT
“D X |calibri v o EECondtional Formatting + EI ™ X |calibri < - =3 o, FE Conditional Formatting ~ )
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AL - value v B62 - Jx | =sum(ez:se0) v
A 5 c o 3 F G H 1 b [ A B c o 3 F s H 1 J=
1 [value_123_switchedLAN-OnlyHub-DES-1: Office Network.node_0.Ethemet.Col lision Count @ 169 0.010417
2 33 0.010417 ) 172 0.010417
£ 102 0.010417 s0 174 0.010817
4 104 0.010417 st 176 0.010417
5 106 0.010417 52 179 0.020833
6 110 0.010417 52 181 0.010417
7 112 0.010017 54 184 0.010417
B 114 0.010417 55 185 0.010417
9 117 0.010417 6 188 0.010417
10 118 0010417 s7 193 0.010417
1 119 0.010417 ES 202 0.010417
12 121 0.03125 s 203 0.010417
13 122 0.010017 50 215 0.010817
1 125 0.020833 61 227 #N/A
15 128 0.010417 - 62| 1] <
123 SwitchedLAN -OnlyHub-DES-1_ < > 123 Switched LAN-OnlyHub-DES-1_ < >
READY M - ————+ 100% READY [E] B -—————+ 100%
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Predefined Filters (cont'd)

@ Remember: PDF for continuous and PMF for discrete RVs!
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Predefined Filters (cont

e Cumulative Distribution Function (CDF) — corresponds to the
likelihood that the input statistic's value is less than or equal to x

e Pr(X < x), where X is a RV of any(!) kind

Ll Rt Browser (o= L Resus Browser =)
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Predefined Filters (cont'd)

In many cases, system performance requirements are stated as

'the probability of receiving a packet with delay larger than

.ms must be no greater than ...

%' and so on

o CDF allows compliance with such a requirement to be readily
determined by finding the threshold value on the horizontal axis and
the corresponding probability on the vertical axis

Ll Resuts Browaer =)
0ES G |0ES Paantic e o s Gt |
Resusfor [Coret Somnate =] Provew
B0 123 Swiched AN EtvernetDetay (s50)
#{7 OniyHuo 0.30-
J f 020-
e
TS
s
|
m =
L e
T = i

L Resuts Browser
DES G DS Pacmetc Sudes | Fow s G|

[ |
=01 Smched AN =
© @ oyhe

Lt Lf
Show resuts: [Found 1 2y selecieafies =

Arangenert:[odan ] _

5|
Lt Lf
™ lgnore Views Unseect A1

Prob

[E=2E=R )

15

Prsertaton

[Ored Smmtes =]

Cumiaive Dtbution

con

s Sron

Roman Dunaytsev (SUT)

Network Modeling & Simulation

Lecture Ne 7

35 / 84



Predefined Filters (cont'd)

e Histogram (Sample Distribution) — uses the number of entries

falling within each interval as the measure of frequency
If sample interval = 0.0, then there will be 100 intervals

If sample interval = ...,

then it sets the interval size

[E=mEen =

IJIIIJ'M A hlll'llllml

Presetation

[Ssveasmnm =]

[Fistogan (Samoe Ditbuton)
jsamping rtoral 00

a4 Srow

*Hetogram (Samol Dibuton] parametes

] | [ramter v

[rT— Eel T
DES Greohs DES Paranet Studes | Fow s Grests| 0ES G 025 Pt S| v sy G|
| v P |
{7 123_SwachedLAN =17 123_Swiched AN

A OnyHo 240- # Oniykib
P
.
. c|
L f e L1
- %n ==
Sow resuts: [Found n oy seectedies o | Found n s acectad
120 Amangement: | Default Edt.
Arangement: [ Defaut Edt o
= OvﬁmNz\ ok
—M,m = g
=1 Object Statistics & &
o ®
_
o o Cort
i
.
. o s o o e e
: fi—
S s3]
= o o — ® o
[S— e
ST — | s

Roman Dunaytsev (SUT)

Network Modeling & Simulation

Lecture Ne 7

36 / 84



Predefined Filters (cont'd)

e Histogram (Time Distribution) — uses the 'time spent’ by the
statistic within each interval as the measure of frequency

If sample interval = 0.0, then there will be 100 intervals

If sample interval = ...,

then it sets the interval size
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Predefined Filters (cont'd)

@ Bucket mode: Sample Distribution vs. Time Distribution

e For input statistics that have regularly spaced entries in terms of
abscissa values, the shapes of the two histograms are identical
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Predefined Filters (cont'd)

@ All values: Sample Distribution vs. Time Distribution

e For input statistics where abscissa values of entries are not regularly
spaced, results can vary significantly between the two methods

LA Results Browser

= 14 Results Browser =1 [EcR =)
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Predefined Filters (cont'd)

e Histogram (Time Distribution) — most appropriate for statistics
that measure a quantity representing the state information

e E.g., queue size, channel utilization, date rate
o In case of queue size, it represents the amount of time that the queue
size actually holds a particular value
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Predefined Filters (cont'd)

e Histogram (Sample Distribution) — most appropriate for statistics
that measure a quantity representing the occurrence of events

o E.g., packet delay, error rate, transmission attempts

o In case of queue size, it represents how many times the queue size
changed to then arrive at a particular value
e This provides no definite information about how often one might
expect to find the queue at a particular size ®
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Predefined Filters (cont'd)

o abscissa_filter — displays the abscissa values of a selected statistic

e abscissa_filter(i) = X;
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Predefined Filters (cont'd)

o adder — displays a graph that contains the sum of values of one or
more statistics
If the input statistics have exactly the same number of entries and
these entries are aligned with respect to their abscissa values, then the
output statistic can be computed simply by adding ordinate values for
entries of equal abscissa
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Predefined Filters (cont'd)

@ What if the input statistics are not perfectly aligned with respect to

each other?

L Resuits Browser (===~ L Results Browser E==r=n
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Predefined Filters (cont'd)

@ In such a case, an abscissa alignment mechanism is automatically
applied by this filter before adding is performed
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Predefined Filters (cont'd)

@ average — displays the simple moving average of the values for a
selected statistic
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Predefined Filters (cont'd)

T

o average(n) = =0y
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Predefined Filters (cont'd)

o constant _shift — shifts a selected statistic by a fixed amount ('shift’)

along the vertical axis
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Predefined Filters (cont'd)

o delay element - shifts a selected statistic by a fixed amount
('delay’) along the horizontal axis
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Predefined Filters (cont'd)

o differentiator — displays the derivative of a selected statistic with
respect to its abscissa variable
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Predefined Filters (cont'd)

o differentiator(i) = %
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Predefined Filters (cont'd)

@ exponentiator — raises the ordinate values of a selected statistic to a
fixed power ('exponent’)
o If exponent = 1.0, then exponentiator = As Is
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Predefined Filters (cont'd)

e exponentiator(i) = (Y;)F
o Eg,P=05

N . ® dJ - 123 SwitchedLAN-OnyHub-DES-1_16.6¢ - Excel ?@E - 0 x
111123 SwitchedLAN-OnlyHub-DES-1: node_0 of Office N...[ = | = h
HOME | INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVEW  VIEW  ACROBAT
M Ethernet Collision Count S X Calibri - 95 | [ Conditional Formatting ~ e
B exponentistor (in Ethernet Collision Count) P By~ B I U~ A& " | Namber [Z7 Format as Table Cells Editing
2404 4 - O-A- - [ Cell Styles - - -
Clipboard 1 Font 5 Aignment styles ~
2204 v
a1 - Jr | time(seq) v
2004 & ¢ ) 3 ; s H 1 I
3_Switc 123_Switched AN-OnlyHub-DES-1: Office Network.node_0.Ethernet. Collision Cour
1804 aNJA | aN/A
#N/A #N/A
160 A eNA
#N/A - EN/A
140 112 1058301
120 174 13.19091
106 10.29563
1004 137 117047
149 12.20656
a0 1 108 104 10.19804
12 n 131 1144552
o 5] 132 152 12.32883
1 184 155 12.4499
40 15 156 147 12.12436 -
123 Switched LAN-OnlyHub-DES-1_ @ ik >
204 READY E]
o9 T T T T T T
Om Oz Om20s  Om40s 1m0z 1m20s  imd0s 2m 0z

Roman Dunaytsev (SUT Network Modeling & Simulation




Predefined Filters (cont'd)

@ gain — scales the ordinate values of a selected statistic by a fixed scale
factor ('gain’)
e If gain = 1.0, then gain = As Is
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Predefined Filters (cont'd)

e gain(i) =K xY;
o Eg,K=2
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Predefined Filters (cont'd)

o glitch notch - eliminates the occurrence of multiple entries that
share the same abscissa value ('glitch’)

o If no glitches exist, then glitch _notch = As Is
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Predefined Filters (cont'd)

@ Otherwise, it eliminates entries to ensure uniqueness of entries at each
abscissa value
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Predefined Filters (cont'd)

@ integrator — displays the integral of a selected statistic with respect

to its abscissa variable
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Predefined Filters (cont'd)

@ integrator(n) = Z;’:—& Yi x (Xip1 — Xi)
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Predefined Filters (cont'd)

o limiter — constrains the ordinate values of a selected statistic within a
specified range [min_val, max_val]
o If [-00, +0o¢], then limiter = As Is
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Predefined Filters (cont'd)

o limiter(/) = min{max{min_val, Y;}, max_val}
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Predefined Filters (cont'd)

@ logarithm — computes the base 10 logarithm of the ordinate entries of

a selected statistic
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Predefined Filters (cont'd)

e logarithm(i) = logyq Vi
o If Y; =0, then logarithm(i) = —c0
o If Y; <0, then logarithm(i) = N/A
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Predefined Filters (cont'd)

e moving average — displays the continuous moving average of the
ordinate values of a selected statistic over intervals of a specified

width (‘window")

If window =~ dx, then moving average =~

As Is
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Predefined Filters (cont'd)

@ When the 'window' parameter is set to a large value relative to the
typical abscissa spacing between entries of the input statistic, the
'moving __average' filter provides a smooth result

o E.g., window = 10 vs. window = 20

L1]123_SwitchedLAN-OnlyHub-DES-1: node_0 of Office N... |- = || & | 53] 11123 SwitchedLAN-OnlyHub-DES-1: node_0 of Office N... [ = | = |53
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Predefined Filters (cont'd)

o multiplier — displays a graph that contains the product of values of

one or more statistics

If the input statistics have exactly the same number of entries and

these entries are aligned with respect to their abscissa values, then the
output statistic can be computed simply by multiplying ordinate values
for entries of equal abscissa

I ResutsBroweer
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5 Goba Saer 100
200000
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Predefined Filters (cont'd)

@ What if the input statistics are not perfectly aligned with respect to

each other?

L Resuits Browser (===~ L Results Browser E==r=n
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Predefined Filters (cont'd)

@ In such a case, an abscissa alignment mechanism is automatically
applied by this filter before adding is performed

L4 Resuts Bowser =5 [HoR === m J s 123 SwitchedLAN-OnlyHub-DES-1_8.tct - Excel ?@E - 0 x
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Predefined Filters (cont'd)

@ In case of

a single input statistic,

multiplier(/) =
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Predefined Filters (cont'd)

@ reciprocal — displays the inverted ordinate values of a selected statistic
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Predefined Filters (cont'd)

e reciprocal(i) = +-

o If Y; =0, then reciprocal(i) = +oo
o If Y; =N/A, then reciprocal(i) = N/A

. . [ =} - 123_SwitchedLAN-OnlyHub-DES-1_9.xt - Excel ? B - 0 X
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Predefined Filters (cont'd)

e sample sum - displays the running total of the ordinate values of a
selected statistic
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Predefined Filters (cont'd

e sample_sum(n) =>"7 . V;
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Predefined Filters (cont'd)

o If dx # 1, then sample_sum # integrator
o If dx = const, then integrator(n) = sample sum(n) x dx

) ) ® dJ - 123 SwitchedLAN-OnyHub-DES-1_13.6t - Excel ?@E - 0 x
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Predefined Filters (cont'd)

e time average — displays the continuous moving average of the
ordinate values of a selected statistic

e The difference between 'time average’ and 'average’ is that entry
values are not weighted equally, but are instead weighted by the
difference between their own abscissa and that of the subsequent entry
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Predefined Filters (cont'd)

_ X

0

o Yix(Xip1—X;)

e time_average(n)

2 ito(Xip1—Xi)

o In effect, each value is weighted by the amount of time that the input

statistic had that value
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Predefined Filters (cont'd)

o If dx = const, then
. oSt ixdx  dxx XY Sty
time__average(n) = S T aoat) T T — average(n)
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Predefined Filters (cont'd)

o If dx # const, then time average # average
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Predefined Filters (cont'd)

o time window — eliminates all entries whose abscissa values lie

outside a specified range

o If [0.0, +-0c], then time_window = As Is
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Predefined Filters (cont'd)

@ The 'time_window’ filter is equally applicable to any type of statistic,
not only a time series
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Predefined Filters (cont'd)

e time window average - displays the running continuous average
of the ordinate values of a selected statistic within a specified range

If [0.0, +-0c], then time__window _average = time _average
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Predefined Filters (cont'd)

o Otherwise, time_window _average # time average
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Predefined Filters (cont'd)

@ value notch — eliminates all entries that are equal to

the specified value ('value’)

o If value = 0.0, then value notch = As Is
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Predefined Filters (cont'd

e E.g., value = 155
o Entries with this ordinate value are eliminated
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