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< Simulation Case >

trans_time_and_prop_delay.xtpl
trans_time_and_prop_delay _comparison.xtpl
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FIFO Module I
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E E Stage ’ __ |J /2
H - H B w

/miE=s (Node Editor) #1E
kg zs (Module Editor)

s T E Stage -

FHE—

TIR (NOdE) J:L

HEMARERM N - BT RmE=R
%N “Module Editor” RVZH - —_H—_I—Eﬁ
‘HimiEas

Host

Node ID |1 Node Type |Host

Application | Inteface = Flow Classification DNS Routing Firewall ~ Virtual Machine 4| ¥

*

FEIRAIRIE A DO IRIBREH IR
R DISMNINES - BIUNTE PKTGEN
2EH O] P2 PktGenServer 5
PktGencnentT%éH PR ABERIA
BRI 4% (Protocol Stack) 41 °

Module Editor

Enable Start(s) Stop(s) Command Cperation | Add | ‘ - :I
| Modity
| Delete +
| DelsteAl
| EnableAr [ | | e
| Disable Al :
| Adjust Start Time e
| Ad]ust Stop Time |
| App. Usage |
Fue
i
/ a
/ E
Command G |MmmeEmmr\ - S— =
'Esti N [cpron |[ cawa | B R on |[[_oc ] cawa |




PktGenClient
o Y
PktGenClient Module BYIKE | e sars
= Destination Node MAC Address -~
A o L / W Payload Length 974 | (bytes)
o HIAEUR Host 2 B9 MAC i IE - Canc
N " »Header Length 14 (bytes)
o HWAZIEKE 974 bytes ° / 4. Limited Number of Output Packet
AN R =F o Total Number of Output Packet 1
¢ ‘E'HUA%%-&E 14 bytes Packet Generation Mode
* gﬁlﬂ%-&}—g + %%-&}—g = 988 bytes ° e Fixed Interval
o TE MAC8023 Module PN L 7 s e e (9
bytes E/\] Preamble A 1 byte E/\J Start Maximum Random Generation Interval |[10000 (us)
Frame Delimiter 5 4 bytes B9 CRC Exponental Inerval
Checksum , JJ:b , %é/l\ Frame S|Ze ;I:-Et Mean Payload Sending Rate [1.0 (bytes/us)
Ping Pong
IEE 1000 bytes ° Fixed Interval and Ping Pong
. E@AETEEH*EEP , BE%U/:I\%II:H_/l\ Fixed Generation Interval [10000 {us)
Random Interval and Fing Pong
Fra me Maximum Random Generation Interval (10000 {us)
* E@A % TEEJ:FQZE"E ’ z%ﬂ 10'000’000 Expeonentail Interval and Ping Fong
X ean Payload Sending Rate (1.0 (bytes/us)
usj_;itlj%_/l\ Frame° il Payload Sending Rat (byt
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PktGenServer Module B

ML=

X AE

PktGenServer

o HIAYEULIN Host 2 UXZE! Frame f§ -

B BT Frame X132 - \

Farameters Setting

Action on the reception of a packet

™. & Sink the received packet

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |
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EEMImAY Link _ERYIRIE

LINK x

From Model to Mode2 From Node2 to Nodel

Data Rate: | 10_Mbps ~||CT.0D |CTAL| DataRate |10_Mbps ~||cT.0D/|CTAL|

Bit Error Rate: 0.0 C.T.0.D| | C.T.AL|  Bit Eror Rate: 0.0 CT.0D |CT.AL|

Propagation Delay: 4000 (us) C.T.0.D| | CT.AL| Propagation Delay: 4000 (us) |CT.0.D | CT.AL|

+ Data Rate = 10 Mbps

Transmission time of a 1000-byte frame = (8*1000)/(10 * 1076) = 0.0008 sec
¢ Propagation Delay = 4000 us = 0.004 sec

Distance = 0.004 * (2 * 1078) = 800000 meters = 800 kilometers
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tJ# %] G Stage ~FEHERKENS - 2KEMITHE

Activities [ estinetgui.bin = Sun 17:15

EstiNet froot/course_case_estinetx/trans_time_and_prop_delay.xtpl BRBIEE (2018/06/06 ~ 2018/10/31)

File DTools E-Tools

X X A

Network Mode Portfolio

P-Tools Misc

[LAN & WAN] Ethemet & Stop (Keep Results)
Abort (Discard Results)
Run as a Background Job

,_1 Host I z

A L S

Data Rate: 10 Mbps ( it takes 800 us to transmit a 1000-byte frame )

? Switch

Propagation Delay: 4000 us ( distance is 800 kilometers )
Li Router

=z Hub

-
j Open vSwitch

ANCCNnnn. Ornrrrnnnnnnn 9
(NSRRI Ny NN NN N[N ][N RN} s -
sec  00000000.000000000000 00000030,000000000000 < o 14 4 II C

s

[100%] (26.94, 2.59)

Playback Speed

8 (10 us)
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5 - 7 P Stage MWEHE %

Activities [ estinetgui.bin =

EstiNet froot/course_case_estinet/trans_time_and_prop_delay.xtpl BRBIEE (2018/06/06 ~ 2018/10/31) £3

File D-Tools E-Tools Run-Panel P-Tools Misc

XXARNS TEH OB 9 aaaqa g DEGEP

1008

Network Node Portfolio B

[LAN & WAN] Ethernet & IP -

-

,_1 Host i z

A L S
FRAME )
Data Rate: 10 Mbps ( it takes 800 us to transmit a 1000-byte frame )

? Switch

Propagation Delay: 4000 us ( distance is 800 kilometers )
Li Router

=z Hub

-
j Open vSwitch

Playback Speed
000 18 08 {I60R0000 ‘ 2NN U T | B I

sec  00000000.000000000000 00000030.000000000000 8 (10 us) bl lun o

[100%] (30.77, 270)
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£ P Stage - 73

Frame Trace File X Z& Frame
R AVIC =

EstiNet

File DTools E-Tools Run-Panel

x X A 0O%

Netwerk Nede Portfolio (]

[LAN & WAN] Ethemet & [P -

= ot

! Switch

Router

Hub

Open

Misc

Manage General Performance Plot Utilities L _

Iroot/course_case_estinetx/physical_layer/trans_time_and_prop_delay.xtpl B®RBEE (2018/06/06 ~ 2018/10/31) X

View the Frame Tran ion and Reception Log Open the Latest Frame Trace File

Review the Run-time Messages Showed up during Simulation Import the Latest Frame Trace File for Frame Animation y
Show MNetwork Nodes' ID 4 Open the Previous Frame Trace File

Show Mobile Nodes' Moving Path 4 Import the Previous Frame Trace File for Frame Animation

Show Cars' Moving Path 4 Save the Currently-imported Frame Trace File

Import a Background Graph

-

Show Wireless-linked Subnets' Color

Show All Network Application Settings

Show All Nodes' Interface Information

Open a Frame Trace File

Import a Frame Trace File for Frame Animation

Show the Frame Trace Fils's Format

istance is 800 kilometers )

Show All Settings of Network Interface Down Time

sec  00000000.000000000000

’:l‘ L ‘ } I I . Playback Speed

00000030.000000000000 8 (10 us) - | (o] =i

[100%] (26.49, 2.81)
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£ Frame Trace File P W22 & Hai A (B SEEREE - AZE AR
ThelE =& ]

2

EHERANE ,
- A {B] 8 {11 N Picosecond -
SFRIBHE L2 107(-12) Second °
1 less

: Y
H802,3 T 10000000000000 00000000 DATA - <0 0x <1 2x 18 1000 0 HONE 0

2.3 RE O 10004000000000 800000000 DATA <0 0> <1 2> 18 1000 0 MONE 0
tmp/ frame_trace_file,laog (END)

T1=10,000,000,000,000 * 107(-12) = 10 sec

EstiNet Network Simulator

1 1 1
0

Host1 Ml @

Network Interface
Card (NIC)

Ether
Header

Data Payload

.L‘_:} Host 2

Network Interface
Card (NIC)

T2-T1 = 800,000,000 * 107(-12) = 0.0008 sec

Transmission Time = 0.0008 sec .

T3 =10,004,000,000,000 * 107(-12) Tx Start
=10.004 sec

T3-T1 =0.004 sec
Propagation Delay = 0.004 sec
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T
o ERIEHIATIE] (Transmission Time) SE R (Propagation Delay) BFIRK/N\RZ -
MAMEzaXNZRRNESEENER BN HESERRKFITIEE -
o Transmission Time > Propagation Delay
o Transmission Time < Propagation Delay

Activities [ estinetgui.bin ~ Thu 15:24

EstiNet /root/course_case_estinet/trans_time_and _prop_delay_comparison.xtpl BRBIE (2018/06/06 ~ 2018/10/31) x

File DTools E-Tools RunPanel P-Tools Misc

X X ARNANIED —oa® aaaqaq aa DEGEP
Network Node Portfolio @ "
[LAN & WAN] Ethemet & IP =
;_‘: Host 1 z
L L
f ) Data Rate: 10 Mbps (it takes 800 us to transmit a 1000-byte frame)
‘a S Propagation Delay: 1600 us (distance is 320 kilometers)
g Rout
3 4
- ——aa
) Ho Data Rate: 10 Mbps (it takes 800 us to transmit a 1000-byte frame)

Propagation Delay: 400 us (distance is 80 meters)

Playback Speed
nnnnnnnnnnnnnnnnnnnn 0 Q q I‘ ’ I I . ’I
uuuuuuuu RS

sec  00000000.000000000000 00000030.000000000000 8 (10 us) > | [+ =

[100%]  (31.84, 1.41)
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< Simulation Case >
end _to_end_delay.xtpl

end _to_end_delay trans_time_dominates.xtpl
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£ D Stage ZII— MM

Propagation Delay ° £ G Stage #17

° 1£ E Stage 1
THhER -
Iy 2 I HY LE 3R

I—Eﬂ K& Link 89
B NIT ping 18

RN

EstiNet /root/course_case_estinetx/end -to_end_delay.xtpl

Bg®lEE (2017/12/26 ~ 2018/12/31)

File DTeols E-Tocols Run-Panel P-Tools Mise

ez A @

X X AR N A&7

Q a a q 2 g

DEGP

sms W@ 1.0.7.3

25

13
1.0.1.2 & 5 ms
.\l5
=}
14 ./- 8 ms
1.0.1.3 & 3ms
1 40 ms
13 - —l
1.0.2.2 & 4 ms
.\.a
= 7ms
" ./E 20 ms
1.0.2.3 2m
17 g
- -
1.0.8.2 & 3m 30 ms

26

ﬂa'\. ams @ 1.0.11.2
e
.\I

4 ms ‘10113

HHHHHHHHHHHH
UUUUUUUUUUUUU sec 000000.000000

001200.000000

o @ aQ M » ||\E\>|

-

[»

Playback Speed

8 =

[100%] (4202, 0.68)
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£ E Stage - &€ Progressing Mode 4 “Try to
Synchronize with the Real-world Clock”

ul.oin =

EstiNet froot/course _case_estinetx/end —to_end _delay.xtpl BiREiE (2017/12/26 ~ 2018/12/31) x

Misc

o XPRE  |w
=

hfE - =2 . K

Job Digpateher - = o~ F

Set the Duration of Simulation

Show All Network Application Seitings Simulation Engine

N NV Impon Metwork Application Sestings from a User-edited File Log the Frame4ransmission Events (Data Link Layer) E
-LJ: %ﬁ ): TH 1 Export the Current Metwork Application Seitings to a File 21 Sel the Random Number Seed
1012 | Snow ANl Modes® IMeface Infarmation 3ms - ]
L;:F 'fj- Hj- ’ Show All Settings of Network Interface Down Time & / | Enable the Simultanecus Display of Events during Simulation

=
1| Sat Specific-network Paramatars y M . 4

EE'.IL }l’/L HT_I- |E—|,I O3] st oo intatace Paramates Set the Progressing Mode x

1 Heassign Subnets’ |P Addresses

E/] EU L;E 1.0.2.2 | Fix All Exisling IPv4 Interfaces’ Cumsnt IP Address Run as Fast as Possible

Let All Exigting IPv4 Interfaces' |IP Address Be Re-assignal

Jt}_ Bﬂ: 1EE ’ 1| Fle All Existing IPVE Interfaces’ Cument |P Address The simulation engine process will try to use up all available CPU power and run as fast as possible.

=2 - 1.0.2.3 | Lot All Existing IPVS Interfacas' P Address Ba Re-assignal The progress of simulation time could be faster than the real-world clock in lightweight simulation
SEe5 Slowe e real-y (=} =] 525

gl:l JJ:I__)JEH )tl | 5 the Frsquency of uring Enry Upacefor et e cases or slower than the real-world clock in heavyweight simulation cases.

1.0.8.2 1 Impof a Backgreund Gragh

Z_ H \;:l: T & Try to Synchronize with the Real-world Clock
1% l o Show Wireless-linked Subnets’ Color . i . .

The simulation engine process will try to use up all available CPU power and run as fast as possible.

— % TEE 1,0,5,31; l"—:.-.., In the case of lightweight simulation, the original progress of simulation time should be faster than

- = the real-world clock. However, the simulation engine process slows down its progress to synchronize

%‘% E/\J Eiﬁ with the real-world clock. In the case of heavyweight simulation, there is no slowdown because the
! original progress of simulation time is slower than the real-world clock.

j: T/E OOCOOD ODODOD
HHULEL e 000000.000000 OK Cancel

[100%] [ 23.1Z 0.45)
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tJ# %] G Stage ~FEHERKENS - 2KEMITHE

[HBiNef

Activities [ estinetgui.bin =

File D-Tools E-Teols P-Tools Misc

13 Stop (Keep Results)
Abort (Discard Results)

Run as a Background Job

EstiNet Iroot/course_case_estinetx/end_to_end_delay.xtpl

% x A ML V==

Sun 17:54

BREIE (2018/06/06 ~ 2018/10/31)

D EGP

14 8 ms 9ms 22
1.0.1.3 @& 2 ms 4 ms & 1.0.6.3
1 40 ms z
1 T “

1.0.8.2 & .Q. 30 ms
7
& Bms

AAAMnn AnAnnn
[ IR | R[N
sec  000000.000000

4
25
e
= 4 ms A 1.0.11.2
1 ./.
7ms &
.\.25

4ms = 1.0.11.3

OO LI 2 [ B 2

[100%] (27.23, 0.96)

001200.000000

Playback Speed

9 (100 us)
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Activities [ estinetgui.bin =

File D-Tools E-Tools Run-Panel P-Tools Misc

XX ARV FTOH —oa

1.0.1.2 .‘-L 5 ms

Open Module Editor

THERE] - = Host LA BRG]

EstiNet Iroot/course_case_estinetx/end_to_end_delay.xtpl

30 ms
7
./. - o

sec  000000.000000

Console

Thu 16:59

BREIE (2017/12/26 ~ 2018/12/31)

@ aaq@@ DE|GP

.B‘m/.1r1062
_ﬁl\.zz
A 1.0.6.3
23
'\. /}1072
<
.\-24
5ms W@ 1.0.7.3
25
& 1.011.2
11/
.\IZE
ams WE 1.0.11.3
O Q@ a4 Mo

001200.000000

[100%] (557, 2.98)

i1 | )

-E Command

Playback Spesd
8
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T Command Console AL B

M= Host Z1BJ8Y

Thu 16:25

El;lz/\\/

A ping
Round Trip Time

EstiNet Iroot/course_case_estinetd/end_to_end_delay.xtpl

File D-Tools E-Tools Run-Panel P-Tools Misc

XX ADRNNIEGD —

0B1

1.0.8.2 & 20 ms
.\-7
6ms

sec  000000.000000 001200.000000

P @ @ a Q @ Q

BREIE (2018/06/06 ~ 2018/10/31) x

1000-byte frame over a 10-Mbps link
Transmission Time = 0.8 ms

(5+8+20+6+4)*2 + (0.8*5)*2 =94 -
NODE 13

[root@localhost nodel3]# ping -5 946 1.0.8.3
PING 1.0.8.3 (1.0.8.3) 946(974) bytes of data.
954 bytes from 1.0.8.3: icmp_segq=l ttl=62 time=181 ms
954 bytes from 1.0.8.3: icmp seq=2 ttl=62 timeJ0a,
954 bytes from 1.0.8.3: icmp_seq=3 ttl=62 time<94.0 ms|
1.0.8.3
1.0.8.3

21
& 1.0.6.2

954 bytes from .30 icmp_seq=4 ttl=62 time=94.0 ms|
954 bytes from : lcmp_seq=5 ttl=62 time=94.8 mg
~C
1.0.7.2 --- 1.0.8.3 ping statistics ---
5 packets transmitted, 5 received, 0% packet loss, time 4006ms
rtt min/avg/max/mdev = 94.000/111.515/181.576/35.031 ms
|[root@localhost nodel3l# ping -s 946 1.0.7.3
24 PING 1.0.7.3 (1.0.7.3) 946(974) bytes of data.
@ 1.0.7.3 |954 bytes from 1.0.7.3: icmp_seq=1 til=62 time=238 ms
954 bytes from 1. : icmp_seq=2 ttl=62 time=136
954 bytes from 1. : icmp seq=3 ttl=62 time<136
1
1

2z

& 1.0.6.3
23

r =

25 954 bytes from : icmp seq=4 ttl=62 time<136

6.7
e.7.
e.7
8.7
& 1.0.11.2 224 bytes from 1.0.7.3: icmp_seq=5 ttl=62 time<136

3
.3
.3

3

--- 1.08.7.3 ping statistics ---
5 packets transmitted, 5 received, 0% packet loss, time 4005ms
rtt min/avg/max/mdev = 136.000/156.469/238.345/40.938 ms

28 [root@localhost nodel3l# ||
= 1.0.11.3
(5+8+40+6+5)*2 + (0.8*5)*2 = 136
G : 14 > II H Playback Speed

10 (1 ms) H =

[100%] (57.09, 0.45)
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P il
o RTIHZFIRITIE (End-to-end Delay) - ERIBEMWZIRE RIS IE - NI

o IR EHATIE] (Transmission Time) LK T{E &Y IE (Propagation Delay) B1B /5
o IR EHATIE] (Transmission Time) /N T{E &Y EE (Propagation Delay) B1B /5

Activiti = Thu 16:09

EstiNet /froot/course_case_estinetx/end _to_end_delay_trans_time_dominates.xtpl BRBIE (2018/06/06 ~ 2018/10/31) x

1000-byte frame over a 10-Mbps link
oA @ aa @ QA Q| Transmission Time = 0.8 ms

21 NODE 13
1.0.1.2 & 1 us 1us . 1.0.6.2 |
5 g [root@localhost nodel3]# ping -5 946 1.0.1.3
PING 1.0.1.3 (1.0.1.3) 946(974) bytes of data.
= = 954 bytes from 1.0.1.3: icmp seq=l ttl=64 time=3.20 ms
14 ./. 1us 1us .\.22 954 bytes from 1.8.1.3: icmp_seq=2 ttl=64 time=3.20 ms
1.0.1.3 & 1us tus W@ 1063 C 0.8*%4 +0.004 =3.204
1

File D-Tools E-Tools RBun-Panel P-Tools Misc

X X AOR SN &

--- 1.0.1.3 ping statistics ---
2 packets transmitted, 2 received, 0% packet loss, time 1008ms

(=) Y = e rtt min/avg/max/mdev = 3.204/3.204/3.204/0.000 ms
1.0.2.2 & 1us 1us M 1.0.7.2 |[root@localhost nodel3]# ping -5 946 1.0.2.3
8 10 PING 1.08.2.3 (1.0.2.3) 946(974) bytes of data.
y 1us 954 bytes from 1.0.2.3: icmp seq=l ttl=63 time=6.40 ms
us 20 1954 bytes from 1.8.2.3: icmp seq=2 ttl=63 time=6.40 ms
us ~“C * -
.\. --- 1.0.2.3 ping statistics --- 0.8*8 + 0.008 = 6.408

2 packets transmitted, 2 received, 0% packet loss, time 1008ms
4 rtt min/avg/max/mdev = 6.408/6.408/6.408/0.008 ms

25 [root@localhost nodel3]# ping -s 946 1.0.8.3
- PING 1.0.8.3 (1.0.8.3) 946(974) bytes of data.

1.0.8.2 1us 20 us - 1.0.11.2 954 bytes from 1.8.8.3: icmp seq=l ttl=62 time=8.04 ms
.\.7 11 ./ 954 bytes from 1.0.8.3: icmp seq=2 ttl=62 time=8.84 ms
= i Tus _ 2 ¢ "0.8%10 +0.048 = 8.048

--- 1.0.8.3 ping statistics -
26 2 packets transmitted, 2 received, 0% packet loss, time 1008ms
rtt min/avg/max/mdev = 8.048/8.048/8.048/0.008 ms
[root@localhost nodel3l# I

00 15 4BB000 ¢ aai ImEp

sec  000000.000000 001200.000000

Playback Speed

9 (100 us) anllmm

[100%] (50.18, 1.74)
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< Simulation Case >
bit_error_rate.xtpl
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£ D Stage @ &% —=H G tHLLI

[100%] (35.04, 0.79)

— -
EstiNet [root/course_case_estinetx/bit_error_rate.xtpl BB (2017/12/26 ~ 2018/12/31) x
File D-Tools E-Tools Run-Fanel P-Tools Misc
7 &,
XX ARNMNKIED —oa @ a a aqaq Q3 DEGEP
Network Node Portfolio (=]ES] .
[LAN & WAN] Ethemet & IP - ! c
A i L =
= Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
|.:,- Host
= Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)
a Switch 3 4
A i L =
Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
% Router Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)
5 &
am Sy &
Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)
ﬁ Open vSwitch
[ » [
_& Playback Speed
ANannnnmn  annnnnnnnnnn
HHHHLHLLE BHEULULLLERS | 00000000.000000000000 00000030.000000000000 O & 1 Il mo 8 =
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£ E Stage - 8 PktGen Module ZEHEHHE]ZE L Frame

. E E%'ﬁ%;fﬂﬁdﬁ Host 1/3/5 [ EstiNet Network Simulator
/| N
_F{F FH PktGenClient — LY —
Module K& %% Frame + £ = o8 v

Network Interface

&= IR Host 2/4/6 e ok e
& FH PktGenServer Module
K iz ° i enServer
*h‘g e L (e @ AN = | ol
* R & PktGenCllent l '[‘ :
FIFO Module FIFO Module
PktGenServer ™1™ Module : e Frame :
MAC Modu le Ether | 1 taPayload CRC Ether | | taPayload CRC MAC Module
T75EBENN £ FIFO i [ ] Loci [ o]

PHY Mod ule l T PHY Module
1 1 1
Module © o [ e e Y >
ser _| \
Space _ 4
~~
(‘{
—
Kernel _|
Space
. S~
¢
AJ
—
Hardware —
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*

TET mZriE=s (Node Editor) iR{EM&E - H B
15 iﬁf)n?ai:' s (Module Editor)

£ E Stage * THE—"T = (Node) Li& o TEIBAMRIERANOLIRIBEA DK
HERAZERE T TFFEw,NZJH*ﬁ““ BRI TILISMINARVIEA - BIUINEE PKTGEN

12T “Module Editor” RUIZH - ol H E& BHHP O] L3 PktGenServer 5
YR g PktGenClient = - MR REAERR
Host : BTN A% (Protocol Stack) &7 °
Node ID |1 | Node Type |Host JJ Moate Edor
Application | Inteface | Flow Classification =~ DNS | Routing  Firewall  Virtual Machine 4| b
Enable Starl(s) Siop(s) Command Operation \ Add | ‘ a3
| Modity
| Delete
| DelsteAl
L EmableAl || R
| Disable Al :
| Adjust Start Time o
| Ad]ust Stop Time |
| App. Usage |
, :
/ S
Command Console | Module Emmr\-“ | ’
|m‘ |m| ‘ Snapshot ||L| ‘L| Undo ‘ Redraw ‘ CTAM CT.ON ‘ﬂ‘ 24
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PktGenClient

PktGenClient Module BUIZIE | remeses

2 Destination Node MAC Address [0:1:0:0:0: 4]

a1 AFEUT I Host 2/4/6 AU MAC it L s i e
A BB 974 bytes - % [ e

i AZFRLKE 14 bytes ©

;KQ}E‘&E + %%J&E — 988 bytes o Packet Generation Mode

® Fixed Interval

E MAC MOdUIe I:FI%\EUDJ: 7 bytes E/\] / Fixed Generation Interval 1000 {us)
Preamble * 1 byte A9 Start Frame

Dellmlter I—i 4 byteS E/\J CRC CheCkSUm , Maximum Random Generation Interval 10000 (us)

Total Number of Output Packet |10

® 6 o o o

Random Interval

JJ:I: ’ %é/l\ Frame Slze E—EjtZEE 1000 Exponential Intewal.
Mean Payload Sending Rate |1.0 (bytes/us)
bytes Ping Pong

'S E@A % Tﬁg\ﬁﬁé}ﬁ ’ B% 1000 us :']l":jf, Fixed Interval and Ping Pong
;ij —/l\ Frame ’ ?@/@iﬁiﬂ ’ *ﬂ\/ﬁ\ Fixed Generation Interval |10000 {us)

yie= AN Random Interval and Ping Pong
#X L 1000 1 Frame °©
Maximum Random Generation Interval 10000 (us)

Expeonentail Interval and Ping Fong

Mean Payload Sending Rate (1.0 (bytes/us)
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PktGenServer Module 91X E

o HAZEEU Host 2/4/6 U E e :
Frame J5 - EHAFIL Frame Fi% R
\

Action on the reception of a packet
™A & Sink the received packt

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |

. . ) . 26
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£ E Stage + 9 A =% Link 18 EA[EAY Bit Error Rate

o TEJE¥E Host 1 5 Host 2 B9 Link I - L »

\)—L — . ~ From Model to Node2 From Mode2 to Nodel
X XE Bit Error Rate ¥ 0.0000125 °
Data Rate: | 10_Mbps « ([C.T.O.D||CT.OL Data Rate: | 10_Mbps » ([C.T.OD||CT.OL

L 4 Ej\%?ﬁ HOSt 3 I% HOSt 4 E/\] L|nk J: ’ Bit Error Rate: |0.0000125
iQZHE Blt Error Rate 79 0,000025 ° Propagation Delay: 4000 ws) |cT.0D||cT.OL  Propagation Delay: 4000 ws) |cT.0D |cT.OL

* EET& Host 5 I_i Host 6 E/\J L|nk J: ’ Interface ID: |1 | Name: |etho | Type: |8023 Interface ID: |1 | Name: |etho

CT.OD CT.O.L| BitError Rater 0.0000125 CT.0D |CT.OL

Type: |8023

Ay o I . N Interface Down Time Interface Down Time

-LRIE B't ErrOI‘ Rate jg 0.0000625 ° Start (s) ~ End (s) Add Start (s) ~ End (s) Add
Delete Delete
C.T.O.l C.T.O.l

2 — R

&N 4000 us °

Gance!
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fR3E Bit Error Rate K ¥n5c{5 & Frame Error Rate

o #&—"1 Frame N 1000 bytes (8000 bits) - 1M Bit Error Rate N 1/80000
(0.0000125) + tELZEW - & 80000 I bit =B —1 bit KEHEIR - BIIEY -
10 I Frame Fi=B—"1 Frame IAB = A4 —1 bit BiERIIEN - FIE -
Frame Error Rate #i =& 1/10 (0.1) °
o Bit Error Rate = 0.0000125 (1/80000) = Frame Error Rate = 0.1 (10%)
o Bit Error Rate = 0.000025 (1/40000) = Frame Error Rate = 0.2 (20%)
o Bit Error Rate = 0.0000625 (1/16000) = Frame Error Rate = 0.5 (50%)
o LIEREZEIHEMIEL 1000 Frame BREXRE:
o Frame Error Rate = 10% > TE# WK - 2J758 100 Frame S5 © 8 900 Frame BTN
o Frame Error Rate = 20% > TE# UK - 2J7 200 Frame S5 © B 800 Frame BTN
o Frame Error Rate = 50% > TE# UK - 2J7 500 Frame S5 © 8 500 Frame B I
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tJ)# %l G Stage = EH(HEIRES

Activities [ estinetgui.bin =

File D-Tools E-Tools JSURESEUEN F-Tools  Misc

X X A

Network Mode Portfolio

MmAa f A Q& Q Qg

Stop (Keep Results) z

Abort (Discard Results) n

[LAN & WAN] Ethemet &

Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)

i Switch 3 4
& m

L =

Li Router Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)
5 &
=z Hub - a4

Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)

-
j Open vSwitch

ANANONAnG 0nAnnnnnnnnn ) (
[N AR R RN IR TN R R R RN} “~ “~

sec  00000000.000000000000 00000030.000000000000

EstiNet froot/course_case_estinetx/bit_error_rate.xtpl BREE (2018/06/06 ~ 2018/10/31)

Run as a Background Job oing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
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hEZ

fa - 1 P Stage - RIBFIHELEREKNIZZ Frame Error Rate

1
- i

2

3
S i

ol DatE

Outgoing Frame: 1000 frames per second, each frame

om0 ot
£

ma =
Dalh DAt Dare |

o 5 101520 25 bytes (8000 bits)

Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)

4

]
A =

A
DEI.'-P. D."—".r"-".- \\D.ﬁ.rﬂ.-CHC_EHHD.ﬂ.l.ﬂ. _Ig.ﬂ.T.ﬂ.

Outgoing Frame: 1000 frames per second, each frams

|====2E

£ P Stage ' 1E Host
FHErGEEH

E Performance Plot

o s wisx2s®  bytes (8000 bits)

Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)

a

Dm \DP.FCHC EHHDPF' \D.ﬂ.rCHC

Outgoing Frame: 1000 frames per second, each fram:

1000 E

ol -

00
4l:l:l

I:I

0 5 101520 25 30 | bytes (8000 bits)

Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)
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BRESE

< Simulation Case >

—

dll

antenna_gain_pattern_adjustment.xtpl
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RELLIS ST

~" b=

2530 I

HY

A&

Eixlm 'ﬁk”ﬁlﬂﬂﬁﬂ’]?ifﬂifm“ﬁﬂ. ( Antenna Gain Pattern )

o BRREEESHERNEGES

( Tx Power )

+ EBIRIESBURGE Rsensitiy)
- XS - FIHES)

. SMRSMIRSE (WA -

EEE%%%WH g0 U THPHRW 1S5TIR

s5EWE UTAEN2S 35545
ﬂ,\\\%ﬁ/—e SEZEE - BB RzE - BE=
M RINESEEEEHABAX - RULEITE
M ESRINEHE L 15T R -

SAL A= R i

RIE LR IR 2RV R E S %L CEIER -
BN NNHESE - Rk 1 ,\\\TLXBZI)J
RUCRBEET R AERE
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SE&ESeE"ILE

EstiNet

Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl

BRBIE (2018/06/06 ~ 2018/10/31)

File D-Tools E-Tools Run-Panel P-Tools Misc

Network Node Portfolio )

|[LAN & WAN] Ethemet & IP |

@_;, Host

Switch
Router
@Hzzzz] Hub

Cpen vSwitch

X X ARNANBEO m@»aﬁgg
(=)

D

— 1. 7E D Stage * FAEEARA

o  BREHRTE “Show the
- Effective Transmission
Range of Wireless Signal” °
‘].
a —
T2 EIRXE . HEM
NI T B
£ Node 1 I -
40
2

Playback Speed

AOMAnn Annnen =
sec  000000.000000

O @ a M » ||\E\n

[68%)]

000030000000 |8 (10 us) - |+

(47.08, 17.61)
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TR 1 HIREMEC

1

/\\\%X)ﬂ %

EFELUE SR EZ RN
S

dl]

Specify Physical-layer and Channel Model Parameters

o BRELUESEZEZENR

« EFFMRESHTEILESEEE
°

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

> @ Use the Transmitting Mode's Perspective Use the Receiving Node's Perspective

For Transmitting Node's Perspective
Propagation Channel Model
@ Theoretical Channel Model el
FPath Loss Model: | 1: Two_Ray_Ground -
Fading Maodel: | 0: None -

Empirical Channel Model

11: Suburban_1_9GHz_TB

PHY Module's Parameters ChannelModel Module's Parameters

Frequency (MHz): 5180 C.7.0.l.| Fading¥ar [10.0

TransPower (dbm): -19 c.T.0..| Riceank: [10.0

AntennaHeight (m): (1.5
SystemlLoss: 1.0
AverageBuildingHeight (m): 10.0

StreetWidth (m): 30.0 |

Set Antenna Gain Pattern and Directivity Apply All Parameters to the ChannelModel and PHY

Modules & Display the Transmission Range

. ) . Do Mot Apply Any Parameter to the ChannelModel
Set Wireless Signal Drawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[T =] & Node 1 Fii%

dl|

1 \s¢:\|_
g /

T RIS

[80%] (47.98, 21.60)

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BiRBHE (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
X X ANRNYED —ma® a aaqa2a|DEGHP
Network Node Portfolio (=]ES) o - - 3
.3 ;@
|[LAN & WAN] Ethemet & P~ | am s
:_;, Host
5 Switch
Node 2, 3, 4 BRI/ NG HE -
Node 1 U155 FTREN]Z Node 1 5589
Router
S EEES0HE - A BrElE  REHARE
ELUAmEHEY NI T Node 1 E’J S5
) o = Node ° BEZ (REEB ) m
.0 WA -
-l. -
ﬁ Open vSwitch
[ '>.v < [» :
MAACAN [Annnn 0 = | 7R S
HHHHHE L HEEEEE | ee 000000.000000 000030.000000 ¢ XK 4 4 II ‘L‘ M |8 (10 us) | HE=
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N

(TR BXRE

"N B RIS SEESEE

dl|

"WI1E

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BiRBHE (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
7 &, =
X X ARNAKED —oale|laaaaaa DEGEP
Metwork Mode Portfolio B8 o “ y
A3 2 —
|[LAN & WAN] Ethemet & P~ | [!l 36. . E D Stage ’ JEHEF_EH:/TE
- ;l N7
== #KEFH T E “Show the
= Host . . .
- Effective Transmission
} Range of Wireless Signal” °
5 Switch 1‘
N7 E —
2. ¥ Mk - HEM
7 = t/c
% Router Z‘Eﬁ%qqﬁtIQ%BW
£ Node 1 L -
ml zz2z] Hub
o
4Ll.
ﬁ Open vSwitch T
[ [» - < I [»
MAACAN [Annnn 0 ) 7R S
HHHEOL HHEEHE e 000000.000000 000030.000000 o KK I‘ 4 II ‘ . ‘ H |8 (10 us) vI-I- E
[80%]  (47.98, 21.60)
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(S BA] EIREME P

WRSIE 5 S 150

EFELESEEEMS -

- EEFELESEEER

dl]

Specify Physical-layer and Channel Model Parameters

ERAFTREZHFELESIEETE
o

HREUERNESEBESEERIIRE -
T O IR UG TR © —

@ Use the Receiving Node's Perspective

For Receiving Node's Perspective

PHY Module's Parameters ChannelModel Module's Parameters

Receiving Sensitivity (dbm): -82 AntennaHeight (m): 1.5

C.T.O.l C.T.O.l

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Set Antenna Gain Pattern and Directivity

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

Do Mot Apply Any Parameter to the ChannelModel

Gt Wireless Signal Drawing Color and PHY Modules & Exit

ﬂ Cancel the Display of the Transmission Range
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[ 8<] W& Node 1 BB 1S SHIE BT

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BiRBHE (2018/06/06 ~ 2018/10/31) X

File D-Tools E-Tools Run-Panel P-Tools Misc

x X ANXRVANES —oa 9 aalaaaalbEacer

Network Mode Portfolio (=]ES) o -

|[LAN & WAN] Ethemet & P~ |

-

I

[.

Host

5 Switch

Node 2, 3, 4 F4
EEEREE :
o S "\ Node 1 Eni =M ITHE
%l Node 1 ° =D Node 2, 3, 4 Fi%x
—_ PEENEERERE O
B AGE AT E
ﬁ Open vSwitch LIQK%U o

rl

Dietault setting tor =ach node:

-

-

-
-

TG | SOmT O Q@ Q4 KM o» II‘I‘ l

sec  000000.000000 000030.000000

Flayback Speed
|8 (10 us) ~ | [+ =

[60%] (39.08, 12.99)
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"=

5 "8 LB

SRHE
~
/

sec  000000.000000

[65%] (27.06, 0.00)

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BRBIE (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
PR =
x X ANXRVAHED® —oa|e]a aaaaa DEGEP
Network Mode Portfolio B® -
|[LAN & WAN] Ethernet & [P -| ’ 1. E DStage , }EHEH:ZI—TE
== BEXERITHE “Show the
. Host . . .
= Effective Transmission
) Range of Wireless Signal” °
ﬁ Switch
1‘ Defauldl selting for cach node:
* ] 1. 1% Power = <19 dbm
— 2. Hx Scosiivily = -82 db
- T 2 IR - FIERAR e b s o
w7 Sk =
ZE T IE T B SChh
@iz Hob £ Node 1 L -
49
A
ﬁ Cpen vSwitch
[ [» - < [»
MAACAAM AnAnn e PR SIEES
(NIRRT N N W] 000030.000000 ®\ Q I‘ ‘ ’ ‘ II . ’I |8(10us)7'| _I_ E

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)
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EZ:

£ Node 1 FYSBEEHAE P -
1 “TransPower Pbmz” RIEEH -19
ESZEJZ 10 e LB IE XS SHUREE

DIZ K, (dbm) BBl 2
EE

% Power_mW (milliwatt - ZR) 2[R
KWESBEEE - N Power_dbm =

10 * log, (Power_mW/l mllllwatt)

maiEl - pNEREREHEES
*E%? 1 %EE’JI:WJEHQX]‘;&U:E’J

Ith 19 7
= 0.01259 %E mm-10 #EE,
NREHEEER O 1 %E W=
S8 7 7.

17 N ”CTOI”é opy to Other
interfaces) FHEET %ﬁz@gﬁugu
BTm_E (Node 2, 3,and 4) °

EE ‘%TKHSZ%W\?LE’J%EHUH =KL
Ps& - FOUC ORI BB -
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it

m]

ZHRNHCE

N2 R ZFxrIREHEES

anp
arr

_ 1 ARR®ERE

SFT1E,

=)

e =

Specify Physical-layer and Channel Model Parameters x

o

%\

/

® Use the Transmitting Node's Perspactive

For Transmitting Node's Perspective

Propagation Channel Model

® Theoretical Channel Model

ing Model: | 0: None

irical Channel Model

Frequency (MHz):

TransPower (dbm): -19

Set Antenna Gain Pattern and Directivity

Set Wireless Signal Drawing Color

Path Loss Madel: | 1: Two_Ray_Ground -

Use the Receiving Node's Perspective

| »

CT.OlL

ChannelModel Module's Parameters

FadingVar: 10.0

Riceank: 10.0

AntennaHsight (m): 1.5
SystemLoss: 1.0
AverageBuildingHeight (m): 110.0

StreetWidth (m): |30.0

=l

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelModel
and PHY Meodules & Exit

Cancel the Display of the Transmission Range
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2

[HBiNef

[ B]=] W2

Node 1 Fi AZERIE
HB =" Node ZUZZ

IRELESEEZRIN AR ERFTE

tle’J%%ﬂLM)S‘ZHﬁB%}%EE’\JE

Z Pzl

BN ZSUERRERINELER -

ey

SR

&

e

5= G R

Specify Physical-layer and Channel Model Parameters X

& Use the Transmitting Mode's Perspective

For Transmitting Node's Perspective

Propagation Channel Model
@ Theoretical Channel Model
Path Loss Model: | 1: Two_Ray_Ground
Fading Meodel: | 0: None
Empirical Channel Model

11: Suburban_1_8GHz_TE

Y Module's Parameters
Fragu (MHz): 5180 CT.Q.l

TransF ower ) -10 C.T.C.l

Set Wireless Signal Drawing Color

Use the Receiving Node's Perspective

C.T.O.l.

ChannelModel Module's Parameters
FadingVar. 10.0

Riceank: 10.0

AntennaHeight (m): 1.5

SystemlLoss: 1.0

AverageBuildingHeight (m): [10.0

StreetWidth (m): |20.0 ~|

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelMadel
and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[ZCIRIO] M22HTE =" Node FRAZEHNES 2
BE#Y Node 1 FrizlUY

oy B2 — a4 s34 Specify Physical-layer and Channel Model Parameters X
o BRNWERNBUESEEER'NIEE
Usethe T itting Nede's P ti ® Use the Receiving Node's P ti
%?U Node 1 J:E ° sethe | ransmitting g5 Ferspeclive se lhe Recelving 5 Ferspeclive

M -}%E‘EJ/\/{ \_g_q?% LI_‘Q_% E/\J Xmi;ﬁ\\%xmggé uﬂﬁ%'{%ﬁ ::;T:::::Is F’arame’[ersspemNe ChannelModel Module's Parameters
ZREFFALNES o IR E S -

Receiving Sensitivity (dbm): -82 AntennaHeight (m): 1.5

o BISUERRERNEL \ ot aTol

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelMadel

Set Wireless Signal Drawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[TIRN] #£ E Stage - 1xE 1L PktGen Module £
HEREZEDSEIW Frame

EstiNet Network Simulator

o 7T£ Node 1 L1 PktGenServer | wosiense[] o) ) _ mm, , ( (o 2] vobilnode
-+ +¥r 2/3/4 1in 0 n 1
Module K ##UX Frame °

o TENode2 3,54 EFEH card (M

Card (NIC)
. = NN/ Module Module
PktGenClient Module K% ) = =
odule

Frame ° = YaA

o+ BARETE PktGenClient 5 (e w0
PktGenServer P1> Module N7 :Mi e e :Md ]
#3Z10_E FIFO Module © : EARARAL AR R BRI :]

l Module Module l

=l e ) ——— U T (|

Network Interface

Network Interface

Hardware{
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*

(CREPEL

t52% (Node Editor) 1EME

15 iﬁf)n?ai:' s (Module Editor)

FEIRAIRIE A DO IRIBREH IR
A o] PIAMINRTEZR - BIU07E PKTGEN

£ E Stage © T1E—

BB

TR (NOde) J:L
ERLRAT T T AR -
12T “Module Editor” RUIZH - ol H E&

80211n Mobile Node (Ad Hoc Mode)

Node 1D 1 Node Type |80211n Adhoc MN

Application | Inteface  Flow Classification = DNS = Routing g Firewall = Virtual Machine 4 4
Enable s) Command o] i

eeeee

eeeeeeee

\\\\\\\\\

Command Console

#EHP o] P2 PktGenServer 5

HE

PktGencnentT%éH B AERR

BRI 4% (Protocol Stack) 41 °

Module Editor
a
rrrrrrrrr
i
10
3
Amspu
3
MNEDZ11n
i
MACEO211n
nnnnnnnnn
, -
JE1 I
Snapsh ® x Undo s o.N

GGGGGG
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PktGenClient

PktGenClient Module BUIZIE | remeses

- Destination Nede MAC Address -~
A o L /,ypaymad Length 1000 | (bytes)
o HIAFEUWIR Node 1 B9 MAC I3 - o e ] e
4 E@/\%[}Eﬁg 1000 bytes ° Limited Number of Output Packet
~ Taotal Mumber of Output Packet

¢ EE_UA%%-&E 14 bytes ’ Packet Generation Modep 3
o WMASMEHYIRE - Eb% 1000 us H © Fxed Intenva

% _/l\ Frame - j:@/@i%-‘ljﬁ’l , ilii\/—Z; Fixed Generation Interval 1000 {us)

%Hj 1000 /l\ Frame R (' Random Interval

Maximum Random Generation Interval (1000000 {us)
) Exponential Interval

Mean Payload Sending Rate |0.001 (bytes/us)
) Ping Pong
() Fixed Interval and Ping Pong

Fixed Generation Interval (1000000 {us)

) Random Interval and Ping Pong
Maximum Random Generation Interval (1000000 {us)

() Exponentail Interval and Ping Pong

Mean Payload Sending Rate [0.001 (bytes/us)
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PktGenServer Module B

ML=

X AE

PktGenServer

o HIAZEWIR Node 1 YN E! Frame

fg - BEMULL Frame E38 -

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

\

Farameters Setting

Action on the reception of a packet

™ @) Sink the received packet

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |
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SUR/N] UJ#E| G Stage FEHEIKEN @ ARG
PIThE

Activities [ estinetgui.bin =

EstiNet Iroot/course _case_estinetx/antenna_gain_pattern_adjustment.xtpl BiREIEE (2018/06/06 ~ 2018/10/31) £3

File D-Tools E-Teols Misc

X X A

Network Mode Portfolio

P-Tools

[WLAN] 80211a/g/n Stop (Keep Results)

Abort (Discard Results)
AP =

Run as a Background Job

J Infrastructure STA

1 Fid
11n 2
[y
N
w
LY
%
\_‘ Ad Hoc STA
=
11n

; Multi-interface STA \_/
Maf

248

=

Obstacle
Detus sucing tor et 3o
1. 0% Power = 19 ckm
I
' -
[ » . :

Playback Speed

AAnnnn fannnen I‘ ’ I I . ’I

[ IR | R[N </ - -
sec  000000.000000 000030.000000 8 (10 us) +H [

s
s

[44%] (16.09, 1.24)
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(5B +] HESMIE - % P Stage WEL R

o TEPStage ' RIEBHEAERKER
Frame &38| - NAEPI7R -
Node 2 * Node 3 5 Node 4 FT#EH
K55S o] LLZ)3K Node 1 - 1BEAN=
MESLFERERA - FrLUERK
SSMERIEN - 52 Node 1%
B R IHUFEEE] Frame °

o ESHIENLDA - =HWBE_=
( BUEHERE ) BB EMINCRER -
HIE - EMWEEE - o] IES
XX [a] Frame £ =R INRVIB N ©
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