(LM BAR—JRE ., NS SER) (55 5 kO #iy IS E %% THHERE N L, 2023

TEMBEAR—RE. MASEREE 5K
FHERFE AL 2023

http://www.thinkmesh.net/wireless/

B1E
11 By BRAE T SR AR B 2 A1 2
B DU AP TE, WEBORSEHUE B LB ANEY, ek 78 5 (1 2% fe it A5 2
PREE. HERRRIILS, AHESRKIIVET o W4 CBONME B A2 A BOR A BN RN IR 28 B 1) e 5
fitho

1.2 545 H LI 2% P B AR S5 4
% 2% 1SO/OSI AL K TCP/IP 57,

1.3 HAETHE TR Z e, Rl sl 7TOCer 217, /&5 BLog 4 DG M
T R ERMEA LM Wt

% AREHURITA HAB KRB MG M4 . IRk, AEHELS . WAL HII&AEE
AE KBS, W2 ARG E A RSP FR, e MiBi R s AR, a T
[CEC

1.4 J9H AW B A LA R A SEBL? & )2 32 25 il LE D g ?
B MBI R —DNEIRRG, TLLRAIEMWITE, BEABNE TR E
FARZPRSC, BT R E ., 4E AR . &2 EEIIRES % 1SO/OSI B & TCP/IP #iA

1.5 Tk AL J LA A fe, X IR R R4 R AR R TE M 28 K R (R Vs

s AR H AR AR W 73 RSN T2 M2 R R IIRAS IR R, e s/ in s B
AT BRESCHAES . ARRIA R AL 2 o (R A SEmRAR) . (5. ZAEE
ERF R

1.6 WANFEIRINZ N H BB, Tok 2T A2y IR K 2 15 5128 B A o2k ORI 73
AKX R

B RABEAFEIINA] H K, T2 RIZE AT 73 R B AN AL I

ToE RN« TCERIRIR A L i 2% PR AE, R D L U 1) ELE R 2
A5 SRS, 8T RN

PRI . JCERAR T ToZ MR oI5, FLR T H AR RE 00 2% fid A1 A8 fif 21 4%
GHERZIMIBRT I Wik NS, R NFEE ZHNEE, BTG,



(LM BAR—JRE ., NS SER) (55 5 kO #iy IS E %% THHERE N L, 2023

L7 R A A LA 2 P 5 AN 2 2%, ] IARA 7 3. 2 I 45 K 25 07 THIBEAT EE AL

B ALK ST, P20 ST SR B S W2 T A B U T R SRR A2
LRERITIRR LR, K A BASHI TAE NGt 55 08, ToLRBERR BAS BN .

LM SRR E, EEARAIR, oL MM R, R maEes, 2%,
P HTiE

MEAE T T, o2k W2 AR 2 W0 28 1A JE 15 o a2 BB 2R B B ™ JRR T B, R
ki, T LECE

1.9 N2 B B IPv6 20 IPv4 347, TR EERUR? BATS A T Aem?

Zre DU BORER S BB PSR 1Pva, 2 BT B IPve, AUK ELICM L FT A T A
HBET B, SEHEREME, FATLLE R IPv4/IPve JEAF LR TIZD . RE ki, 1Pve
WA emER, SEHUL IPv4.

IP 2 M Z W, /& TCP/IP MIk% O Phill. HRTHCASZ 1Pv4, H 20 4 70 FJR R KR
B4, IPva (IR EON 32 £, B 22 FHUMhE, SEAER. IPve & F—RH
B, g kb 2 (]9 FE 31 2128, I8 (8 T TPva4 Wi LE e I A, i 3o TP 4%
QoS. &Mk, L4k, Bahtk. HIHEEIAH %,



(LM BAR—JRE ., NS SER) (55 5 kO #iy IS E %% THHERE N L, 2023

TEMBEAR—RE. MASEREE 5K
FHERFE AL 2023

http://www.thinkmesh.net/wireless/

28
2.1 JCLRHATRE A kI 4 2 15 TR A 4H ISM BB .
Ko oL HARE AN BRI AR 2.1
ITU ¥ ISM(Industrial Scientific Medical, TR} 2EEET)SIEL, FFLs Tk, Bl E
ST = RHME R, R, AR . ISM SEAE & B E H AL —, EEH 3 A0
E% 902-928MHz. 2.4-2.4835GHz 1 5.725-5.850GHz, H.H' 2.4GHz B % EiEH . B ISM
fRAE N 868MHz Fl 433MHz. i 7538 5F — & R T D (— AT 1W), AZEFHHE
BB . VF2 oM 4 n] TAEF ISM AiB .

2.2 AT MR E LG S 5. 155 WKL, FFEEAT XS E.
B BHE22H

2.3 BBCH — AN 0.5 R KIS 4%, mOARRIEE RSy 50 oK, TN H 0 2 o K A%
BN K?
B M 22 WA 2.0 BT

2.4 LIS 5 TP FEA MRLL ? dnfa] fig ok 2
% %237,

2.5 IERRE S HREHIERE, FEX e W R AR .
B BE 247,

2.6 PG WU EA P A AR S A A5 /2

Zre BRI S(FHSS) S — & [ S5 7 F AT e B0 11 2 A SRS S s, Ak
PRARAWIBEAL o« A T7 FIE BB BB 81 3k 45 2, I LA SE AT  — iR Bk A2
TR MRS YRR R . 530 & A BT BITCE R A Ak, RIAE B R —
PR LT, WAREEA R UAE S .

ELAEFF HI H(DSSS) H b A (R4 BUh5 1y S 4E K 3& 5 LAY (s 5 i, ooy
RV R SRty S EAT e, RISEAUE ¥ 98 (03 005 S0 IR 4615 2 . SR 615 5 e — A
FEAE P AZ ANy 2R, B R il . XA R gni e 15 = 0 e 22 5 S ity Y [
b A S RS A LU B



(LM BAR—JRE ., NS SER) (55 5 kO #iy IS E %% THHERE N L, 2023

2.7 EHFIZ AR BeSE s AE S, W W LR S A 2 R
% EHEAREHZHEDM). B2 H(TDM). 155> 5 FH(CDM). %4> E H(SDM)
&, ZULREEARA M Z HH(FDMA). I 73 Z3H(TDMA). 57 Z 1E(CDMA). 7 £ 4k
(SDMA)% . 5G 5| N\ T AEIERZ ZHE(NOMA), IANEA WAk &2 A 7 2 2%
HARFH S 2.6 5.

2.8 REHARIME LML EEFER T EEEH, o0 REM FEZH AR
% BHE 2T,

2.9 MIMO 3B 26 S B 4 AR 2
& (5IEMTE. BEES A, BB oE%. BRSO 2.8 7.

2.10 INFITEL I REM BB RAT 47
B BREADIRERTE: TR, A TH A A RIS R T PI0IR EAAS 40X
FIERA AT LEE T DhR S A0 e
REEHARCAEAERTN . S, Dhafs| s,

211 1 AR OGBS RO ATV EERE, 52 AT 70 M — Mg i ] DG A5 B 5%
B BAIMBEE, KR CIDEELE 7, R ETEE SR

2.12 TEER IS R BOARNS B8 oLl S R A b ? BRI — T,

% IRS W LI, S IEAAG AT 4%, FTRL U 15 T80 15 Bk ke S iR F 1% 4t
Wi BN EEEIE, FTFEROIFARBCRHL, 8 fe AR SR B B )
fefkigtt, RERBMTLMERIERVER, X0 ARRIERE RGO 4B R .

IRS IR RBIEW T B REHCE L AR G, S T AB A= b Hfa
PSS, FERED, MGG AYDN: FIEREEALRGE, WSRWIEL R A, STRFADWT. i & s
RA . 5 SEl, AT FAEMIIRRA L RO 5 %% A e 2k R 45

2.13 WEARIAWT—F,  H AL Te AT 9 AT i R K S R BIR ey 2

¥ TCERITT AN 2 i T B R GEH T ), 20 J LSRR, IS RETERI SR .
oL T8 B i Bl S L, TE 2k FE LR B DA | R R ) T RN FE HIAR . Apple Watch
LA I T2 7E - TALAR o FE SO 1A AR FEHLBE R . ARHEA —SEEORISUS, B
LR TE L N T A R B U

2.14 XA AR, 1BHBEADT 3 M E TG, S L AR 5.
. OPNET. NS2. NS3. MATLAB. Mininet &, HARH A%E S0 H AT 725 F0 ELESR

215 BB —A 4 DN ARG, TRANIBER A e . IIE. BAAI K EZE S E W~ TR,
S i H W E N FTP+TCP, TAEFRSEANTIAIZE 1~9s; A 17 % B CBR+UDP, T {E#2L4H [A]
fE 4~Ts. 15TE NS2 FH|H OTel 4w S2Pliz W 2 1) H



RS S THHERE N L, 2023

CBR, 4~7s

: SR

Simulation parameters setup

* % oy

set val(stop)  10.0

Initialization

H H

#Create a ns simulator
set ns [new Simulator]

#Open the NS trace file
set tracefile [open 2.13.tr w]
$ns trace-all $tracefile

#Open the NAM trace file
set namfile [open 2.13.nam w]
$ns namtrace-all $namfile

Nodes Definition

H H

#Create 4 nodes

set n0 [$ns node]
set nl [$ns node]
set n2 [$ns node]
set n3 [$ns node]

Links Definition

H H

#Createlinks between nodes

$ns duplex-link $n0 $n2 10.0Mb 10ms DropTail
$ns queue-limit $n0 $n2 50

$ns duplex-link $n1 $n2 10.0Mb 10ms DropTail
$ns queue-limit $n1 $n2 50

$ns duplex-link $n2 $n3 5.0Mb 10ms DropTail

5Mbps,50

° WA, 10ms C

10Mbps,BA %1 50, %X [7],10ms

;# time of simulation end
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$ns queue-limit $n2 $n3 50

#Give node position (for NAM)

$ns duplex-link-op $n0 $n2 orient right-down
$ns duplex-link-op $n1 $n2 orient right-up
$ns duplex-link-op $n2 $n3 orient right

Agents Definition

H H

#Setup a TCP connection

set tcp0 [new Agent/TCP]

$ns attach-agent $n0 $tcp0

set sinkl [new Agent/TCPSink]
$ns attach-agent $n3 $sink1
$ns connect $tcp0 $sink1

$tcp0 set packetSize 1500

#Setup a UDP connection
set udp2 [new Agent/UDP]
$ns attach-agent $nl $udp2
set null3 [new Agent/Null]
$ns attach-agent $n3 $null3
$ns connect $udp2 $null3
$udp2 set packetSize 1500

Applications Definition

H H

#Setup a FTP Application over TCP connection
set ftp0 [new Application/FTP]

$ftp0 attach-agent $tcp0

$ns at 1.0 "$ftp0 start"

$ns at 9.0 "$ftp0 stop"

#Setup a CBR Application over UDP connection
set cbrl [new Application/Traffic/CBR]

$cbrl attach-agent $udp2

$cbrl set packetSize 1000

$cbrl set rate_ 1.0Mb

$cbrl set random_ null

$ns at 4.0 "$cbrl start"

$ns at 7.0 "$cbrl stop"
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Termination

H H

#Define a 'finish' procedure
proc finish {} {
global ns tracefile namfile
$ns flush-trace
close $tracefile
close $namfile
exec nam 2.13.nam &
exit 0
H
$ns at $val(stop) "finish"
$ns run
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Simulation parameters setup

H H FH*

set val(chan)  Channel/WirelessChannel ;# channel type
set val(prop)  Propagation/TwoRayGround  ;# radio-propagation model

set val(netif) Phy/WirelessPhy ;# network interface type

set val(mac) Mac/802 11 # MAC type

set val(ifq) Queue/DropTail/PriQueue ;# interface queue type

set val(ll) LL ;# link layer type

set val(ant) Antenna/OmniAntenna ;# antenna model

set val(ifglen) 50 ;# max packet in ifq

set val(nn) 20 ;# number of mobilenodes
set val(rp) AODV ;# routing protocol

set val(x) 2283 ;# X dimension of topography
set val(y) 100 ;#Y dimension of topography
set val(stop)  10.0 ;# time of simulation end
# Initialization

#Create a ns simulator

set ns [new Simulator]

#Setup topography object
set topo [new Topography]
$topo load_flatgrid $val(x) $val(y)
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create-god $val(nn)

#Open the NS trace file
set tracefile [open 3.11.tr w]
$ns trace-all $tracefile

#Open the NAM trace file

set namfile [open 3.11.nam w]

$ns namtrace-all $namfile

$ns namtrace-all-wireless $namfile $val(x) $val(y)
set chan [new $val(chan)];#Create wireless channel

Mobile node parameter setup

H FH FH*

$ns node-config -adhocRouting  $val(rp) \

-IType $val(11) \
-macType $val(mac) \
-ifqType $val(ifg) \
-ifgLen $val(ifglen) \
-antType $val(ant) \
-propType $val(prop) \
-phyType $val(netif) \
-channel $chan \

-topolnstance  $topo \
-agentTrace ON\
-routerTrace  ON\
-macTrace ON\
-movementTrace ON

Nodes Definition

H H FH*

#Create 20 nodes

set n0 [$ns node]

$n0 set X 947

$n0setY 1191

$n0setZ 0.0

$ns initial node pos $n0 20
set nl [$ns node]

$nl set X_ 1147

$nlsetY 1191

$nlsetZ 0.0

$ns initial node pos $nl 20

10
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set n2 [$ns node]

$n2 set X 1347

$n2setY 1191

$n2setZ 0.0

$ns initial node pos $n2 20
set n3 [$ns node]

$n3 set X 1547

$n3setY 1191

$n3setZ 0.0

$ns initial node pos $n3 20
set n4 [$ns node]

$nd set X 1747

$nd setY 1191

$ndsetZ 0.0

$ns initial node pos $n4 20
set n5 [$ns node]

$n5 set X 947

$n5setY 991

$n5setZ 0.0

$ns initial node pos $n5 20
set n6 [$ns node]

$n6 set X_ 1147

$n6setY 991

$n6setZ 0.0

$ns initial node pos $n6 20
set n7 [$ns node]

$n7 set X 1347

$n7setY 991

$n7setZ 0.0

$ns initial node pos $n7 20
set n8 [$ns node]

$n8 set X 1547

$n8 setY 991

$n8setZ 0.0

$ns initial node pos $n8 20
set n9 [$ns node]

$n9 set X 1747

$n9 setY 991

$n9setZ 0.0

$ns initial node pos $n9 20
set n10 [$ns node]

$n10 set X 947
$nl0setY 791
$nl0setZ 0.0

11
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$ns initial node pos $n10 20
setnll [$ns node]

$nllset X 1147
$nllsetY 791

$nllsetZ 0.0

$ns initial node pos $nl1 20
set n12 [$ns node]

$nl12 set X 1347
$ni2setY_ 791

$nl2setZ 0.0

$ns initial node pos $nl12 20
set n13 [$ns node]

$nl13 set X 1547
$nl3setY 791

$nl3setZ 0.0

$ns initial node pos $nl13 20
set n14 [$ns node]

$nld set X 1747
$nldsetY_ 791

$nldsetZ 0.0

$ns initial node pos $n14 20
set n15 [$ns node]

$nl5 set X 947

$nl5setY 591

$nl5setZ 0.0

$ns initial node pos $nl15 20
set n16 [$ns node]

$nl6set X 1147
$nl6setY 591

$nl6setZ 0.0

$ns initial node pos $nl6 20
set n17 [$ns node]

$n17 set X_ 1347
$nl7setY_ 591

$nl7setZ 0.0

$ns initial node pos $n17 20
set n18 [$ns node]

$nl18 set X 1547
$nl8setY 591

$nl8setZ 0.0

$ns initial node pos $nl18 20
set n19 [$ns node]

$nl19 set X 1747
$nl9setY 591

12
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$n19setZ 0.0
$ns initial node pos $nl19 20

Agents Definition

H FH FH*

#Setup a TCP connection

set tcpl [new Agent/TCP]

$ns attach-agent $n0 $tepl

set sink2 [new Agent/TCPSink]
$ns attach-agent $n19 $sink2
$ns connect $tepl $sink?2

$tepl set packetSize 1500

#Setup a UDP connection
set udp3 [new Agent/UDP]
$ns attach-agent $n15 $udp3
set null4 [new Agent/Null]
$ns attach-agent $n4 $null4
$ns connect $udp3 $null4
$udp3 set packetSize 1500

Applications Definition

H FH FH*

#Setup a FTP Application over TCP connection
set ftp0 [new Application/FTP]

$ftp0 attach-agent $tepl

$ns at 1.0 "$ftp0 start"

$ns at 9.0 "$ftp0 stop"

#Setup a CBR Application over UDP connection
set cbrl [new Application/Traffic/CBR]

$cbrl attach-agent $udp3

$cbrl set packetSize 1000

$cbrl set rate 1.0Mb

$cbrl set random_ null

$ns at 1.0 "$cbrl start”

$ns at 6.0 "$cbrl stop"

Termination

H FH FH*

#Define a 'finish' procedure

13
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proc finish {} {
global ns tracefile namfile
$ns flush-trace
close $tracefile
close $namfile
exec nam 3.11.nam &
exit 0
H
for {seti 0} {$i<S$val(nn) } {incri} {
$ns at $val(stop) "\$n$i reset"
H
$ns at $val(stop) "$ns nam-end-wireless $val(stop)"
$ns at $val(stop) "finish"
$ns at $val(stop) "puts \"done\" ; $ns halt"

$ns run

14
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i 58 I TC LR % 2%, ELERZ PPN 2%, e N\ mid BT M. C 449\ 1IEEE 802.11s. IEEE 802.16
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% ZEAIAR:

Simulation parameters setup

H FH FH*

set val(chan)  Channel/WirelessChannel ;# channel type
set val(prop)  Propagation/TwoRayGround ;# radio-propagation model

set val(netif) Phy/WirelessPhy ;# network interface type

set val(mac) Mac/802 11 # MAC type

set val(ifq) Queue/DropTail/PriQueue ;# interface queue type

set val(ll) LL ;# link layer type

set val(ant) Antenna/OmniAntenna ;# antenna model

set val(ifglen) 50 ;# max packet in ifq

set val(nn) 25 ;# number of mobilenodes
set val(rp) AODV ;# routing protocol

set val(x) 1762 ;# X dimension of topography
set val(y) 100 ;#Y dimension of topography
set val(stop)  10.0 ;# time of simulation end
# Initialization

#Create a ns simulator

set ns [new Simulator]

#Setup topography object

set topo [new Topography]
$topo load_flatgrid $val(x) $val(y)
create-god $val(nn)

#Open the NS trace file
set tracefile [open 6.10.tr w]
$ns trace-all $tracefile

#Open the NAM trace file

set namfile [open 6.10.nam w]

$ns namtrace-all $namfile

$ns namtrace-all-wireless $namfile $val(x) $val(y)
set chan [new $val(chan)];#Create wireless channel
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H FH FH*

Mobile node parameter setup

$ns node-config -adhocRouting  $val(rp) \

-lIType

-macType

-ifqType
-ifqLen
-antType

-propType

-phyType
-channel

-topolnstance
-agentTrace
-routerTrace

-macTrace

$val(ll) \
$val(mac) \
$val(ifg) \
$val(ifglen) \
$val(ant) \
$val(prop) \
$val(netif) \
$chan \

$topo \
ON\
ON\

ON\

-movementTrace ON

Nodes Definition

H FH FH*

#Create 20 nodes

set n0 [$ns node]

$n0 set X 696

$n0setY 697

$n0setZ 0.0

$ns initial node pos $n0 20
set nl [$ns node]

$nl set X 896

$nl setY 697

$nlsetZ 0.0

$ns initial node pos $nl 20
set n2 [$ns node]

$n2 set X 1096

$n2 setY 697

$n2setZ 0.0

$ns initial node pos $n2 20
set n3 [$ns node]

$n3 set X 1296

$n3setY 697

$n3setZ 0.0

$ns initial node pos $n3 20
set n4 [$ns node]
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$nd set X_ 1496

$nd setY 697

$nd setZ 0.0

$ns initial node pos $n4 20
set n5 [$ns node]

$n5 set X_ 696

$n5setY 497

$n5setZ 0.0

$ns initial node pos $n5 20
set n6 [$ns node]

$n6 set X 896

$n6 setY 497

$n6setZ 0.0

$ns initial node pos $n6 20
set n7 [$ns node]

$n7 set X_ 1096

$n7 setY 497

$n7setZ 0.0

$ns initial node pos $n7 20
set n8 [$ns node]

$n8 set X 1296

$n8 setY 497

$n8setZ 0.0

$ns initial node pos $n8 20
set n9 [$ns node]

$n9 set X 1496

$n9 setY 497

$n9setZ 0.0

$ns initial node pos $n9 20
set n10 [$ns node]

$nl0 set X 696
$nl0setY 297
$nl0setZ 0.0

$ns initial node pos $n10 20
setnll [$ns node]

$nllset X 896
$nllsetY 297
$nllsetZ 0.0

$ns initial node pos $nll 20
set n12 [$ns node]

$nl2 set X 1096
$n12setY 297
$n12setZ 0.0

$ns initial node pos $nl12 20
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set n13 [$ns node]

$nl13 set X 1296
$nl3setY 297

$ni3setZ 0.0

$ns initial node pos $nl13 20
set n14 [$ns node]

$nl4 set X_ 1496

$nld setY 297

$nldsetZ 0.0

$ns initial node pos $n14 20
set n15 [$ns node]

$nl5 set X 696

$nl5setY 97

$nl5setZ 0.0

$ns initial node pos $nl15 20
set n16 [$ns node]

$nl6 set X 896

$nl6setY 97

$nl6setZ 0.0

$ns initial node pos $nl6 20
set n17 [$ns node]

$nl7 set X_ 1096
$nl7setY 97

$nl7setZ 0.0

$ns initial node pos $nl7 20
set n18 [$ns node]

$nl8 set X 1296
$nl8setY 97

$nl8setZ 0.0

$ns initial node pos $nl18 20
set n19 [$ns node]

$nl19 set X 1496
$nl9setY 97

$nl9setZ 0.0

$ns initial node pos $nl19 20

Agents Definition

H FH FH*

#Setup a TCP connection
set tcp0 [new Agent/TCP]
$ns attach-agent $n3 $tcp0

set sink1 [new Agent/TCPSink]

$ns attach-agent $n11 $sinkl
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$ns connect $tcp0 $sinkl
$tcpO set packetSize 1500

Applications Definition

H FH FH*

#Setup a FTP Application over TCP connection
set ftp0 [new Application/FTP]

$ftp0 attach-agent $tcp0

$ns at 1.0 "$ftp0 start"

$ns at 2.0 "$ftp0 stop"

Termination

H FH FH*

#Define a 'finish' procedure
proc finish {} {
global ns tracefile namfile
$ns flush-trace
close $tracefile
close $namfile
exec nam 6.10.nam &
exit 0
H
for {seti 0} {$i<$val(nn) } {incri} {
$ns at $val(stop) "\$n$i reset"
H
$ns at $val(stop) "$ns nam-end-wireless $val(stop)"
$ns at $val(stop) "finish"
$ns at $val(stop) "puts \"done\" ; $ns halt"

$ns run
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