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NS2 iR E A2 X TCL script) 12k AE - #RA N iaiA2 X » BRI K
(B o AT B URS M INRR R -

#"# RIAIMYSCE AR, FTCANS 2 ATt T
# A — AR Y
set ns [new Simulator]
# e — AR R
proc finish {} {
exit 0
}
# I Al DUFTEY— SE AT i SRR R H R R E R g
#ADE TR LTI £ind shRY , DURSAUSLRE, JEC MROBT TS (158 S PONYIRHi
Sns at 5.0 "finish"
# DA TR

Sns run

e TEha - R DAl B e SR S ita s > SRS (AR 2%
{50 H—4& T_ Ll (awk FIT gnuplot) s AT H1E BUBEERT L » S Bl E e F e T FE
T A A B (End-to-End Delay) ~ BHERJitter) ~ $4458125 3R (Packet Loss)
HIFFH: fir(Throughput) © 44T ATER I i A 20 Hitg LR R FC BRAR, (traffic
trace file)y fi=k -
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W REREIESREE -

S H ik

aradfic racs agenit
fip
tep '__.-v-'r“m sink
- 5
L, :
"E:"E..--"'H -, u
QD Thbps, 2k
Y ¢ )
P s '
ne B d
- null
udp
cbr . : chr

SRS R Ao T W SR ARG s 1 AT s2 - Bt r - ATERHEENG: d
s1 1 r Z W18 s2 #] r & RHE IR SR I 2Mbps - EERAGERE I 10ms - #4P%2E
P PO A o 81 d 2 - YRy 1.7Mbps » SLRALENIIT Ry 20ms - Ff
T8 (P75 | BRAR I L SR DropTail - Hor £ d Z IR ATH L E (queue
limit) gt 10 EEMDIILEE © 417 s1 2] d A7 16 FTP (i - FTP R AU

BORE(ETCP & 1+ » PR LI S R B I RO 3 S R - 55T —16 TCPIY
SR o KA ARG s1 - TCP agent 54" tep” 2R #%5% TCP I EMT ¢ {1-E MY
i d i} TCPsink agent 241" sink” #ciEsZ TCP (W#ER » WA [l 49 (ACK)
A - e BT TCP BRI - DIt - SR BT IS rifiel agent MURIZK

(connect) » AR A RELET
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ATEEATHING Z 8 - TCP MU SIS Fy | Kbytes - [h4h » #iA0AE
NS2 Bifgp 28 A Ay QE » Al LUAT. ~\ns-allinone-2.27\ns-2.27\tcl\lib [ $% 1% ns-
default.tcl $28 = LI51 » 1172 ) d & BT — {8 E 8RR (Constant Bit
Rate » CBR) » CBR FEMFAZ0 I A0RE( UDP & |- » KL 267A1 s2 fi}H] UDP agent
A" udp” PSR UDP BT - {17 d 1-f#iHH Null agent 384" sink” LUK
PH s2 {E 2k UDP By » SRS PEHIEE 0T BAu B [ - CBR WS fy
IMbps » RE—{EE AN 1Kbytes = CBR 12 0.1 ROFHAAEIX - {124.5 RORTHE
T 5 FTP A1 1.0 FOBHAGELL » 4.0 BOH4S s (e -

W TCL#E:URS o (JeHsPEY Exp3\exp3.tel)

# FE (AR
set ns [new Simulator]
# SR FOBRAUE 22N RIMET T - JEREEERG NAM I
sns color 1 Blue
sns color 2 Red
# DA {# NAM  GOSRAR
set nf [open out.nam w]
Sns namtrace-all s$nf
# DB R B R R G ERA - M SREC SR B iR
set nd [open out.tr w]
Sns trace-all snd
# e — AR R
proc finish {} {
global ns nf nd
sns flush-trace
close snf
close S$nd
# DATF 5oy 5 U T NAM
exec nam out.nam &

exit 0
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}

# FEALEENEINE, s1 W idfy 0, s2yidly1l
set sl1 [Sns node]

set s2 [Sns node]

# FE/RRE ST, vy id k2

set r [Sns node]

# AL TORHOTRS, Ay id fw 3

set d [Sns node]

#s1-r BIPEIR ELT 2Mbps HISHE , 10ms RYELRAEER:T
#s2-1 B EA 2Mbps (USEE, 10ms AIENRILE DropTail MHTFIREEE =
H#r-d SRR ELA 1 . 7Mbps HYSHEL, 20ms RYELRAEEREE], DropTail FHTHIEE A
Sns duplex-link $sl1 Sr 2Mb 10ms DropTail

DropTail AYfFIEHLAS:

Sns duplex-link $s2 Sr 2Mb 10ms DropTail
Sns duplex-link $r $d 1.7Mb 20ms DropTail
# 3OE r 8] d Wy Queue Limit fy 10 fEEM{E A/
Sns queue-limit $r $d 10

# BEOCHIREIINIE - SRS NAM HITY

Sns duplex-link-op $sl $r orient right-down
Sns duplex-link-op $s2 $r orient right-up
sSns duplex-link-op S$r $d orient right

# B r 2] d Z[H] queue (AL - JEIEELHT NAM Y
Sns duplex-link-op S$Sr $d queuePos 0.5

# 47—k TCP 1R

set tcp [new Agent/TCP]

Sns attach-agent $sl1 S$tcp

set sink [new Agent/TCPSink]

Sns attach-agent $d S$sink

Sns connect Stcp $sink

# {1 NAM 1 - TCP MR A (AR

Stcp set fid 1
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# (- TCP MR Z [T FTP A
set ftp [new Application/FTP]
Sftp attach-agent S$tcp
Sftp set type FTP
# 4V — {0k UDP iR
set udp [new Agent/UDP]
Sns attach-agent $s2 sudp
set null [new Agent/Null]
Sns attach-agent $d S$null
Sns connect Sudp Snull
# {I°NAM 1 - UDP MR DL (7R
Sudp set fid 2
# {12 UDP ifii 11437 CBR JEHIFRZ
set cbr [new Application/Traffic/CBR]
Scbr attach-agent S$Sudp
Scbr set type CBR

# RO I AN 1000 byte
Scbr set packet size 1000

# B fy 1Mbps
Scbr set rate 1mb
Scbr set random false
# B¢ FTP N1 CBR #OBHE X AR IR IR
sns at 0.1 "Scbr start"
Sns at 1.0 "sftp start"
Sns at 4.0 "sftp stop"
Sns at 4.5 "$cbr stop"
# HEACTCP MM (A E W EES AR SRS SR BT SR AR )
Sns at 4.5 "$ns detach-agent $sl1 Stcp"
Sns at 4.5 "Sns detach-agent $d $sink"

#ABREREI T 5 DR AITIY £ini shAHIIRELRE GEbR ETE B RS 1
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# 119 5 FOAlA— G T RS IRE )

sns at 5.0 "finish"

# T TREHEE

sSns run

W AT o

($ J-4F cygwin FINEEAAFH) - (LB TCL script » S7EHE AMBIER -

S startxwin.bat

S ns exp3.tcl

W ESITHORER -

{1288 exp3.tel [F]—fli 8%~ 177 AL —1{ld out.tr(RBEBEE AL LS A T—11 out.nam

(NAM GE8RA) > S3Fh BB i eEs - 4 MR -

W #ITNAM - BIRIEIARBERYBAE - GBI Z LB Hey »)

L Mam Conssle vl 10

b \\
' i b - The: Blstesasc Anbwarlor 41 11 | Help

4 MAM - The Network Animator

@ TEelpnmsn 10 Fews 1,00

Derveelaped By UCE apd the W8T, SAMANR, apd Consor propscis al B3,
Hemes canbans ssurce cade wilh Ba follgwing copyrights;

Caprymight () 1357-1535 Usiversily of Ssuthers Caltfomesa
Capryright ) 2080-2002 WSS Srisnces.
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=~ pERER
1. EHEAR AR RS

REEERE TS » B T JINAMBIGRBUEEIIAE » SIO Mk S 1 R e S0 8%
il JAl— BB 0T - IRIEEE GO SRR A T - P DU G S e i 2650
SALE GO BRIAS L

PUR St out.tr (PR 30 8% -

+ 0.1 1 2 €loiz L0 ======= 2 1.0 3.1 0 O
— 0.1 1 2 €loiz L0 ======= 2 1.0 3.1 0 O
+ 0.108 1 2 @loie 1000 ======= 2 1.0 3.1 1 1
— 0.108 1 2 @loie 1000 ======= 2 1.0 3.1 1 1
r 0.114 1 2 @loie 1000 ======= 2 1.0 3.1 0 O

0.114 2 3 @loie 1000 ======= 2 1.0 3.1 0 O
— 0.114 2 3 @loie 1000 ======= 2 1.0 3.1 0 O
+ 0.116 1 2 @loie 1000 ======= 2 1.0 3.1 2 2
— 0.116 1 2 @loie 1000 ======= 2 1.0 3.1 2 2
r 0.122 1 2 @loie 1000 ======= 2 1.0 3.1 1 1

0.122 2 3 @loie 1000 ======= 2 1.0 3.1 1 1

iEfERCERrI AR A

event | time | from | to pkt | pkt | flags | fid | src | dst | seq | pktid

node | node | type | size addr | addr | num

r : receive (at to_node)
+ . enqueue (at queue)
- ¢ dequeue (at queue) src_addr : node.port

d : drop (at queue) dst_addr : node.port
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TGO BRI DHAGER A BT SR AR S ERT - 2 "o HISRR e e A 617
BEFFP R 3 A "+ HIO A TATS 5 i - RIS R o1 5 i "d" HIls
ANEMUARAT YT ZSHE - e ss AR ORIt AR AR TR 5 AROT AT
A PHF R SR AR 1 G (T2 from node £ to node) 5 R AR EMUNYTINE 5 il
NSRBI AN - SR I AT © RO R B R —(l
R 3 AR LR )t B s B AR Al E i - 5 AR A 1A% U tkab -
a FRACHILEHRSE - b e 5 (port number) 5 A7 —FREMUMYSERE  BRA+
ForRBEMEid -

LA v e SR GO S (20— Je ] iR AT — A Bt pakeet id Ty
0 » ok id Jy 2 o TERENG 0 » LRy 1000 bytes » TURETy CBR » 't i sl i
LOZESI Ak 3.1 » AEIRFHI0. T RDIIRER » TELTRG 1(s2)EA T HIRE 20511 -

2. awk 8=

21 f@n

=

awk g —RERE AT ST — R T B SR DIRE - awklits LAy otk
B 0 B ELEERR (Interpreter) N e TR 5 BRI 53 (Typeless) » H[{#
FH S 75 B4 R A (Associative Array) @ » [KIEL o 5 H awk $€ 52 R 2 LR FH B
R TR FLETATER « S94h 0 awk BEELAT—EENZITRE - (15 awk A
FRP LL#P kS (Record) ~ HiA7(Field) FURBM#0RE  fef% » awk RZEHAT pipe Y LIRE -
AR R FERHESAG I Shell Gy HICIERER > THRF Shell 4 B BRI 7
B awk B2 > JE RFBE LTS awk R AN S B SR AU -

2.2 awk 2EERY

T 7 AR R aw kR AR DU AHBRI At - DAL e A e R GO St T
BUMEL A -
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221 AETESR

a. SRS * awk GEEDRHIE LEIURHEAT - DIGHAER G awk HARY

E—EREY R + 0.1 1 2 cbr 1000 ------- 2103100
S REERSIR "= 0.0 1 2 cbr 1000 - 2 1.0 3.1 0 07

AN > RO AR R RO, 1Tk -

b. MISE(Field) : T DRI LHE BB 1111 -

DI#ES” + 0.1 1 2 cbr 1000 ------- 2 1.0 3.1 0 0” Jafyl » —fili e

TELAZE 1 P e BRI -

— | | = W am | AN BN L]+ |+ |+
+ 101 1 2 | ¢br [1000 | -—--—-- 2 1.0 | 3.1 0 0
W awk FIAFOE 1% - SriORHERRAT R AR B8 -
HENIEEEy = £
$0 s, FLA Ry B 0T awk FITER AN #0RH ]
$1 ﬁ;’% $0 25— Eoret
$2 A% $0 120 T AEE A R

222 REACHEERG

Patternl { Actionsl }
Pattern2 { Actions2 }
Pattern3 { Actions3 }
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ETEHBERER - UNS2ERTAEE

ReES ™ BRARFIE Y 2K Pattern - 511401 -

x > 3 FHACHIBTERM x B4 AR 3

57 == FHAR AIETEE x TSGR 5
awk fEfit c il E W RINBRERC Al >~ < v >= v <= v == | =
';‘g—;':g—: °

Actions S tHET 2 awk f5SFTAEIL - 17 awk IHE @ 8 ¢ G g & IR

I0#5% @ print ~ printf() -~ getline ......
TR pEREE S ¢ if () ) else {0} ~ while(-re){ree} oo

11 awk F2EUFEAR 1 55 FIER Pattern (WAS SR 45 R FU(True) » HISAT TAHETFENY
Actions : 71 False HIPR ST AHET Actions © # 7t BEBH A 3AE {174 47 Pattern >
awk T IEBRFITY LSBT T Actions ©

223 TARRRE BT awk IRy, ER RASETT FYIPTYADER -
O H B E TR AT -

O HI BT (Update) FHEHIT A A B 1 -

© FXRITRE 1 FFrATIY Pattern { Actions } 5%

O SsdToeRE R [ ERAT Pattern { Actions }RF » 5 eBb R OB T OREEE -
WIS T2 B 1 B0 4

awk 7 H By LA HE T T Ly VAR DB - BT DAGE -4 AN e R o s SE (A
b -
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2.3  RELRuRBEAYEEE(End-to-End Delay) - (Y¢EERY Exp3\measure-
delay.awk)

# 3 fe CBR MRS S SERE MIZE R RN awk R2

BEGIN ({

# FAWIAE - BOE S EGC ok H i S BBy ID -
highest packet id = 0;

}

{
action = S$1;
time = $2;
from = $3;
to = $4;
type = $5;
pktsize = $6;
flow _id = $8;
src = S$9;
dst = $10;

seq no = $11;
packet id = s$12;
# LBk AR A packet ID
if ( packet id > highest packet id )
highest packet id = packet id;
# ACEET (IR

if ( start time[packet id] == 0 )
start time[packet id] = time;
# LK CBR (flow_id=2) [MHZIIRER
if ( flow id == 2 && action != "d" ) {
if ( action == "r" ) {
end time [packet id] = time;
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}

} else {
# HAE flow_id=2 WyEMEEi# 2 flow_id=2 {HIELEMEME drop AR K, -1
end time [packet id] = -1;

}

END
# H ORI Stk > DG T IA T S8 A I SR B SR A SR ]
for ( packet id = 0; packet id <= highest packet id;\
packet _id++ ) {
start = start time[packet id];
end = end time[packet id];
packet duration = end - start;
# IR TR (S R R G 8 1 ke
if ( start < end ) printf ("%f $f\n", start,

packet duration) ;

W #HATF7% © ($ & cygwin shell B3R TT55)

Sawk -f measure-delay.awk out.tr

AT ERTRAT BIRE S - Al ey S RS A cbr_delayfiEZSi) -

Sawk -f measure-delay.awk out.tr > cbr delay
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W EITHER -

0.100000 0.038706
0.108000 0.038706
0.116000 0.038706
0.124000 0.038706
0.132000 0.038706

---------------------------

2.4 REEK(jitter) o (FEREF AT Exp3\measure-jitter.awk)

BB A S (1 e (delay variance) » HHFASEIES T RIS EE (8L, -
R RATIHEE - F15 SR A TR | 6 RIS P

N2 iy

o506 Wing 2] [ W S IR [T gk A — 2 SrAH R - S AN R 22 S Brali vy L 8

- BHIRBA » M R AR -

# 15 W 5 CBR BMU jitter IV awk B2

# jitter = ((recvtime(j)-sendtime(j)) - (recvtime (i) -
# sendtime (1)))/(j-1),drfr j>1i
BEGIN ({

# R APAIE » B 2R BUARC ek E piline sapE B ALy ID -
highest packet id = 0;

from = S$3;
to = $4;
type = $5;
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src = $9;
dst = $10;
seq_no = $11;
packet id = $12;
# CERENT I packet ID
if ( packet id > highest packet id ) {
highest packet id = packet id;

}
# OB T R
if ( start time[packet id] == 0 ) {
# GCEE MUY seg_no
pkt segno[packet id] = seq no;
start time [packet id] = time;
}
#I08% CBR (flow id=2) (YHEILINRY
if ( flow id == 2 && action != "d" ) {
if ( action == "r" ) {
end time [packet id] = time;
}
} else {
# AU £low_id=2 MEMUEi it £low_id=2 {HEbEMEMRRRGINITRER, -1
end time [packet id] = -1;
}
}
END {
# Plafb Jitter atRIATHAR R
last segno = 0;

last delay = 0;
segqno diff = 0;
# E ORI EERIN e, o DRGSR A0 A e b 1 S M A B R
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for ( packet id = 0; packet id <= highest packet id; \
packet id++ ) {
start = start time[packet id];
end = end time[packet id];
packet duration = end - start;
# O RARORE AR X R R RC sk S T2k

if ( start < end ) {
# 9% T delay ffi (packet duration) #itHijitter
seqno_diff = pkt seqgno[packet id] - last segno;
delay diff = packet duration - last delay;

if (segno diff == 0) {
jitter =0;
} else {

jitter = delay diff/seqno diff;

}
printf ("$f %f\n", start, jitter);
last segno = pkt segno[packet id];

last delay = packet duration;

}

W #ITF37A © ($ & cygwin shell B9ERTRTEER)

Sawk -f measure-jitter.awk out.tr

AT ERTRAT BIRE S > Al ey i RS A cbr_jitter FFESH -

Sawk -f measure-jitter.awk out.tr > cbr jitter
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W SMITHRER ¢

0.100000 0.000000
0.108000 0.000000
0.116000 0.000000

2.5 $EBSE(packet loss) o (FLREHAY Exp3\measure-loss.awk)

# 1 M CBR BMUSRIN awk FZL

BEGIN {

# B pA(L, B3O S0 packet % drop M H
fsDrops = 0;

numFs = 0;

}

{
action = $1;
time = $2;
from = $3;
to = $4;
type = $5;
pktsize = $6;
flow id = $8;
src = $9;
dst = $10;

seq _no = $11;
packet id = $12;
# #EHE nl K% packets
if (from==1 && to==2 && action == "+")

numkbFs++;

M 3-18
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# #fiit flow_id Jy 2, H drop MyEMY
if (flow id==2 && action == "d")

fsDrops++;

}

END ({
printf ("number of packets sent:%d lost:%d\n", numFs, fsDrPs) ;

}

W #ITF37A © ($ & cygwin shell B9ER7RTE5R)

Sawk -f measure-loss.awk out.tr

W HATRER -

number of packets sent: 550 lost:8

EHe CBRIXH T 550 fldl g, » EUELef 8 {8 B0 23t T -
2.6 ZFht&(throughput) - (3% A Exp3\measure-throughput.awk)

# 354 B CBR HUSEIEI R (average throughput) 1Y awk FET

BEGIN ({

init=0;

1i=0;

}

{
action = S$1;
time = $2;
from = $3;
to = $4;
type = $5;
pktsize = $6;
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flow id = $8;
src = $9;

dst = $10;
seq_no = $11;
packet id = $12;

if (action=="r" && from==2 && to==3 && flow id==2) {

pkt byte sum[i+1]=pkt byte sum[i]+ pktsize;

if (init==0){

start time = time;
init = 1;
end time[i] = time;
i = i+1;
END

# T EELE A0SR throughput B eds - DI HEiHLG
printf ("$.2£\t%.2f\n", end time([0], 0);

for (=1 ; j<i ; j++){
# B Jy kbps
th = pkt byte sum[j] / (end time[j] - start time)*8/1000;
printf ("$.2£\t%.2f\n", end time([j], th);
}
#e TR - RS — Tl throughput TR s » DI EGER
printf ("$.2£\t%.2f\n", end time[i-1], 0);

}
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