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NS2

 3-2

NS2 (TCL script)

# "#" , NS2

#

set ns [new Simulator]

#

proc finish {} {

       exit 0

}

#

# finish , , 5

$ns at 5.0 "finish"

#

$ns run

(awk gnuplot)
(End-to-End Delay) (Jitter) (Packet Loss)

(Throughput) (traffic
trace file)
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3-3 

TCP UDP

  

s1 s2 r d
s1 r s2 r 2Mbps 10ms

r d 1.7Mbps 20ms
DropTail r d (queue

limit) 10 s1 d FTP FTP
TCP TCP

s1 TCP agent tcp TCP
d TCPsink agent sink TCP (ACK)

TCP agent
(connect)
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NS2

 3-4

TCP 1 Kbytes
NS2 ~\ns-allinone-2.27\ns-2.27\tcl\lib ns-
default.tcl s2 d (Constant Bit
Rate CBR) CBR UDP s2 UDP agent

udp UDP d Null agent sink
s2 UDP CBR

1Mbps 1Kbytes CBR 0.1 4.5
FTP 1.0 4.0

 TCL  ( Exp3\exp3.tcl)

# 

set ns [new Simulator]

# NAM

$ns color 1 Blue

$ns color 2 Red

# NAM 

set nf [open out.nam w]

$ns namtrace-all $nf

#

set nd [open out.tr w]

$ns trace-all $nd

#

proc finish {} {

        global ns nf nd

        $ns flush-trace

        close $nf

        close $nd

        # NAM

        exec nam out.nam &

        exit 0
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3-5 

TCP UDP

}

# , s1 id 0, s2 id 1

set s1 [$ns node]

set s2 [$ns node]

# , r id 2

set r [$ns node]

# , d id 3

set d [$ns node]

#s1-r 2Mbps ,10ms ,DropTail

#s2-r 2Mbps ,10ms ,DropTail

#r-d 1.7Mbps ,20ms ,DropTail

$ns duplex-link $s1 $r 2Mb 10ms DropTail

$ns duplex-link $s2 $r 2Mb 10ms DropTail

$ns duplex-link $r $d 1.7Mb 20ms DropTail

# r d Queue Limit 10

$ns queue-limit $r $d 10

# NAM

$ns duplex-link-op $s1 $r orient right-down

$ns duplex-link-op $s2 $r orient right-up

$ns duplex-link-op $r $d orient right

# r d queue NAM

$ns duplex-link-op $r $d queuePos 0.5

# TCP

set tcp [new Agent/TCP]

$ns attach-agent $s1 $tcp

set sink [new Agent/TCPSink]

$ns attach-agent $d $sink

$ns connect $tcp $sink

# NAM TCP

$tcp set fid_ 1
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NS2

 3-6

# TCP FTP

set ftp [new Application/FTP]

$ftp attach-agent $tcp

$ftp set type_ FTP

# UDP

set udp [new Agent/UDP]

$ns attach-agent $s2 $udp

set null [new Agent/Null]

$ns attach-agent $d $null

$ns connect $udp $null

# NAM UDP

$udp set fid_ 2

# UDP CBR

set cbr [new Application/Traffic/CBR]

$cbr attach-agent $udp

$cbr set type_ CBR

# 1000 byte

$cbr set packet_size_ 1000

# 1Mbps

$cbr set rate_ 1mb

$cbr set random_ false

# FTP CBR

$ns at 0.1 "$cbr start"

$ns at 1.0 "$ftp start"

$ns at 4.0 "$ftp stop"

$ns at 4.5 "$cbr stop"

# TCP ( )

$ns at 4.5 "$ns detach-agent $s1 $tcp"

$ns at 4.5 "$ns detach-agent $d $sink"

# 5 finish (
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3-7 

TCP UDP

# 5 )

$ns at 5.0 "finish"

#

$ns run

 

($ cygwin ) TCL script

$ startxwin.bat

$ ns exp3.tcl

 

exp3.tcl out.tr( ) out.nam
(NAM )

 NAM (  )
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NS2

 3-8

S2

S1

r d
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3-9 

TCP UDP

1. 

NAM

out.tr

0.1 1 2 cbr 1000 ------- 2 1.0 3.1 0 0

0.1 1 2 cbr 1000 ------- 2 1.0 3.1 0 0

0.108 1 2 cbr 1000 ------- 2 1.0 3.1 1 1

0.108 1 2 cbr 1000 ------- 2 1.0 3.1 1 1

r 0.114 1 2 cbr 1000 ------- 2 1.0 3.1 0 0

0.114 2 3 cbr 1000 ------- 2 1.0 3.1 0 0

0.114 2 3 cbr 1000 ------- 2 1.0 3.1 0 0

0.116 1 2 cbr 1000 ------- 2 1.0 3.1 2 2

0.116 1 2 cbr 1000 ------- 2 1.0 3.1 2 2

r 0.122 1 2 cbr 1000 ------- 2 1.0 3.1 1 1

0.122 2 3 cbr 1000 ------- 2 1.0 3.1 1 1

.......................................................................................................

event time from to pkt pkt flags fid src dst seq pkt id
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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NS2

 3-10

"r"
"+" "-" "d"

( from node to node)

a.b
a b (port number)

id

pakcet id
0 id 2 0 1000 bytes CBR
1.0 3.1 0.1 1(s2) 2(r)

2. awk

2.1

awk awk
(Interpreter) (Typeless)
(Associative Array) awk

awk awk
(Record) (Field) awk pipe

 Shell Shell
awk awk

2.2 awk

awk
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3-11 

TCP UDP

2.2.1

a. awk awk

   0.1  1  2  cbr  1000  -------  2  1.0  3.1  0  0

   0.1  1  2  cbr  1000  -------  2  1.0  3.1  0  0

b. (Field)

  0.1  1  2  cbr  1000  -------  2  1.0  3.1  0  0

0.1 1 2 cbr 1000 ------- 2 1.0 3.1 0 0

awk

$0 , awk
$1  $0 
$2  $0 

2.2.2

Pattern1 { Actions1 }

Pattern2 { Actions2 }

Pattern3 { Actions3 }
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NS2

 3-12

Pattern

x  3 x 3

x == 5  x 5

awk c

Actions awk awk c

IO print  printf( ) getline ......

  if ( ...) {...} else { }  while( ){ } 

awk Pattern (True)
Actions False Actions Pattern
awk Actions

2.2.3 awk , 

(Update)

 Pattern { Actions } 

 Pattern { Actions }
1 4

awk
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TCP UDP

2.3  (End-to-End Delay) ( Exp3\measure-
delay.awk)

# CBR awk

BEGIN {

# ID

     highest_packet_id = 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;

# packet ID

   if ( packet_id > highest_packet_id )

      highest_packet_id = packet_id;

#

   if ( start_time[packet_id] == 0 )

      start_time[packet_id] = time;

# CBR (flow_id=2) 

   if ( flow_id == 2 && action != "d" ) {

      if ( action == "r" ) {

         end_time[packet_id] = time;
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      }

   } else {

# flow_id=2 flow_id=2 drop -1

      end_time[packet_id] = -1;

   }

}

END {

#

    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;

#

       if ( start < end ) printf("%f %f\n", start,

packet_duration);

   }

}

 ($ cygwin shell )

$awk -f measure-delay.awk out.tr

cbr_delay

$awk -f measure-delay.awk out.tr > cbr_delay
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0.100000 0.038706

0.108000 0.038706

0.116000 0.038706

0.124000 0.038706

0.132000 0.038706

2.4 (jitter) ( Exp3\measure-jitter.awk)

(delay variance)

# CBR jitter awk

# jitter ((recvtime(j)-sendtime(j))-(recvtime(i)-

# sendtime(i)))/(j-i),  j>i

BEGIN {

# ID

     highest_packet_id = 0;

}

{

   action = $1;

   time = $2;

   from = $3;

   to = $4;

   type = $5;

   pktsize = $6;

   flow_id = $8;
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   src = $9;

   dst = $10;

   seq_no = $11;

   packet_id = $12;

# packet ID

   if ( packet_id > highest_packet_id ) {

   highest_packet_id = packet_id;

}

#

   if ( start_time[packet_id] == 0 )  {

   # seq_no

   pkt_seqno[packet_id] = seq_no;

   start_time[packet_id] = time;

   }

# CBR (flow_id=2) 

   if ( flow_id == 2 && action != "d" ) {

      if ( action == "r" ) {

       end_time[packet_id] = time;

      }

    } else {

# flow_id=2 flow_id=2 -1

      end_time[packet_id] = -1;

   }

}

END {

# jitter

last_seqno = 0;

last_delay = 0;

seqno_diff = 0;

#
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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;

#

       if ( start < end ) {

       # delay (packet_duration) jitter

       seqno_diff = pkt_seqno[packet_id] - last_seqno;

       delay_diff = packet_duration - last_delay;

       if (seqno_diff == 0) {

       jitter =0;

       } else {

       jitter = delay_diff/seqno_diff;

       }

       printf("%f %f\n", start, jitter);

       last_seqno = pkt_seqno[packet_id];

       last_delay = packet_duration;

       }

    }

}

 ($ cygwin shell )

$awk -f measure-jitter.awk out.tr

cbr_jitter

$awk -f measure-jitter.awk out.tr > cbr_jitter
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0.100000 0.000000

0.108000 0.000000

0.116000 0.000000

........ ........

2.5 (packet loss) ( Exp3\measure-loss.awk)

# CBR awk

BEGIN {

# , packet drop

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;

# n1 packets

if (from==1 && to==2 && action == "+")

numFs++;
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TCP UDP

# flow_id 2, drop

if (flow_id==2 && action == "d")

fsDrops++;

}

END {

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

}

 ($ cygwin shell )

$awk -f measure-loss.awk out.tr

 

number of packets sent: 550  lost:8

CBR 550 8

2.6 (throughput) ( Exp3\measure-throughput.awk)

# CBR (average throughput) awk

BEGIN {

init=0;

i=0;

}

{

   action = $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 {

# throughput

printf("%.2f\t%.2f\n", end_time[0], 0);

for(j=1 ; j<i ; j++){

# kbps

th = pkt_byte_sum[j] / (end_time[j] - start_time)*8/1000;

printf("%.2f\t%.2f\n", end_time[j], th);

}

# throughput

printf("%.2f\t%.2f\n", end_time[i-1], 0);

}


