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$JHQW�0HVVDJH��6WHS��

'HILQH�VHQGHU
class Sender class Sender ––superclasssuperclass Agent/MessageAgent/Message

# Message format: “# Message format: “ AddrAddr OpOp SeqNoSeqNo””

SenderSender instprocinstproc sendsend -- next {} {next {} {

$self$self instvar seqinstvar seq _ agent__ agent_ addraddr __

$self send “$agent_$self send “$agent_ addraddr _ send $_ send $ seqseq _”_”

incr seqincr seq__

global nsglobal ns

$ns at [$ns at [exprexpr [$ns now]+0.1] "$self send[$ns now]+0.1] "$self send--next"next"

}}

��86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

'HILQH�VHQGHU�SDFNHW�SURFHVVLQJ

SenderSender instproc instproc recvrecv msgmsg {{

$self$self instvarinstvar agent_agent_addraddr__

setset sdrsdr [[lindexlindex $$msgmsg 0]0]

setset seqseq [[lindexlindex $$msgmsg 2]2]

puts "Sender getsputs "Sender gets ackack $$seqseq from $from $sdrsdr""

}}
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$JHQW�0HVVDJH��6WHS��

'HILQH�UHFHLYHU�SDFNHW�SURFHVVLQJ

Class Receiver Class Receiver ––superclasssuperclass Agent/MessageAgent/Message

ReceiverReceiver instproc instproc recvrecv msgmsg {{

$self$self instvarinstvar agent_agent_ addraddr __

setset sdrsdr [[ lindexlindex $$msgmsg 0]0]

setset seqseq [[ lindexlindex $$msgmsg 2]2]

puts “Receiver getsputs “Receiver gets seqseq $$seqseq from $from $ sdrsdr ””

$self send “$$self send “$ addraddr __ ackack $$seqseq ””

}}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

6FKHGXOHU�DQG�WUDFLQJ

# Create scheduler# Create scheduler

set ns [new Simulator]set ns [new Simulator]

# Turn on Tracing# Turn on Tracing

setset fdfd [new “message.[new “message. namnam” w]” w]

$ns$ns namtracenamtrace -- all $all $ fdfd

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

7RSRORJ\
for {set i 0} {$i < 6} {for {set i 0} {$i < 6} {incrincr i} {i} {

set n($i) [$ns node]set n($i) [$ns node]

}}

$ns duplex$ns duplex--link $n(0) $n(1) 128kb 50mslink $n(0) $n(1) 128kb 50ms DropTailDropTail

$ns duplex$ns duplex--link $n(1) $n(4) 10Mb 1mslink $n(1) $n(4) 10Mb 1ms DropTailDropTail

$ns duplex$ns duplex--link $n(1) $n(5) 10Mb 1mslink $n(1) $n(5) 10Mb 1ms DropTailDropTail

$ns duplex$ns duplex--link $n(0) $n(2) 10Mb 1mslink $n(0) $n(2) 10Mb 1ms DropTailDropTail

$ns duplex$ns duplex--link $n(0) $n(3) 10Mb 1mslink $n(0) $n(3) 10Mb 1ms DropTailDropTail

$ns queue$ns queue--limit $n(0) $n(1) 5limit $n(0) $n(1) 5

$ns queue$ns queue--limit $n(1) $n(0) 5limit $n(1) $n(0) 5

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

5RXWLQJ

# Packet loss produced by# Packet loss produced by queueingqueueing

# Routing protocol: let’s run distance vector# Routing protocol: let’s run distance vector

$ns$ns rtprotortproto DVDV
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

&URVV�WUDIILF
set udp0 [new Agent/UDP]set udp0 [new Agent/UDP]

$ns attach$ns attach--agent $n(2) $udp0agent $n(2) $udp0

set null0 [new Agent/NULL]set null0 [new Agent/NULL]

$ns attach$ns attach--agent $n(4) $null0agent $n(4) $null0

$ns connect $udp0 $null0$ns connect $udp0 $null0

set exp0 [new Application/Traffic/Exponential]set exp0 [new Application/Traffic/Exponential]

$exp0 set rate_ 128k$exp0 set rate_ 128k

$exp0 attach$exp0 attach--agent $udp0agent $udp0

$ns at 1.0 “$exp0 start”$ns at 1.0 “$exp0 start”

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

0HVVDJH�DJHQWV
setset sdrsdr [new Sender][new Sender]

$$sdrsdr setset packetSizepacketSize _ 1000_ 1000

setset rcvrrcvr [new Receiver][new Receiver]

$$rcvrrcvr setset packetSizepacketSize _ 40_ 40

$ns attach $n(3) $$ns attach $n(3) $ sdrsdr

$ns attach $n(5) $$ns attach $n(5) $ rcvrrcvr

$ns connect $$ns connect $ sdrsdr $$rcvrrcvr

$ns connect $$ns connect $ rcvrrcvr $$sdrsdr

$ns at 1.1 “$$ns at 1.1 “$ sdrsdr sendsend -- next”next”

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��6WHS��

(QG�RI�VLPXODWLRQ�ZUDSSHU��DV�XVXDO�

$ns at 2.0 finish$ns at 2.0 finish

proc finish {} {proc finish {} {

global nsglobal ns fdfd

$ns flush$ns flush--tracetrace

close $close $fdfd

exit 0exit 0

}}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH��5HVXOW

([DPSOH�RXWSXW
> ./ns msg.> ./ns msg.tcltcl

Receiver getsReceiver gets seqseq 0 from 00 from 0

Sender getsSender gets ackack 0 from 10 from 1

Receiver getsReceiver gets seqseq 1 from 01 from 0

Sender getsSender gets ackack 1 from 11 from 1

Receiver getsReceiver gets seqseq 2 from 02 from 0

Sender getsSender gets ackack 2 from 12 from 1

Receiver getsReceiver gets seqseq 3 from 03 from 0

Sender getsSender gets ackack 3 from 13 from 1

Receiver getsReceiver gets seqseq 4 from 04 from 0

Sender getsSender gets ackack 4 from 14 from 1

Receiver getsReceiver gets seqseq 5 from 05 from 0
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$GG�<RXU�&KDQJH�LQWR�QV

WFO�OLE�QV�OLE�WFO
Class SimulatorClass Simulator

……

source ../source ../ mysrcmysrc /msg./msg. tcltcl

0DNHILOH
NS_TCL_LIB = NS_TCL_LIB = \\

tcltcl // mysrcmysrc /msg./msg. tcltcl \\

……

n 2U��FKDQJH 0DNHILOH�LQ��makemake distcleandistclean��WKHQ�
./configure ./configure ----enableenable--debugdebug

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

2XWOLQH

([WHQGLQJ�QV
n ,Q 27FO
n ,Q�&��

w1HZ�FRPSRQHQWV

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

([WHQGLQJ�QV�LQ�&��

0RGLI\LQJ�FRGH
n PDNH�GHSHQG
n 5HFRPSLOH

$GGLQJ�FRGH�LQ�QHZ�ILOHV
n &KDQJH 0DNHILOH
n PDNH�GHSHQG
n UHFRPSLOH
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&UHDWLQJ�1HZ�&RPSRQHQWV

*XLGHOLQHV
7ZR�VW\OHV
n 1HZ�DJHQW�EDVHG�RQ�H[LVWLQJ�SDFNHW�
KHDGHUV

n $GG�QHZ�SDFNHW�KHDGHU

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

*XLGHOLQHV

'HFLGH�SRVLWLRQ�LQ�FODVV�KLHUDUFK\
n ,�H���ZKLFK�FODVV�WR�GHULYH�IURP"

&UHDWH�QHZ�SDFNHW�KHDGHU��LI�QHFHVVDU\�
&UHDWH�&���FODVV��ILOO�LQ�PHWKRGV
'HILQH 27FO OLQNDJH��LI�DQ\�
:ULWH 27FO FRGH��LI�DQ\�
%XLOG��DQG�GHEXJ�

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�$JHQW���2OG�+HDGHU

7&3�MXPS�VWDUW
n :LGH�RSHQ�WUDQVPLVVLRQ�ZLQGRZ�DW�WKH�
EHJLQQLQJ

n )URP cwndcwnd_ += 1_ += 1 7R cwndcwnd_ = MAXWIN__ = MAXWIN_

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

7&3�-XPS�6WDUW�± 6WHS��
7FO2EMHFW

1V2EMHFW

&RQQHFWRU &ODVVLILHU

'HOD\ $GGU&ODVVLILHU$JHQW 0FDVW&ODVLILHU4XHXH 7UDFH

'URS7DLO 5(' 7&3 (QT 'HT 'URS

5HQR 6$&. -6
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7&3�-XPS�6WDUW�± 6WHS��

1HZ�ILOH� WFS�MV�K

classclass JSTCPAgentJSTCPAgent : public: public TcpAgentTcpAgent {{

public:public:

virtual void set_initial_window() {virtual void set_initial_window() {

cwndcwnd_ = MAXWIN_;_ = MAXWIN_;

}}

private:private:

intint MAXWIN_;MAXWIN_;

};};

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

7&3�-XPS�6WDUW�± 6WHS��

1HZ�ILOH� WFS�MV�FF
static JSTcpClass : public TclClass {
public:

JSTcpClass() : TclClass("Agent/TCP/JS") {}
TclObject* create(int, const char*const*) {

return (new JSTcpAgent());
}

};
JSTcpAgent::JSTcpAgent() {

bind(“MAXWIN_”, MAXWIN_);

}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�3DFNHW�+HDGHU

&UHDWH�QHZ�KHDGHU�VWUXFWXUH
(QDEOH�WUDFLQJ�VXSSRUW�RI�QHZ�KHDGHU
&UHDWH�VWDWLF�FODVV�IRU�27FO�OLQNDJH�
�SDFNHW�K�
(QDEOH�QHZ�KHDGHU�LQ�27FO��WFO�OLE�QV�
SDFNHW�WFO�
7KLV�GRHV�QRW�DSSO\�ZKHQ�\RX�DGG�D�
QHZ�ILHOG�LQWR�DQ�H[LVWLQJ�KHDGHU�

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

+RZ�3DFNHW�+HDGHU�:RUNV
3DFNHW

QH[WB

KGUOHQB

ELWVB VL]H�GHWHUPLQHG
DW�FRPSLOH�WLPH

VL]H�GHWHUPLQHG
DW�FRPSLOH�WLPH

VL]H�GHWHUPLQHG
DW�FRPSLOH�WLPH

««

KGUBFPQ

KGUBLS

KGUBWFS

VL]H�GHWHUPLQHG
DW�VLPXODWRU
VWDUWXS�WLPH

�3DFNHW+HDGHU0DQDJHU�

3DFNHW+HDGHU�&RPPRQ

3DFNHW+HDGHU�,3

3DFNHW+HDGHU�7&3
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([DPSOH��$JHQW�0HVVDJH

1HZ�SDFNHW�KHDGHU�IRU����E\WH�
PHVVDJH
1HZ�WUDQVSRUW�DJHQW�WR�SURFHVV�WKLV�
QHZ�KHDGHU

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�3DFNHW�+HDGHU�± 6WHS��

&UHDWH�KHDGHU�VWUXFWXUH
struct hdr_msg {struct hdr_msg {

char msg_[64];char msg_[64];

static int offset_;static int offset_;

inline static int& offset() { return offset_; }inline static int& offset() { return offset_; }

inline static hdr_msg* access(Packet* p) {inline static hdr_msg* access(Packet* p) {

return (hdr_msg*) preturn (hdr_msg*) p-->access(offset_);>access(offset_);

}}

/* per/* per--field member functions */field member functions */

char* msg() { return (msg_); }char* msg() { return (msg_); }

int maxmsg() { return (sizeof(msg_)); }int maxmsg() { return (sizeof(msg_)); }

};};

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�3DFNHW�+HDGHU�± 6WHS��

3DFNHW+HDGHU�0HVVDJH
static class MessageHeaderClass : static class MessageHeaderClass : 

public PacketHeaderClass {public PacketHeaderClass {

public:public:

MessageHeaderClass() : MessageHeaderClass() : 
PacketHeaderClass("PacketHeader/Message",PacketHeaderClass("PacketHeader/Message",

sizeof(hdr_msg)) {sizeof(hdr_msg)) {

bind_offset(&hdr_msg::offset_);bind_offset(&hdr_msg::offset_);

}}

} class_msghdr;} class_msghdr;

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�3DFNHW�+HDGHU�± 6WHS��

(QDEOH�WUDFLQJ��SDFNHW�K��
enum packet_t {enum packet_t {

PT_TCP,PT_TCP,

…,…,

PT_MESSAGE,PT_MESSAGE,

PT_NTYPE // This MUST be the LAST onePT_NTYPE // This MUST be the LAST one

};};

class p_info {class p_info {

…………

name_[PT_MESSAGE] = “message”;name_[PT_MESSAGE] = “message”;

name_[PT_NTYPE]= "undefined";name_[PT_NTYPE]= "undefined";

…………

};};
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HZ�3DFNHW�+HDGHU�± 6WHS��

5HJLVWHU�QHZ�KHDGHU��WFO�OLE�QV�
SDFNHW�WFO�

foreach pair {foreach pair {

{ Common off_cmn_ }{ Common off_cmn_ }

……

{ Message off_msg_ }{ Message off_msg_ }

}}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

3DFNHW�+HDGHU��&DXWLRQ

6RPH�ROG�FRGH��H�J��
RtpAgentRtpAgent::::RtpAgentRtpAgent() {() {

…… …… 

bind(“off_bind(“off_ rtprtp _”, &off__”, &off_ rtprtp ););

}}

…………

hdrhdr __rtprtp ** rhrh = (= ( hdrhdr __rtprtp *)p*)p -- >access(off_>access(off_ rtprtp _);_);

'RQ¶W�IROORZ�WKLV�H[DPSOH�

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH�± 6WHS��
7FO2EMHFW

1V2EMHFW

&RQQHFWRU &ODVVLILHU

'HOD\ $GGU&ODVVLILHU$JHQW 0FDVW&ODVLILHU4XHXH 7UDFH

'URS7DLO 5(' 7&3 (QT 'HT 'URS

5HQR 6$&.

0HVVDJH

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH�± 6WHS��

&���FODVV�GHILQLWLRQ
// Standard split object declaration// Standard split object declaration

static …static …

class MessageAgent : public Agent {class MessageAgent : public Agent {

public:public:

MessageAgent() : Agent(MessageAgent() : Agent( PT_MESSAGEPT_MESSAGE) {}) {}

virtual int command(int argc, const char*const* virtual int command(int argc, const char*const* 
argv);argv);

virtual void recv(Packet*, Handler*);virtual void recv(Packet*, Handler*);

};};
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH�± 6WHS��

3DFNHW�SURFHVVLQJ��VHQG
int MessageAgent::command(int, const char*const* argv)int MessageAgent::command(int, const char*const* argv)

{{

Tcl& tcl = Tcl::instance();Tcl& tcl = Tcl::instance();

if (strcmp(argv[1], "send") == 0) {if (strcmp(argv[1], "send") == 0) {

Packet* pkt = allocpkt();Packet* pkt = allocpkt();

hdr_msg* mh = hdr_msg::access(pkt);hdr_msg* mh = hdr_msg::access(pkt);

// We ignore message size check...// We ignore message size check...

strcpy(mhstrcpy(mh-->msg(), argv[2]);>msg(), argv[2]);

send(pkt, 0);send(pkt, 0);

return (TCL_OK);return (TCL_OK);

}}

return (Agent::command(argc, argv));return (Agent::command(argc, argv));

}}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH�± 6WHS��

3DFNHW�SURFHVVLQJ��UHFHLYH
void MessageAgent::recv(Packet* pkt, Handler*)void MessageAgent::recv(Packet* pkt, Handler*)

{{

hdr_msg* mh = hdr_msg::access(pkt);hdr_msg* mh = hdr_msg::access(pkt);

// OTcl callback// OTcl callback

char wrk[128];char wrk[128];

sprintf(wrk, "%s recv {%s}", name(), mhsprintf(wrk, "%s recv {%s}", name(), mh-->msg());>msg());

Tcl& tcl = Tcl::instance();Tcl& tcl = Tcl::instance();

tcl.eval(wrk);tcl.eval(wrk);

Packet::free(pkt);Packet::free(pkt);

}}

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

2XWOLQH

([WHQGLQJ�QV
n ,Q�27FO
n ,Q�&��
n 'HEXJJLQJ��27FO�&����PHPRU\
n 3LWIDOOV

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

'HEXJJLQJ�&���LQ�QV

&���27FO�GHEXJJLQJ

0HPRU\�GHEXJJLQJ
n SXULI\
n GPDOORF
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&���27FO�'HEXJJLQJ

8VXDO�WHFKQLTXH
n %UHDN�LQVLGH�FRPPDQG��
n &DQQRW�H[DPLQH�VWDWHV�LQVLGH�27FO�

6ROXWLRQ
n ([HFXWH�WFO�GHEXJ�LQVLGH�JGE

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&���27FO�'HEXJJLQJ

(gdb) (gdb) call Tcl::instance().eval(“debug 1”)call Tcl::instance().eval(“debug 1”)

15: lappend auto_path $dbg_library15: lappend auto_path $dbg_library

dbg15.3> wdbg15.3> w

*0: application*0: application

15: lappend auto_path $dbg_library15: lappend auto_path $dbg_library

dbg15.4> Simulator info instancesdbg15.4> Simulator info instances

_o1_o1

dbg15.5> _o1 nowdbg15.5> _o1 now

00

dbg15.6> # and other fun stuffdbg15.6> # and other fun stuff

dbg15.7> dbg15.7> cc

(gdb) where(gdb) where

#0 0x102218 in write()#0 0x102218 in write()

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

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

0HPRU\�'HEXJJLQJ�LQ�QV

3XULI\
n 6HW�385,)<�PDFUR�LQ�QV�0DNHILOH
n 8VXDOO\��SXW��FROORFWRU �OGBSDWK!
*UD\�:DWVRQ¶V�GPDOORF�OLEUDU\
n KWWS���ZZZ�GPDOORF�FRP
n PDNH�GLVWFOHDQ
n ��FRQILJXUH���ZLWK�GPDOORF �GPDOORFBSDWK!
n $QDO\]H�UHVXOWV��GPDOORFBVXPPDUL]H

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

GPDOORF��8VDJH

7XUQ�RQ�GPDOORF
n DOLDV�GPDOORF�¶HYDO�µ?GPDOORF�±&�?�
C¶
n GPDOORF��O�ORJ�ORZ

GPDOORFBVXPPDUL]H�QV���ORJILOH
n QV�PXVW�EH�LQ�FXUUHQW�GLUHFWRU\
n ,WHPL]H�KRZ�PXFK�PHPRU\�LV�DOORFDWHG�LQ�
HDFK�IXQFWLRQ
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

3LWIDOOV

6FDODELOLW\�YV�IOH[LELOLW\
n 2U��KRZ�WR�ZULWH�VFDODEOH�VLPXODWLRQ"

0HPRU\�FRQVHUYDWLRQ�WLSV
0HPRU\�OHDNV

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

6FDODELOLW\�YV�)OH[LELOLW\

,W¶V�WHPSWLQJ�WR�ZULWH�DOO�27FO�VLPXODWLRQ
n %HQHILW��TXLFN�SURWRW\SLQJ
n &RVW��PHPRU\���UXQWLPH

6ROXWLRQ
n &RQWURO�WKH�JUDQXODULW\�RI�\RXU�VSOLW�REMHFW�
E\�PLJUDWLQJ�PHWKRGV�IURP�27FO�WR�&��

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

7+( 0HULW RI 27FO

3URJUDP�VL]H��FRPSOH[LW\

&�&�� 27FO

6PRRWKO\�DGMXVW WKH�JUDQXODULW\ RI�VFULSWLQJ�WR
EDODQFH�H[WHQVLELOLW\�DQG�SHUIRUPDQFH
:LWK�FRPSOHWH�FRPSDWLELOLW\�ZLWK�H[LVWLQJ�
VLPXODWLRQ�VFULSWV

KLJK ORZ

VSOLW�REMHFWV

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

2EMHFW�*UDQXODULW\�7LSV

)XQFWLRQDOLW\
n 3HU�SDFNHW�SURFHVVLQJ�Å &��
n +RRNV��IUHTXHQWO\�FKDQJLQJ�FRGH�Å 27FO

'DWD�PDQDJHPHQW
n &RPSOH[�ODUJH�GDWD�VWUXFWXUH�Å &��
n 2QH�WLPH�FRQILJXUDWLRQ�YDULDEOHV�Å 27FO
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

0HPRU\�&RQVHUYDWLRQ�7LSV

$YRLG�tracetrace--allall

8VH�DUUD\V�IRU�D�VHTXHQFH�RI�YDULDEOHV
n ,QVWHDG�RI�n$in$i��VD\�n($i)n($i)

$YRLG�27FO�WHPSRUDU\�YDULDEOHV
8VH�G\QDPLF�ELQGLQJ
nn delay_bind()delay_bind() LQVWHDG�RI�bind()bind()

n 6HH�REMHFW�^K�FF`

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

0HPRU\�/HDNV

3XULI\�RU�GPDOORF��EXW�EH�FDUHIXO�DERXW�
VSOLW�REMHFWV�
for {set i 0} {$i < 500} {incr i} {for {set i 0} {$i < 500} {incr i} {

set a [new RandomVariable/Constant]set a [new RandomVariable/Constant]

}}

n ,W�OHDNV�PHPRU\��EXW�FDQ¶W�EH�GHWHFWHG�
6ROXWLRQ
n ([SOLFLWO\�GHOHWH�(9(5<�VSOLW�REMHFW�WKDW�
ZDV�QHZ�HG

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

)LQDO�:RUG

0\�H[WHQGHG�QV�GXPSV�27FO�VFULSWV�
n )LQG�WKH�ODVW�������OLQHV�RI�WKH�GXPS
n ,V�WKH�HUURU�UHODWHG�WR�³BR


�FPG�«´�"

w &KHFN�\RXU�FRPPDQG��

n 2WKHUZLVH��FKHFN�WKH�RWFO�VFULSW�SRLQWHG�E\�
WKH�HUURU�PHVVDJH

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&DVH�6WXGLHV

1HWZRUN�/D\HU��1HWZRUN�,QWHUIDFH�
�SDFNHW�ODEHOHU�
7UDQVSRUW�/D\HU��7&3�-XPS�6WDUW
$SSOLFDWLRQ�/D\HU��0HVVDJH�DJHQW��SLQJ�
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&DVH����1HWZRUN�/D\HU

1HWZRUN�LQWHUIDFH��SDFNHW�ODEHOHU

Q�

1HWZRUN,QWHUIDFH�$ 1HWZRUN,QWHUIDFH�%

Q� Q�

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

QV�&ODVV�+LHUDUFK\��3DUWLDO�
7FO2EMHFW

1V2EMHFW

&RQQHFWRU &ODVVLILHU

'HOD\ $GGU&ODVVLILHU$JHQW 0FDVW&ODVLILHU4XHXH 7UDFH

'URS7DLO 5(' 7&3 (QT 'HT 'URS

5HQR 6$&.

1HWZRUN

,QWHUIDFH

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

1HWZRUN�,QWHUIDFH�/DEHOHU

class NetworkInterface
NetworkInterface()
recv(pkt) 

pkt->iface()=label
send(pkt)

target->recv(pkt)
command(argc, argv)

label: 
label_ = argv[1]

TclClass(“netiface”)

set iface [new netiface]
$iface label A

&�� 27FO

1HWZRUN,QWHUIDFH

FRPPDQG����ODEHO

QHWLIDFH

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&DVH����7UDQVSRUW�/D\HU

7&3�MXPS�VWDUW
n )URP�FZQG�� ��
n WR�FZQG� �0$;:,1
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

QV�&ODVV�+LHUDUFK\��3DUWLDO�
7FO2EMHFW

1V2EMHFW

&RQQHFWRU &ODVVLILHU

'HOD\ $GGU&ODVVLILHU$JHQW 0FDVW&ODVLILHU4XHXH 7UDFH

'URS7DLO 5(' 7&3 (QT 'HT 'URS

5HQR 6$&. -6

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

7&3�-XPS�6WDUW

&ODVV�-67&3$JHQW
n RSHQZLQ��
n VORZGRZQ��

7FO&ODVV�³$JHQW�7&3�-6´�

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&DVH����$SSOLFDWLRQ�/D\HU�

0HVVDJH�VHQGHU��SLQJ�

Q� Q� Q�

0HVVDJH�6HQGHU 0HVVDJH�5HFHLYHU

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

QV�&ODVV�+LHUDUFK\��3DUWLDO�
7FO2EMHFW

1V2EMHFW

&RQQHFWRU &ODVVLILHU

'HOD\ $GGU&ODVVLILHU$JHQW 0FDVW&ODVLILHU4XHXH 7UDFH

'URS7DLO 5(' 7&3 (QT 'HT 'URS

5HQR 6$&.

3LQJ
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����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

0HVVDJH�6HQGHU

class MessageAgent
MessageAgent()
recv()
send()
command()

send {send()}

TclClass(“Agent/Message”) 

&�� 27FO

MessageAgent Agent/Message

set msg [new Agent/Message]
$msg send

command(): send

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$JHQW�0HVVDJH�7DON"

:KDW�LI�ZH�ZDQW�WR�EXLOG�D�UHOLDEOH
PHVVDJH�DJHQW"
7ZR�FKRLFHV
n $GG�D�PHVVDJH�ILHOG�WR�7&3�KHDGHU��DQG�
PRGLI\�D�7&3�DJHQW�WR�KDQGOH�WKLV�ILHOG

n $SSOLFDWLRQ�OHYHO�GDWD

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$SSOLFDWLRQ�/HYHO�'DWD

1HZ�SDFNHW�KHDGHU
n 8QQHFHVVDULO\�RFFXSLHV�VSDFH

n 'LIILFXOW�WR�EXLOG�RQ�WRS�RI�WUDQVSRUW�SURWRFROV

$SSOLFDWLRQ�OHYHO�GDWD
n 2QO\�DOORFDWHG�IRU�VLPXODWLRQV�WKDW�XVH�WKHP

n (DV\�WR�LQWHUIDFH�ZLWK�WUDQVSRUW�SURWRFROV

n *HQHULF��H[WHQVLEOH�GDWD�UHSUHVHQWDWLRQ�AppDataAppData

n 8VH�packet::data_packet::data_


