
��

3DUW�,,��QV�,QWHUQDOV
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2XWOLQH

)XQGDPHQWDO�FRQFHSW

� 6SOLW�REMHFW��&���27FO�OLQNDJH

3OXPELQJ

� :LUHG

� :LUHOHVV

6FDOLQJ
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27FO DQG�&����7KH�'XDOLW\

&�� 27FO

3XUH�&��
REMHFWV

3XUH�27FO
REMHFWV

&���27FO�VSOLW�REMHFWV

QV
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&���27FO�/LQNDJH

5RRW�RI�QV���REMHFW�KLHUDUFK\�

ELQG����OLQN�YDULDEOH�YDOXHV�EHWZHHQ�
&���DQG�27FO�7FO2EMHFW�

FRPPDQG����OLQN�27FO�PHWKRGV�WR�&���
LPSOHPHQWDWLRQV�

7FO&ODVV� &UHDWH�DQG�LQLWLDOL]H�7FO2EMHFW¶V�

7FO� &���PHWKRGV�WR�DFFHVV�7FO�LQWHUSUHWHU�

7FO&RPPDQG� 6WDQGDORQH�JOREDO�FRPPDQGV�

(PEHGGHG7FO� QV�VFULSW�LQLWLDOL]DWLRQ�
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7FO2EMHFW

%DVLF�KLHUDUFK\�LQ�QV�IRU�VSOLW�REMHFWV

0LUURUHG�LQ�ERWK�&���DQG�27FO

([DPSOH

set tcp [new Agent/TCP]set tcp [new Agent/TCP]

$tcp set packetSize_ 1024$tcp set packetSize_ 1024

$tcp advanceby 5000$tcp advanceby 5000
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7FO2EMHFW��+LHUDUFK\�DQG�6KDGRZLQJ

7FO2EMHFW

$JHQW

$JHQW�7&3

$JHQW�7&3�27FO�
VKDGRZ�REMHFW

BR���

$JHQW�7&3�&���
REMHFW


WFS

7FO2EMHFW

$JHQW

7FS$JHQW

27FO�FODVV
KLHUDUFK\

&���FODVV
KLHUDUFK\



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

7FO2EMHFW��ELQG��

/LQN�&���PHPEHU�YDULDEOHV�WR�27FO�REMHFW�
YDULDEOHV

&��
TcpAgent::TcpAgent() {

bind(“ window_ ”, &wnd_);

… …

}

� ELQGBWLPH����ELQGBERRO����ELQGBEZ��

27FO
set tcp [new Agent/TCP]set tcp [new Agent/TCP]

$tcp set window_ 200$tcp set window_ 200



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

,QLWLDOL]DWLRQ�RI�%RXQG�9DULDEOHV

,QLWLDOL]DWLRQ�WKURXJK�27FO�FODVV�
YDULDEOHV

Agent/TCP set Agent/TCP set window_window_ 5050

'R�DOO�LQLWLDOL]DWLRQ�RI�ERXQG�YDULDEOHV�LQ�
aQV�OLE�QV�GHIDXOW�WFO

� 2WKHUZLVH�D�ZDUQLQJ�ZLOO�EH�LVVXHG�ZKHQ�
WKH�VKDGRZ�REMHFW�LV�FUHDWHG
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,PSOHPHQWDWLRQ�RI�%RXQG�9DULDEOHV

&ODVV�,QVW9DU

� 2QH�REMHFW�SHU�ERXQG�YDULDEOH�± H[SHQVLYH�

� ,QVW9DU,QW��,QVW9DU5HDO��«

&UHDWHG�E\�7FO2EMHFW��ELQG��

� &UHDWH�LQVWDQFH�YDULDEOH�LQ�27FO�VWDFN

� (QDEOH�WUDS�UHDG�ZULWH�WR�27FO�YDULDEOH�XVLQJ�
Tcl_TraceVar()Tcl_TraceVar()

� &RQQHFW�WR�&���YDULDEOH�LQ�WKH�WUDS
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7FO2EMHFW��FRPPDQG��

,PSOHPHQW�27FO�PHWKRGV�LQ�&��

7UDS�SRLQW��27FO�PHWKRG�FPG^`

6HQG�DOO�DUJXPHQWV�DIWHU�FPG^`�FDOO�WR�
7FO2EMHFW��FRPPDQG��
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7FO2EMHFW��FRPPDQG��

OTcl
set tcp [new Agent/TCP]

$tcp advance 10

C++
int TcpAgent::command(int argc, 

const char*const* argv) {
if (argc == 3) {

if (strcmp(argv[1], “ advance ”) == 0) {
int newseq = atoi(argv[2]);
……
return(TCL_OK);

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

}
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7FO2EMHFW��FRPPDQG��

�WFS�VHQG 7FO2EMHFW��XQNQRZQ^` �WFS�FPG�VHQG
QR�VXFK
SURFHGXUH

7FS$JHQW��FRPPDQG��

PDWFK�
³VHQG´"

,QYRNH�SDUHQW��
UHWXUQ�$JHQW��FRPPDQG��

SURFHVV�DQG�UHWXUQ

<HV 1R

27FO�VSDFH

&���VSDFH
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7FO2EMHFW��&UHDWLRQ�DQG�'HOHWLRQ

*OREDO�SURFHGXUHV��QHZ^`��GHOHWH^`

([DPSOH

set tcp [new Agent/TCP]set tcp [new Agent/TCP]

……

delete $tcpdelete $tcp
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&��

27FO

7FO2EMHFW��&UHDWLRQ�DQG�'HOHWLRQ

LQYRNH�SDUHQW
FRQVWUXFWRU

$JHQW�7&3
FRQVWUXFWRU

SDUHQW
FRQVWUXFWRU

LQYRNH�SDUHQW
FRQVWUXFWRU

7FO2EMHFW
FRQVWUXFWRU

FUHDWH�&��
REMHFW

$JHQW7&3
FRQVWUXFWRU

LQYRNH�SDUHQW
FRQVWUXFWRU

LQYRNH�SDUHQW
FRQVWUXFWRU

SDUHQW��$JHQW�
FRQVWUXFWRU

GR�QRWKLQJ�
UHWXUQ

7FO2EMHFW��&���
FRQVWUXFWRU

ELQG�YDULDEOHV
DQG�UHWXUQ

ELQG�YDULDEOHV
DQG�UHWXUQ

FUHDWH�27FO
VKDGRZ�REMHFW

FRPSOHWH�
LQLWLDOL]DWLRQ

FRPSOHWH�
LQLWLDOL]DWLRQ

ZKLFK�&���
REMHFW�WR�FUHDWH"�
± 7FO&ODVV
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7FO&ODVV

7FO2EMHFW

$JHQW

$JHQW�7&3

7FO2EMHFW

$JHQW

7FS$JHQW

1V2EMHFW ""

27FO&�� PLUURULQJStatic class TcpClass : public TclClass {
public:

TcpClass() : TclClass(“Agent/TCP ”) {}
TclObject* create(int, const char*const*) {

return (new TcpAgent ());
}

} class_tcp;

Static class TcpClass : public TclClass {
public:

TcpClass() : TclClass(“Agent/TCP ”) {}
TclObject* create(int, const char*const*) {

return (new TcpAgent ());
}

} class_tcp;



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

7FO&ODVV��0HFKDQLVP

,QLWLDOL]DWLRQ�DW�UXQWLPH�VWDUWXS

6SOLW2EMHFW��UHJLVWHU^`�
&UHDWH�DQG�UHJLVWHU�
27FO�FODVV�$JHQW�7&3

7FO&ODVV��LQLW��

IRU�HDFK�VWDWLFDOO\
GHILQHG�7FO&ODVV

7FS&ODVV��ELQG��

H�J�

$JHQW�7&3��FUHDWH�VKDGRZ^`�
Æ7FO&ODVV��FUHDWHBVKDGRZ��
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&ODVV�7FO

6LQJOHWRQ�FODVV�ZLWK�D�KDQGOH�WR�7FO�
LQWHUSUHWHU

8VDJH

� ,QYRNH�27FO�SURFHGXUH

� 2EWDLQ�27FO�HYDOXDWLRQ�UHVXOWV

� 3DVV�D�UHVXOW�VWULQJ�WR�27FO

� 5HWXUQ�VXFFHVV�IDLOXUH�FRGH�WR�27FO
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&ODVV�7FO

Tcl& tcl = Tcl::instance ();
if (argc == 2) {

if (strcmp(argv[1], “now”) == 0) {
tcl.resultf (“%g”, clock());
return TCL_OK;

}
tcl.error (“command not found”);
return TCL_ERROR;

} else if (argc == 3) {
tcl.eval (argv[2]);
clock_ = atof( tcl.result ());
return TCL_OK;

}
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&ODVV�7FO&RPPDQG

&���LPSOHPHQWDWLRQ�RI�JOREDO�27FO�FRPPDQGV

class RandomCommand : public TclCommand {

public:

RandomCommand() : TclCommand("ns-random") {}

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

};

int RandomCommand::command(int argc, const char*const* argv)

{

Tcl& tcl = Tcl::instance();

if (argc == 1) {

sprintf(tcl.buffer(), "%u", Random::random());

tcl.result(tcl.buffer());

}
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(PEHGGHG7FO

3UH�ORDG�27FO�VFULSWV�DW�QV�UXQWLPH�VWDUWXS
� 5HFXUVLYHO\�ORDG�~ns/tcl/lib/ns~ns/tcl/lib/ns -- lib.tcl:lib.tcl:

source nssource ns -- autoconf.tclautoconf.tcl

source nssource ns -- address.tcladdress.tcl

source nssource ns -- node.tclnode.tcl

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

� /RDG�HYHU\WKLQJ�LQWR�D�VLQJOH�&���VWULQJ

� ([HFXWH�WKLV�VWULQJ�DW�UXQWLPH�VWDUWXS

7FO��LQLW����ORDG�~tclcl/tcl~tclcl/tcl -- object.tclobject.tcl

7FOB$SS,QLW����ORDG�~ns/tcl/lib/ns~ns/tcl/lib/ns -- lib.tcllib.tcl
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(PEHGGHG7FO

+RZ�LW�ZRUNV

�� tcl2c++tcl2c++ ��SURYLGHG�E\�7FO&/��FRQYHUWV�WFO�

VFULSWV�LQWR�D�&���VWDWLF�FKDUDFWHU�DUUD\

� 0DNHILOH�LQ�
tclsh8.0 bin/tcltclsh8.0 bin/tcl -- expand.tcl tcl/lib/nsexpand.tcl tcl/lib/ns --

lib.tcl | tcl2c++ et_ns_lib > lib.tcl | tcl2c++ et_ns_lib > 
gen/ns_tcl.ccgen/ns_tcl.cc
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6XPPDU\

7FO2EMHFW
� 8QLILHG�LQWHUSUHWHG��27FO��DQG�FRPSLOHG�
�&����FODVV�KLHUDUFKLHV

� 6HDPOHVV�DFFHVV��SURFHGXUH�FDOO�DQG�
YDULDEOH�DFFHVV��EHWZHHQ�27FO�DQG�&��

7FO&ODVV
� 7KH�PHFKDQLVP�WKDW�PDNHV�7FO2EMHFW�ZRUN

7FO��SULPLWLYHV�WR�DFFHVV�7FO�LQWHUSUHWHU
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2XWOLQH

)XQGDPHQWDO�FRQFHSW

� 6SOLW�REMHFW

3OXPELQJ

� :LUHG�ZRUOG

� :LUHOHVV�ZRUOG

6FDOLQJ
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QV�,QWHUQDOV

'LVFUHWH�HYHQW�VFKHGXOHU

1HWZRUN�WRSRORJ\

5RXWLQJ

7UDQVSRUW

3DFNHW�IORZ

3DFNHW�IRUPDW

$SSOLFDWLRQ
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'LVFUHWH�(YHQW�6FKHGXOHU

WLPHB��XLGB��QH[WB��KDQGOHUB

KHDGB��!
KHDGB��!

7KUHH�W\SHV�RI�VFKHGXOHUV
� /LVW��VLPSOH�OLQNHG�OLVW��RUGHU�SUHVHUYLQJ��2�1��

� +HDS��2�ORJ1�

� &DOHQGDU��KDVK�EDVHG��IDVWHVW��2���

KDQGOHUB��!�KDQGOH��

WLPHB��XLGB��QH[WB��KDQGOHUB

UHVFKHGXOH

LQVHUW
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1HWZRUN�7RSRORJ\��1RGH

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

1RGH�HQWU\

8QLFDVW�
1RGH

0XOWLFDVW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

1RGH�HQWU\

0XOWLFDVW�
1RGH

PXOWLFODVVLILHUB
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1HWZRUN�7RSRORJ\��/LQN

Q� Q�

HQT7B TXHXHB GHT7B

GURSKHDGB GUS7B

OLQNB WWOB

Q��
HQWU\BKHDGB

WUDFLQJ VLPSOH[�OLQN

GXSOH[�OLQN
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5RXWLQJ�

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

1RGH�HQWU\ �

�
HQT7B TXHXHB GHT7B

GURSKHDGB GUS7B

OLQNB WWOB

Q��
HQWU\
B

KHDGB
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5RXWLQJ��FRQ¶W�

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�

�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�

�
/LQN�Q��Q�

/LQN�Q��Q�
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7UDQVSRUW

�

�

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�
$JHQW�7&3

DJHQWVB

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�

�
/LQN�Q��Q�

/LQN�Q��Q�

� $JHQW�7&36LQN

DJHQWVB

GVWB ��� GVWB ���
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$SSOLFDWLRQ��7UDIILF�*HQHUDWRU

�

�

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�
$JHQW�7&3

DJHQWVB

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

FODVVLILHUB

GPX[B

HQWU\B

�

�
/LQN�Q��Q�

/LQN�Q��Q�

�
$JHQW�7&36LQN

DJHQWVB

GVWB ��� GVWB ���

$SSOLFDWLRQ�)73
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3OXPELQJ��3DFNHW�)ORZ

�

�

Q� Q�

$GGU�
&ODVVLILHU

3RUW�
&ODVVLILHU

HQWU\B

�
$JHQW�7&3 $GGU�

&ODVVLILHU

3RUW�
&ODVVLILHU

HQWU\B

�

�
/LQN�Q��Q�

/LQN�Q��Q�

�
$JHQW�7&36LQN

GVWB ��� GVWB ���

$SSOLFDWLRQ�)73
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3DFNHW�)RUPDW

KHDGHU

GDWD

LS�KHDGHU

WFS�KHDGHU

UWS�KHDGHU

WUDFH�KHDGHU

FPQ�KHDGHU

���

WVB

SW\SHB

XLGB

VL]HB

LIDFHB
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2XWOLQH

)XQGDPHQWDO�FRQFHSW

� 6SOLW�REMHFW

3OXPELQJ

� :LUHG�ZRUOG

� :LUHOHVV�ZRUOG

QV�VFDOLQJ



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

$EVWUDFW�WKH�5HDO :RUOG

3DFNHW�KHDGHUV

0RELOH�QRGH

:LUHOHVV�FKDQQHO

)RUZDUGLQJ�DQG�URXWLQJ

9LVXDOL]DWLRQ
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:LUHOHVV�3DFNHW�)RUPDW

KHDGHU

GDWD

WVB

SW\SHB

XLGB

VL]HB

LIDFHB

,3�KHDGHU

������

FPQ�KHDGHU

//

0$&����B��

������

$53

ZLUHOHVV�
KHDGHUV
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0RELOH 1RGH $EVWUDFWLRQ

/RFDWLRQ

� &RRUGLQDWHV �[�\�]�

0RYHPHQW

� 6SHHG��GLUHFWLRQ��VWDUWLQJ�HQGLQJ�ORFDWLRQ��
WLPH ���
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3RUWUDLW�RI�$�0RELOH 1RGH

1RGH

$53

3URSDJDWLRQ�
DQG�DQWHQQD�
PRGHOV�

0RELOH1RGH

//

0$&

3+<

//

&+$11(/

//

0$&

3+<

&ODVVLILHU��)RUZDUGLQJ

$JHQW��3URWRFRO�(QWLW\

1RGH�(QWU\

//��/LQN OD\HU�REMHFW

,)4��,QWHUIDFH TXHXH

0$&��0DF REMHFW

3+<��1HW LQWHUIDFH

SURWRFRO
DJHQW

URXWLQJ
DJHQW

DGGU
FODVVLILHU

SRUW
FODVVLILHU

���

,)4
,)4

GHIDXOWWDUJHWB
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0RELOH�1RGH��&RPSRQHQWV

/LQN�/D\HU

� 6DPH�DV�/$1��EXW�ZLWK�D�VHSDUDWH�$53�PRGXOH

,QWHUIDFH�TXHXH

� *LYH�SULRULW\�WR�URXWLQJ�SURWRFRO�SDFNHWV

0DF�/D\HU

� ,(((�������

� 576�&76�'$7$�$&.�IRU�DOO�XQLFDVW�SDFNHWV

� '$7$�IRU�DOO�EURDGFDVW�SDFNHWV
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0RELOH�1RGH��&RPSRQHQWV

1HWZRUN�LQWHUIDFH��3+<�
� 3DUDPHWHUV�EDVHG�RQ�'LUHFW�6HTXHQFH�6SUHDG�
6SHFWUXP��:DYH/DQ�

� ,QWHUIDFH�ZLWK��DQWHQQD�DQG�SURSDJDWLRQ�PRGHOV

� 8SGDWH�HQHUJ\��WUDQVPLVVLRQ�DQG�UHFHSWLRQ

5DGLR�3URSDJDWLRQ�0RGHO
� )ULVV�VSDFH�DWWHQXDWLRQ���U���DW�QHDU�GLVWDQFH

� 7ZR�UD\�*URXQG����U���DW�IDU�GLVWDQFH

$QWHQQD
� 2PQL�GLUHFWLRQDO��XQLW\�JDLQ
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:LUHOHVV�&KDQQHO

'XSOLFDWH�SDFNHWV�WR�DOO�PRELOH�QRGHV�
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