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>?��-&/@ABC8 ��9:��;D>?EFGH�I
FGHJKLM TCPGNO�

�PQ�

RSTUN�VWXPY;IZFGH[\AB] ns ^_`a�bQ�DJKL

M"c initial window sized TCPPQ�ef�gh]ijklKmn�op initial window size

dPQ(qr�ef; 

stuv��wxyz{|��}~���xz{�TCP flow control�initial window size; 
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A?�e�ÂÃFÍ|ÎÏ���ÐAÑ¼ÒÓÔ Fk��Õ¼bÖ×ÂÃFØÑ¼ÙbÚÛ

ÜÝA nsFÞ�ßà|¼b�á5AN 

Í|. ���ÐA?�e�ÂÃ�µzâe¿Ô  

_Í|�cãä OPNET A½¾�~RåæFçèéê�ÌrÓA?�ëìFqí»5îï

ðcñF~ â�Fns O application layer A½¾� òFó½¾Õ¢ô`ALM(HTTP, FTP, 

Telnet)F�� ns O TCP õö÷~RÀÁAøhùFçè�Ì TCP A`ÆúÚûÌõöFüýñ

þ����F�c���ý��	
�5A�pF�cJK[\
{���� ns iÒÓ?�e

�F����A[\��õö� nsF�c ns ÌJK��GH�ALMF�c�rÌALMÔ 

VajkopN 

�¹â·Fns�Ì��A��9 

!" ��������	:�¶�A?�e�ÂÃ���ÌALMO|}e��µ�ÓFns Ùõö�ô

`?� !A�pN


!" ��
	����
�
	
�����	:
"#�Å$%f&'?�¥{'()*¤F+,�ÅA-.tuN�

!" ������������	:
/0õö|1opñAd#F��pY�23��Nnam(Network 

����� ��	
�[1]� ��	�
[2]� ���	
��4444[3]� ��[4]�

������������

������

Database, E-mail, FTP, HTTP, 
MTA, Remote login, Print, 
Voice Application, Video 
Conferencing, X Window 

  HTTP, FTP, Telnet, 
Constant- Bit-Rate, 
On/Off Source 

����������

������

TCP, UDP, NCP TCP, UDP ATP, NCP, TCP, 
NetBIOS, UDP 

UDP, TCP, Fack and 
Asym TCP, RTP, 
SRM,�RLM,PLM 

��������

����������

OSPF, BGP, IGRP, RIP, 
EIGRP, PIM-SM 

 RIP, Shortest 
Measured Delay, 
OSPF, Minimum 
Penalty, IGRP 

Session Routing, DV 
Routing, Centralized, 
dense mode, 
(bi-direction) shared 
tree mode  

	�������

������

IP, IPX IP IP, IPX IP 

����������

������

ATM, (Fast,Gigabit) Ethernet, 
EtherChannel, FDDI, FR, 
LANE, LAPB, STB, SNA, 
TR, X.25,802.11 

ATM, 
Ethernet, 
TR, FDDI 

CSMA/CD, 
ALOHA, TR, 
Token Bus, FDDI, 
X.25 

CSMA/CD, 
CSMA/CA, 
Multihop,802.11, 
TDMA 

���������

������

ISDN, SONET, xDSL  ISDN, SONET  
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Animation)õö!5678}9ÆA$:FL;[\8]g<�(N�

!" ���
	��������:� ÅZ��=¢>?—C++, OTclNC++�i`Æ@AA¶wFéB¨CAD

E'FéAGHIIF�cJÌ KAopNOTcl �iML'MN'O�8}e�A

�:F�cJÌ KAPn® !nN�

ÍQRÚST ns AUVFk�Wb REAL(Realistic and Large) [5]F� REAL b_ NEST 

(Network Simulation Testbed) [6]GH�iN�� nsX�çYºZÌ��FO

http://www.isi.edu/nsnam/ns/CHANGES.html �cãä8}��A logF�c÷2��A�pN�

� ns ®µ[A nam b VINT(Virtual InterNetwork Testbed)X5[7]A|¶�F\X5b_ DARPA

�];F^ÆD]éB USC/ISI, Xerox PARC, LBNL, c® UC BerkeleyF�AOõöY8'_

`ô`A?�e�tuNGHasFns ½¾AbcéB�¶� Unix (FreeBSD, Linux, SunOS, 

Solaris)Fd½¾ WindowsN����eÌvïÓA C++FfïÓA OTcl FÕïÓA-.¼CF

QïÓAÛCF�gb|}�DhA?�e�tuN 

ÍQ. ns SÒAUV 

 

��� ���������������������������

O�� ns â�F¦§÷2äi ns õö÷j1e¿�ckl��FÍÕ.>�µze¿ýcwm

�ÍN 

��������� ��������� �������� �������� ������������

Http/Server Http server 

Http/Client Http client HTTP 

Http/Cache cache 
FTP Application/FTP Simulates bulk data transfer 

Telnet Application/Telnet Exponential or random interval 
CBR Application/Traffic/CBR Constant-bit-rate source 

Application 
Layer 

On/Off source Application/Traffic/<type> <type>:Exponential, Pareto 

?�e�ÂÃ NEST REAL ns v1.0 ns v2.0 ns v2.1b6 

Zn 1988 1989 Jul 31 1995 Nov 6 1996 Jan 18 2000 
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UDP Agent/UDP UDP sender 
Agent/TCP “Tahoe” TCP sender 
Agent/TCP/Reno “Reno” TCP sender 
Agent/TCP/Reno/RBP Reno TCP with Rate-based pacing 
Agent/TCP/Newreno Reno with a modification 
Agent/TCP/Sack1 TCP with selective repeat (RFC 2018) 
Agent/TCP/Vegas TCP Vegas 
Agent/TCP/Vegas/RBP TCP Vegas with Rate-based pacing 
Agent/TCP/Fack Reno TCP with “forward ack” 
Agent/TCP/Asym Asymmetric bandwidth TCP sender 
Agent/TCP/RFC793edu RFC793 TCP 

TCP (sender) 

Agent/TCP/SackRH TCP Rate-Halving 
Agent/TCPSink TCP sink with one ACK per packet 
Agent/TCPSink/DelAck with configurable delay per packet 
Agent/TCPSink/Sack1 Selective ACK sink 
Agent/TCPSink/Sack1/DelAck Sack1 with DelAck 

TCP(receiver) 

Agent/TCPSink/Asym Asymmetric bandwidth TCP receiver 
TCP(2-way) Agent/TCP/FullTcp Experimental 2-way Reno TCP 

RTP Agent/RTP  
RTCP Agent/RTCP  
SRM Agent/SRM Scalable Reliable Multicast [8] 

Transport 
Layer 

PLM Agent/PLM Fast Convergence for Cumulative Layered 
Multicast Transmission [9] 

Unicast $ns rtproto <type> <type>:static, Manual, Session, DV Network 
Layer  Multicast $ns mrtproto <type> <type>:DM, CtrMcast, ST, BST 

ÍÕ. ns µze¿�Í 

ns Aµze¿��ghwD=mF|mbz�\oCFpq9 

set tcp [new Agent/TCP]  #z� Tahoe TCP Sender 

¡|mbcWMAghFpq: 

$ns mrtproto DM {}    #�� Dense Mode Multicast routing protocol 

ns õöA TCP e¿r�ÀÁFçèsB�ÌA TCP `ÆúÚFtab��[\GH�Aú

ÚN��F�KbuvA senderFwÌz�®xyz{A!Æ (SYN/FIN)Fd|UÅZ}vGH

�~Fsequence number bcFéÇu�N�1ûb���A TCPF�cZÌ|1�ôFq�e

�Z»5�l�ô`£¤F�cË���Ï�A FullTcp úÚFºwÌñ�A��N  

 

������������ �����	
�����	
�����	
�����	
����

!"#"��������� ���

,' A��:h®�����` �--����111�&'&�/0.�,',���,'�,'��.&30��-�3F����AghwÇ
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=¢F|¢bw���Ä}�»¼CF¡|¢b�� all-in-one ¼CFz�Ø|��� ns ���

�¸FÚÛcO linux A/home/ns ����� ns all-in-one ¼CÇp9 

1. wget http://www.isi.edu/nsnam/dist/ns-allinone-2.1b6a.tar.gz   

#����úA all-in-one ¼C 

2.  tar zxvf ns-allinone-2.1b6a.tar.gz   �2þ¼C 

3. cd ns-allinone-2.1b6/ 

4. ./install  #/��Ir��F�ÊË http://www.isi.edu/nsnam/ns/ns-problems.html 

5. O PATHtu�dýñ/home/ns/ns-allinone-2.1b6/bin 

6. O LD_LIBRARY_PATHtu�dýñ/home/ns/ns-allinone-2.1b6/otcl-1.0a5 

��� cd ns-2.1b6./validate #�ab±��l�FZn»5��Za|�Z�

�Ç����A all-in-one ¼Cb Jan 18 2000�IAF sdÌ|¡Z¢F�ân ns�lJ

K bugFý£�Ae¿F�b�� all-in-one ¼CA¤¥F�cz��cü����A ns daily 

snapshot ÒÓ��N�cO¦§ 4.â�F©� ns-2.1b6 Aµ¨©ªD�A ns daily snapshot üÒ

Ó��N��Y«�F�Ó nsF¬ ns-version º�cãä��A ns úÚ9 

ns@hades ~/ns-allinone-2.1b6 > ns 

% ns-version 

2.1b7-snapshot-20000803 

ns-allinone package b|¼­�A:hF��¥{q®|F�ÌA:h��O ns-allinone �}

���FC++:h��` ns-2.1 ��F� OTcl A¶�O ns-2.1/tcl ��Ftest ���b-.¼CF

ex ���b|1¯p:hN 

���� �������

	
 �� �
 �� 	�� �
� �	
 ��� �
 	
 �
 � ���� �� ��� ����

	
 � �

�� 	��	 ��� �
��	 �

 

 ® |. ns A���{ 
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!"$"� ��Aµ¶Aµ¶Aµ¶Aµ¶9999ÆÆÆÆ�

ns A��O`��=¢:h>?A¥{F|1Ô °±A²ÆFpq¨CADE'FéA³

HF�1¨£»5 �ADEC�F��|´YDº�ò»5��F�c�� C++b�KAàµN

¡·|g¶FO·[\Z�»5WM�ÅA?�tu'!&��LMAÊdF�1¨£��¸

Tcl �mAk¹h>?�JÌ KAPnNnsº� tclcl iz»=¢>?ânA�d®oCFO=

¢>?A�n ¼�F�½ ns DÇ¾¿�op��PnA?�e�ÂÃN 

!"!"����������ÜÜÜÜ�

ns �� MIT GHA OTcl (Object Tcl)·ÇÀ�'MN'�Óe�A>?FOTcl b Tcl AoC

ÁvÂÃúÚNÏ` C++:hWXÄi�FOTclÅ C++>UñÌç¥ÆÇn9 

!" C++��”//”·ÇuÓÈ2F� OTcl ��”#”N 

!" C++ópu|A classÉÊF� OTcl ���K�AMLNX�AML(�� instproc)�ý

|} method ä\ class�X�A�dML(�� setVO method ��� instvar)�ý|}

instance variable ä\ objectN  

!" OTcl �A init instproc ~R` C++�A constructorF� destroy instproc ~R` C++�

A destructorN 

!" OTcl �|M5º� object iËÌFOTcl �A self º~R` C++�A thisN 

O�� ns ÒÓ?�e�â�F¦§©�Z�}>?F�Íc|}�:hiÜÝ OTcl>UN 

���������� � � � � #ÉÊ|} class dad�
���������	
���������	��      #O dad�ý|} method greet�
� � � � � 
���
�������	�����    #O dad�ý|} instance variable age_�
� � � � � ������
�����
����������������������
����������� � � #�
�����Ç�dAÎ�
	�
�

���������������	���������� � #ÉÊ|} class kidÏÐ dad�
���������	
���������	���
� � � � � 
���
�������	������
� � � � � � ������
�����
��������������������������
	�
�
��������������    #+,|} dad A object�WM��d a�

�����������!"� � � #WM a �A�d age_Ç 45�
����#��������� �

#����������$"�

�������� � � � � � � � � #�Ó a A greet method�

#�������
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:hA�Ó��9 

!"�
����������������������
����

$"�
������������������%������

dad�Ó	
A greet() methodFÑÒ	
A age_�dF�cÓIiA��b 45ÔFc

®�Õ"how are you?"FÅÖ× kiddÓI	
A�ØNcñ�uAÜÝ�=}pÙF�\

�c�Ú÷2 OTclA>UF/»5Ò|¦A�~�cÊË ns/otcl/doc���Ì|� OTcl 

TutorialFb|��(A£ÛÛCN 

!"%"�e�Ae�Ae�Ae�A¦§¦§¦§¦§�

c ns ÒÓe��Ú�wÇÕ}¦§: 

a.z� network model: À�8}?�A¬­'¯°I��N 

b.z� traffic model: À��ÌA?�$%V()£¤AZn'mf'VÜÝ¢d�wÞN 

c.Rßw���: e�YD�F�^_ namàá8}$:FVb� nam file ��5A��âÒ

Iiýcw�N 

��������	
�����
�

���z�?�¬­�

z� nsoC: set ns [new Simulator] 

z�Í¥: set n0 [$ns node] 

z�z�:�$ns duplex-link $n0 $n1 <bandwidth> <delay> <queue_type>k�

<queue_type>�cb DropTail, RED, CBQ, FQ, SFQ, DRR 

z� LAN: $ns make-lan <node_list> <bandwidth> <delay> LL Queue/DropTail 

MAC/802.3 Channel 

/0�z�¥Ï¥A?�FÙ��z� LAN�}¦§N 

���àµ�_gh�

!" Unicast 

$ns rtproto <type> (<type>: Static, Session, DV) 

!" Multicast 

$ns multicast (right after [new Simulator]) 

$ns mrtproto <type> (<type>: CtrMcast, DM, ST, BST) 

 

����	����������
�

���z�z{�

!" TCP 

set tcp [new Agent/TCP]   #z� Tahoe TCP sender 
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set tcpsink [new Agent/TCPSink]   #z� receiver 

$ns attach-agent $n0 $tcp   #� TCP senderlO n0Í¥ñ 

$ns attach-agent $n1 $tcpsink   #� receiverlO n1Í¥ñ 

$ns connect $tcp $tcpsink   #z�z{�

!" UDP 

set udp [new Agent/UDP]   #z� UDP sender 

set null [new Agent/NULL]   #z� receiver 

$ns attach-agent $n0 $udp   #� UDP senderlO n0Í¥ñ 

$ns attach-agent $n1 $null   #� reciverlO n1Í¥ñ 

$ns connect $udp $null   #z�z{ 

���+,$%�

!" TCP 

FTP(or Telnet) 

set ftp [new Application/FTP]   #e� FTPA application source 

$ftp attach-agent $tcp   #� ftp sourcezä tcp agent 

!" UDP 

CBR(or Exponential,Pareto): 

set src [new Application/Traffic/CBR] 

$src attach-agent $udp     #� sourcezä udp agent 

�� ý£()e¿�

set loss_module [new ErrorModel] 

$loss_module set rate_ 0.01   #error rateÇ 1% 

$loss_module unit pkt          #cFéÇu� 

$loss_module ranvar [new RandomVariable/Uniform] #=
�d uniformwM 

$loss_module drop-target [new Agent/Null]        #Féãä¥ 

$ns lossmodel $loss_module $n0 $n1   #O n0ä n1Í¥ânWM error model 

���z�å:�

$ns at <time> <event> (k�<event>Ç�Ý^UA ns/tclæç) 

$ns run   #þ��Ó 

 

����	������

$ns namtrace-all [open test.nam w]   #c namèhRß�ÌFé 

test.namAµ¨éB?�A¬­(node,link,queues,..)Fc®�ÌFéA��Fnam

���}éiHr8}e�A�:Nêë�c��ì`FéA��i·|1Rßw�FFé�

�Aèhq�9 

<event-type> -t <time> -s <source> -d <dest> -p <pkt-type> -e <pkt-size> 

-c <flow-id> -I <unique-id> -a <pkt-attribute> -x <ns-traceinfo> 

<event-type>:’h’íÍ HOPF�}Féþ�Þ sourceGHä dest 
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’r’íÍ ReceiveF�}Fé�Hî�A× 

’d’íÍ DropF�}Féïãä 

’+’íÍ Enter queue 

’-‘íÍ Leave queue 

<pkt-attribute>:íÍ color id 

<ns-traceinfo>:íÍ source and destination node and port address, 

sequence number, flag, and the type of message 

 

4.�
���
���
���
��TCP�������������������� 

O TCP/IP?�ñFR�~Þ¯° �A?�FHä¯° �A?�ZF�ZÕºZðD

?�ñòAróNÅÖFO�KA$%ÅZäî|}�_�ZFdZðD?�òôN�cO TCP 

layerÌ flow controlA
�iõyVöòñò[10]NO�}pÙ÷FZÔ ÍÑ�Ä¢

TCP`ÆúÚFO�Å£¤(1,2,3}Féø�)AopF�7¯qÝ�� awkÞ nam-trace

é�½ä»5A��N 

TCPúÚ � � 

Tahoe Slow-Start, Congestion avoidance, and Fast Retransmit 

Reno Tahoe plus Fast Recovery 

NewReno Reno with performance modification 

Sack1 TCP with selective repeat(follows RFC2018) 

Fack Reno TCP with forward ack 

ÍÑ. TCP `ÆúÚÔ [11] 

�	
����
���
����
������
����
��
���� �

�}STUAùÚúWb9FéOû�üäýþA
���(��` 1%)F�c05G,

Féø�Fºb?�G,ñòA��N��Féø�AghÌ=¢9G, retransmit 

timeout(RTO)Å�äáxA ACKNOX}z{�»5=}�d9cwndíÍ congestion 

windowFssthreshíÍ slow start threshold sizeN 

1. z{��ZFcwndÇ|} segment��FssthreshÇ 65535 bytesNTCP�

ZH�� cwndÅ advertised window� �A|}N 

2. RñòG,Z(timeoutV�äáxAACK)FssthreshZ�D��window size

A|�N¹·Fq�ñòb�Ç timeoutA�FcwndZWD|} segmentFdº

�D slow startN 

3. XR�ä|} ACKFº�ý cwndF�bäi�ýKò5ãrOb slow start�
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b congestion avoidanceNR cwnd�` ssthreshZFb slow startF	

âÙb congestion avoidanceN 

4. O Congestion avoidanceZFXR�ä|} ACKFcwnd�ý 1/cwndN�c 

slow startbÜ
dDEF� congestion avoidancebÜ{nDEN 

�
�������
������
����
������
������	�
�������

R TCP�ä|}��()AFéZF
¦§��HI|}áxA ACKFÊ�GHg
�I

�AFé��N�Çêë�����}áxA ACKb�ÇFéø�FV0bäî��A�Å�

��F�c¦§Ï�I�k�A ACKN�¹F�}STUÌ|}ùÚAúW9q�0b|}ä

î��()AFéF��0ZÌ|}V=}Aáx ACKFúq�äÕ}cñáxA ACKFÍ7

r�Ì�pG,ñòN�}ZÕ��áH�}FéF��¦Iä RTOF�ºb fast 

retransmit algorithmNl>�� slow startF�klÒÓ congestion avoidanceF

�ºb fast recovery algorithmN��A��q�9 

1. R�äØÕ}áxA ACKF� ssthreshWÇ�� window��A|�FáH�}FéN 

2. WM cwndÇ ssthresh + 3 * segment size 

3. X��ä¡|}áxA ACKF�ý cwnd|} segment sizeF��HI|}Fé(q

�O�A cwnd�J¯�µ)N 

4. R�ä�A ACKZFWM cwndÅ ssthresh|Ö�N 

�����[12]�

RÅ|} window µø�K}FéZF�Ç�� cumulative ack Aì�FX} round trip time0Z

��|}Féø�F�c��A TCP �pZÌ�ÆAopNSack Option header � �ç}!"F

w�íÍ#$�äAFé��F�c�m×��GHgjç}FéwÌ�äN 

�����[13] 

SACK Option Ì ���l�g�äFé���A��F%âÇ �������
���N~Ï`k�A TCP

cáxA ack i«X?�ñA�~dFFACK STU�� SACK Option i�mAXT?�ñAF

édFR�` cwnd Zº�cÏ�GH�~N 

?�ñA?�ñA?�ñA?�ñAFFFFédédédéd&&&&�|}5�|}5�|}5�|}5GHGHGHGHAAAAFFFFéééé��������''''&����((((ááááHHHHAAAAFFFFédédédéd�
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®Q. `pA?�¬­ 

`p|A?�¬­q®QF�k OTcl:h�q�: 

set ns [new Simulator -multicast on]  #�� scheduler��� multicast 
$ns color 1 red    #��� flow	 nam
��
��� 
$ns color 2 blue   #��� flow	 nam
������ 
for {set i 0} {$i < 7} {incr i} {   # i� 0� 6� for����� n0� n6����� 
    set n($i) [$ns node] 
} 
set nf [open out.nam w]   # � nam trace! 
$ns namtrace-all $nf   
#��"� links 
$ns duplex-link $n(0) $n(2) 10Mb 10ms DropTail 
$ns duplex-link $n(1) $n(2) 10Mb 10ms DropTail 
$ns duplex-link $n(2) $n(3) 8.5Mb 25ms RED     ##$ link 
$ns duplex-link $n(3) $n(4) 10Mb 10ms DropTail 
$ns duplex-link $n(3) $n(5) 10Mb 10ms DropTail 
$ns duplex-link $n(3) $n(6) 10Mb 10ms DropTail 
$ns queue-limit $n(2) $n(3) 4        #%&#$ link� queue buffer size'(�)* 
$ns duplex-link-op $n(2) $n(3) queuePos +0.5    #%& nam
 queue�+, 
$ns mrtproto DM {} #�� Dense mode multicast 
 
set tcp [new Agent/TCP] 
set sink [new Agent/TCPSink] 
$ns attach-agent $n(0) $tcp 
$ns attach-agent $n(5) $sink 
$ns connect $tcp $sink 
$tcp set class_ 1     #%& flow id' 1 
$tcp set window_ 20   #%& window-.' 20�)* 
set ftp [new Application/FTP] 
$ftp attach-agent $tcp 
#�� UDP/0����1 multicast group 
set group [Node allocaddr] 
set udp [new Agent/UDP] 
$ns attach-agent $n(1) $udp 
$udp set dst_addr_ $group 
$udp set dst_port_ 0 
$udp set class_ 2 
set cbr [new Application/Traffic/CBR] 
$cbr attach-agent $udp 
set rcvr0 [new Agent/Null] 
$ns attach-agent $n(4) $rcvr0 
set rcvr1 [new Agent/Null] 
$ns attach-agent $n(6) $rcvr1 
#�� schedule 
$ns at 0.0 "$n(4) join-group $rcvr0 $group"    #2�� 4,634 multicast group 
$ns at 0.0 "$n(6) join-group $rcvr1 $group" 
$ns at 0.2 "$cbr start" 
$ns at 0.2 "$ftp start" 
$ns at 1.5 "finish" 
proc finish {} { 
      global ns nf 
      $ns flush-trace 
      close $nf 
      exec nam out.nam & 
      exec awk { 
           { 

!" Í¥ 2a 3 A link Ç)* 

!" k+ link�b¯° 10MbF10ms delayF

DropTail Queue 

!" FTPz{ÞÍ¥ 0aÍ¥ 5 

!" UDP ÞÍ¥ 1 multicastaÍ¥ 4, 6 
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                if($1== "r" && $5==3 && $7==5 && $9=="tcp")                     print $3, $21 
            } 
      } out.nam > tahoe  #2�5��678�!9 tahoe 
      exit 0 
} 
$ns run   #:;<= 

á,�Ó�ÅúÚA TCPFc®�ÅA?�tuF5I®ÕAE-®NÎ½.�AbFReno 

TCPOÌ=} packet losscñA£¤FopZÔ Tahoe TCPi½�ÆFº/êëi|0\

1Fãã�ÅFéø�d�Ä} TCPúÚAÍrN 

®Õ.� Ä¢ TCP úÚOø�FéZAopÔ �B�Ad2íÍç}Féø���

�

� !"#$� !"#$� !"#$� !"#$�

3©Fiàá|� Tahoe TCP O|}Féø�(O 0.684)A	�NO®Ñ�A X5íÍZnF

Y5íÍAbFé��(Modulus 70)F`AAgèíÍFéGHFxíÍFéø�F6AA78

íÍ ackNO®Ñ�c9:×ãäO 0.24ZHIØ|}FéFO 0.294�ä|} ack�üHI

=}FéFO 0.384�ä=} ack�üz�HIÑ}FéFÏ�Ü
dDE 8 }'16 }F�¡

Znºb�;A ����������	��
�����
N0.684Féø��FGH<á=äÌñòG,F��� slow 

start threshold>Ç congestion window A|�Fcongestion window>ä 1Füþ�á��Ó slow 

startN 
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�����

®Ñ. O|}Féø�ZFTahoe TCP AFéGHZn 

®?Å®@XÓAØ|}d2bZnFØQ}d2b��N_�=}®�cãäFRGH<

O 0.77354�äØÕ}áxA ackFº��G,÷Féø�F�I retransmit timer timeout ��

áHØ 47 �AFéF�ºb fast-retransmit algorithmN 

®?. Tahoe TCPFéGHZn             ®@. Tahoe TCP ackl�Zn 

Reno TCP Ô Tahoe�ý÷ ����	��������	��
�����
Fk·UbOFéø�G,�Fcongestion 

window WÇ�iA|�F��kl�Ó congestion avoidanceF�AO`�5/ congestion window

|�ÙA½B�÷F�CD÷opFO¹p�cGrOÅÖAZn÷F®f Reno TCPGHaØ

153 }FéF�®@A Tahoe TCP óGHaØ 126 }FéN 

O|}Féø�A£¤�FNew-Reno,Sack1,Fack AÍrÅ RenoÆ�KN 

......... 
0.769626352941177 45 
0.770567529411765 46 
0.771706352941177 46 
0.772647529411765 46 
0.773588705882353 46 

......... 

......... 
0.769626352941177 65 
0.770567529411765 66 
0.773588705882353 47 
0.866231529411765 67 

......... 

����	�
��
	

����	�
��
�


��
	��
������
	

������
���	
��������� 

����	
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����	

®f. O|}Féø�ZFReno TCP AFéGHZn 

 

% !"#$% !"#$% !"#$% !"#$�

OEä=}Féø�ZFTahoe TCP |Ög_ slow startFFGHGHAC�NO®I�cG

rFReno TCPg�z�=�A fast retransmit ® fast recovery iH�F��X�� cwndö�=�F

�cGHC�F÷JKN 

_®J�cãä Sack TCP O 0.814�äÕ}áxAFé�Fº� Sack Option ��Ø 28, 45

�Fé�KHîN�c fast-retransmit Ø 28 }â�F��HIø�A 45 �FéFq¦§Iä 0.91

4Ì�A ack äîLpþ�Ï�GH�|}FéN 

����	

®I.=}Féø�ZFReno TCP AFéGHZn 


��
	
��������	

����	


��
	��������	


��
	��������	


��
	��
������
	


��
	��
������
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����	

®J. =}Féø�ZFSack TCP AFéGHZn 

O®v�cGr Fack TCP O 0.814AZÕ�äÕ}áxAFé�Ffast retransmit Ø 28 ��éF

l>O 0.83Å Sack TCP |Ö��¼HØ 45 �FéF�� Fack TCP «X?�ñAKHîAFé

M�` cwndF�Ï�GH�AFéF�copñ�KN�

���� 

®v. =}Féø�ZFFack TCP AFéGHZn 

 

& !"#$& !"#$& !"#$& !"#$''''����

OÅ|} window µÌ=}cñAFéø�ZFq®v|�AØ 26, 30 �Féø�Ffast-retransmit

Ø 26 �Fé�F�,A ack b 29F�wÌ ack �c�HîAFéF�%Ç partial ackN�}ZÕ

Reno TCP º¦Iä 1.134Z RTOFLpáHØ 30 �FéF�cZÌNáAop°ON 

��
������
	

��
������
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>?@AB

®v|. Õ}Féø�ZFReno TCP AFéGHZn 

ñ�A Reno TCP A��FO NewReno �º�P÷Nq®vQ�7FOEä partial ack 29 AZ

ÕFNewReno TCPZQQ 30 �Fé�gø�F�c�RáHF��¦Iä RTON 

>?@AB

®vQ. Õ}Féø�ZFNewReno TCP AFéGHZn 

S�+T® Fack Oø�Õ}FéA£¤�F|ÖÍr½Ôk�A TCP úÚi½UÇN 

�

���
���������
���������
���������
�������� ��� �������������������������

�}`p7¯qÝ�ý|}�A TCP agent (IW TCP)F�} Agent A initial window size��

bQWA 1F�b�c��Ç�5A��N45�Abàá initial TCP window size(IW)Ï TCP 

performance ACDNIW |kb TCP Implementation Working Group(tcpimpl)[14]A|}á5VW

���
���	���	

����	��
������
	


��
	
��
������
	

���
���	���	

��
������
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��FRFC 2414'RFC 2581 Ì~ìAVWF��A TCP `Æ� IW WÇ|} segmentNO�}

`p�F�w�� IW WÇ 2'4'8 }FéFàákÏ TCP opACDN 

3©F¦§X½ nsº�Í?�IA class iîD C++� OTcl=¢>?�ÑF���c ~

Y�F/b5O ns÷���pZ¦§.�9 

!" ÈMZRAÏÐ¥Fpq5�ý�A TCPFÙ�cÏÐ	 Agent/TCP 

!" z��A class 

!" ML� OTcl Az� 

!" [\~ìA OTcl code]ÑÒ 

 

�¶w nsoCA base class 

bind(): z� C++� OTcl �A�d TclObject 

command(): � OTcl �A methodz�a C++ 

TclClass +, TclObjectoC 

Tcl õöé�^A OTclk¹�F�½ C++ method �cÑÒ 

TclCommand õö�cklOk¹���ÓAæçFpq ns-version 

EmbeddedTcl _Ò®�Ó`��A scriptæç 

Í?. C++ and OTcl Linkage 

`pQ7¯qÝ�ý|}�A Tcp agentF�} agnet �cg<×WM IWÎN�

#include "tcp.h" 
#include "tclcl.h" 
 
class IWTcpAgent : public TcpAgent { //ÏÐ	 TcpAgent 
public: 
        IWTcpAgent(); 
        virtual void set_initial_window() { //WM initial window size 
             cwnd_ = ini_win_; 
        } 
private: 
        int ini_win_;  //initial window size 

}; 

®vÕ. tcp-iw.h 

#include "tcp-iw.h" 
 
static class IWTcpClass : public TclClass {  
public: 
     IWTcpClass() : TclClass("Agent/TCP/IW") {} //ML~Ï�A OTcl name 
     TclObject* create(int, const char* const*) { //z�~Ï�A OTcl oC 
           return (new IWTcpAgent()); 
     } 



18 

} tcpjs_agent; 
 
IWTcpAgent::IWTcpAgent() { 
     bind("Ini_Win", &ini_win_);  //z�OTcl�AIni_win�C++�Aini_win_ 
} 

®vÑ. tcp-iw.cc 

�ñ�=}éa�O ns-2 A���F��Makefile: 

OBJ_CC = \ 
  …. 
  tcp-iw.cc 

á��¹ 

make depend 

make 

ML ini_win AQWÎÇ 1F�� ns/tcl/lib/ns-default.tclF�ý|Ó 

Agent/TCP/IW set Ini_Win 1 

�ÖºO ns ���|} agentFá·|�`pbF��Ô |cA Tahoe Tcp (IW=1)Å IWI` 2'

4'8FO�Åd%Féø�ZAopN 

|}Féø�:  IW-8  >  IW-4  =  IW-2  >  Tahoe 

Q}Féø�:  IW-8  >  IW-4  >  IW-2  >  Tahoe 

Õ}Féø�:  IW-4  >  IW-8  >  IW-2  >  Tahoe 

_¹�cj�OFéø�%òZF�ý IW AÎAm�c�ý TCP AopF��O�ÅAñò

£¤� IW AÎ�\WÇKòFÙÌ�Ò|¦A`aN 

 
®v?.ø�|}Fé 
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�

®v@. ø�=}FéA£¤. 

�

® vf. ø�Õ}FéA£¤ 

 

()*+()*+()*+()*+�

ns b|¼þ�����deA?�e�ÂÃFµ¶�� C++·Ç@AFÌBCADEC��

�� OTcl·Çe�WMA>?FÌ>��A��PnF�cfg×��Ähµze¿N O`p

b��c9:×÷2Äh TCP$%O�ASTUF�÷2 Sack ® Fack Ï TCP opÌ��Ai

;NO`pj��cGrFOFéø�%��ZFý� IW Ï TCPdÌl¶Ao�Fqäi IW

Î\MÇKòF�Ì�Ò|¦k£A[\NlilKA[\
{�� ns·Ç?�e��FÌ>

 �Am�nF�Rb[\?�~ìLMZ��V¤A²¿N 
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