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APPENDIXES
APPENDIX A

TCP NEWRENO HEADER

/* -*- Mode:C++; c-file-style:"gnu"; indent-tabs-mode:nffl
/*

+ Copyright (c) 2010 Adrian Sai-wah Tam

*

* This program is free software; you can redistribu it and/or
modify

* 1t under the terms of the GNU General Public Li
published by the Free Software Foundation: T

This program is distributed in the hope
but WITHOUT ANY WARRANTY:; without even t

; :*_ */

se version 2 as

t 11l e useful,

You should have received a copy of ¥
along with this program; if not,
Foundation, Inc., 59 Temple Pla gyvs

1307 USA

= L) * * * * * * *+ * #* %

*+ Author: Adrian Sai-wah Tam

F

#ifndef TCP NEWRENO H
#define TCP_NEWRENO H

#include "tcp-socket-b

namespace ns3 {

|

/

\ingroup sock |
\ingroup tcp Q)

NS
oqu”stream socket using TCP.

T

* This cl, contains the NeReno implementation of TCP, as of

\RFC{2582%\-

eno : public TcpSocketBase

= % % » »

\brief An gmpNme
1

* \brief Get the type ID.
* \return the object Typeld
o |
static Typeld GetTypeld (void);
/**
* Create an unbound tcp socket.
ol
TcpNewReno (void) ;
/**

* \brief Copy constructor
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* \param sock the object to copy

>/
TcpNewReno (const TcpNewReno& sock) ;
virtual ~TcpNewReno (void) ;

// From TcpSocketBase
virtual 1nt Connect (const Address &address) ;

virtual int Listen (void) ; \T

protecten:

virtual uint32 t Window (void); // Return the max po i:!e number
of unacked bytes |

virtual Ptr<TcpSocketBase> Fork (void): // Call
CopyObject<TcpNewReno> to clone me

virtual void NewAck (SequenceNumber32 consts sew;/ Inc cwnd and
call NewAck() of parent -
BEt riount); '

virtual void DupAck (const TcpHeaders t, uil
Halving cwnd and reset nextTxSequence

virtual void Retransmit (void): // Exit
retransmit timeout

// Implementing ns3::TcpSocket

virtual void SetSegSize

virtual void SetInitialSSThresh

virtual uint32 t GetInitialSSThre

virtual void SetInitialCwnd

virtual uint32 t GetInitialCw
private:

/**

* \brief Set the congestio
* /

vold InitializeCwnd

protected:
TracedValue<uint32 t.
TracedValue<uint32 t>

Q}’!c Congestion window
Jl‘44.,//.!-: Slow Start Threshold

uintiz t ndW’/ //!< Initial cWnd value

uint32_t | //!< Initial Slow Start
Threshold value

SequenceNumber //!< Previous highest Tx
segqnum for fast

uint32 t //!< Fast Retransmit
threshold

bool //!'< currently in fast
recovery

bool ‘\§~ //!'< perform limited
transmit
&
b/ - space ns3

#endif /* TCP NEWRENO H */
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APPENDIX B

TCP NEWRENO CONGESTION CONTROL SOURCE CODE

/* -*- Mode:C++; c-file-style:"gnu"; indent-tabs-mode:nil; -*- */

/*
* Copyright (c) 2010 Adrian Sai-wah Tam

#

*+ This program 1s free software; you can redistribute

modify
*+ it under the terms of the GNU General Public Licel s

published by the Free Software Foundation:
w 'zl be useful,

warranty of
SE. See the

This program is distributed in the hope that ig
but WITHOUT ANY WARRANTY; without even the implXT

ﬂq:,o

lic License

» % * * * * * * »

along with this program; if not, write
* Foundation, Inc., 59 Temple Place, Sui

1307 USA
"
* Author: Adrian Sai-wah Tam <adrian. .ta
* /

#define NS LOG_APPEND CONTEXT \
if (m_node) { std::clog << Si
[node " << m node->GetId () <<

() < < "

#include "tcp-newreno.h"
#include "ns3/log.h"
#include "ns3/trace-sourc
#include "ns3/simulato® h"
#include "ns3/abort. h"%

#include "ns3/node.h"

NS_LOGCOMPONENT_%{fE?E ("
namespace ns3 { % l ¢
v-r"l

4

BEGIP
Typeld . ;! ﬁ;¢
TcpNewRenq“‘ TypeId (void
{

stati elId tid = TypelId ("ns3::TcpNewReno")
| ent<TcpSocketBase> ()
nstructor<TcpNewReno> ()
ttribute ("ReTxThreshold", "Threshold for fast retransmit',
UintegerValue (3),
MakeUintegerAccessor (&TcpNewReno::m retxThresh),
MakeUintegerChecker<uint32 t> ())
.AddAttribute ("LimitedTransmit", "Enable limited transmit",
BooleanValue (false),
MakeBooleanAccessor (&TcpNewReno::m limitedTx),
MakeBooleanChecker ())

.AddTraceSource ("CongestionWindow",
"The TCP connection's congestion window",

NS OBJECT ENS}R
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MakeTraceSourceAccessor (&TcpNewReno::m_cWnd))

.AddTraceSource ("SlowStartThreshold",
"TCP slow start threshold (bytes)",

MakeTraceSourceAccessor
(&TcpNewReno: :m_ssThresh) )

}

TcpNewReno: : TcpNewReno (void) %
' t ¥y the

m_retxThresh (3), // mute valgrind, actual value .S\
attribute system |

m_JinFastRec (false), .
m_limitedTx (false) // mute valgrind, actual val set by the

attribute system V

NS LOG FUNCTION (this)

}

TcpNewReno: : TcpNewReno (const TcpNewReno&, so

TcpSocketBase (sock),
m cWnd (sock.m cWnd),
m ssThresh (sock.m ssThresh), b

m initialCWnd (sock.m initialCWnd)
m_initialSsThresh (sock.m init i% h
)

return tid; |

m retxThresh (sock.m retxThre
m inFastRec (false),

m limitedTx (sock.m limitedTx

NS LOG FUNCTION (this);
NS LOG LOGIC ("Invoked th

‘TN'

{

}

TcpNewReno: : ~TcpNewRe

{
}

/* We 1nitialize m
initialized */
1nt

TcpNewReno: :

{

after attributes

NS LOG_F
Initializ

TcpNewReno: :Connect (const Address & address)

{

NS LOG FUNCTION (this << address);
InitializeCwnd () ;
return TcpSocketBase: :Connect (address);

}

/* Limit the size of in-flight data by cwnd and receiver's rxwin % /
uint32 t
TcpNewReno: :Window (void)
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{

NS LOG FUNCTION (this);
return std::min (m rWnd.Get (), m cWnd.Get ());

}

Ptr<TcpSockeétBasex
TcpNewReno: : Fork (void)

{
}

/* New ACK (up to segnum seq) received. Increase cwnd amg call

TcpSocketBase: :NewAck () */ |
void
N

TcpNewReno: :NewAck (const SequenceNumber32& seq
:II

return CopyObject<TcpNewReno> (this); 4§~j:

{

NS LOG FUNCTION (this <c< seq) ;
NS LOG LOGIC ("TcpNewReno receieved ACK for

" cwnd " << m cWnd <<
" ssthresh " << m ssThr

< S <K<

esh) ;

| S
58%_2(: .3 bullet

Sequence ()) ;
d set to " <«

// Check for exit condition of fast r
1f (m_inFastRec && seq < m recover)
{ // Partial ACK, partial window

#5 paragraph 3)
m cWnd += m segmentSize -
NS LOG_INFO ("Partial ACK

m cWnd) ;

m_ txBuffer.DiscardUpTo (sg«

4

idh‘ih

.H

etransmit before

newack

DoRetransmit () ; lost. Retransmit
lost packet |

TcpSocketBase: : NewA, | : 8 m nextTxSequence and
send new data if allow '

recuri:

}

else 1f (m inFast
{ // Full ACK
m cWnd = st

paragraph 2, option 1)
, BytesInFlight () +

®

m segmentSize) ; %
- m 1nFastl =
NS LOG @("R
cwnd set to '% _cwﬁ
}

// Incq§§; of cwnd based on current phase (slow start or
) voidance)
d < m _ssThresh)
low start mode, add one segSize to cWnd. Default m_ssThresh
; (RFC2001, sec.l1)

m cWnd += m_segmentSize;

NS LOG INFO ("In SlowStart, updated to cwnd " << m_cWnd << "
ssthresh " << m ssThresh);

}

glseée
{ // Congestion avoidance mode, increase by

(segSize*segSize) /cwnd. (RFC2581, sec.3.1)
// To increase cwnd for one segSize per RTT, it should be

(ackBytes*segSize) /cwnd
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double adder = static cast<double> (m segmentSize *
m segmentSize) / m_cWnd.Get ();

adder = std::max (1.0, adder) ;

m cWnd += static_cast<uint32 t> (adder) ;

NS LOG INFO ("In CongAvoid, updated to cwnd " << m _cWnd << *
ssthresh " << m ssThresh);

}

// Complete newAck processing
TcpSocketBase: :NewAck (seq);

}

/* Cut cwnd and enter fast recovery mode upon triplvpack * /

void
TcpNewReno: :DupAck (const TcpHeader& t, uint32 t

{ Y.l

NS_LOG_FUNCTION (this << count) :
if (count == m retxThresh && !m _inFastRec)
tr WFczssz sec. 3
@
te Flg t () /
T 1

{ // triple duplicate ack triggers fa
bullet #1)

m_ssThresh = std::max (2 * m segme
NV

Yv

mode. Reset

21
m_cWnd = m_ssThresh + 3 * m segmen
m_Yecover m _highTxMark;
m_1nFastReg = Lyie;

NS LOG INFO ("Trlple dupack
cwnd to " << m cWnd <c<

. ssthresh to esﬁ:)q " at fast
recovery seqnum " << m recove
DoRetransmit () ;

else 1f (m inFastRec)

{ // Increase cwnd f
bullet #3)

m cWnd += m seg
NS LOG INFO ("
<< m cWnd)

SendPendlngD&\n
| \ | -
else 1if 'w11n€§f> & I | Tx && m txBuffer.SizeFromSequence
e

upack (RFC2582, sec.3

ery mode. Increase cwnd to "

(m nextTxSeque

duplicated

NS LOQT
ui5~\~r

ansmit") :
et (m _nextTxSequence, m segmentSize,

// Advance next tx

/* Retransmit timeout */
void

TcpNewReno: :Retransmit (void)
{
NS LOG FUNCTION (this);
NS LOG LOGIC (this << " ReTxTimeout Expired at time " <<

Simulator::Now () .GetSeconds ());
m 1nFastRec false;
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// 1f erroneous timeout in closed/timed-wait state, just return

1f (m_state == CLOSED || m state == TIME WAIT) return;

// If all data are received (non-closing socket and nothing to
send), just return

1f (m_state <= ESTABLISHED && m_txBuffer.HeadSequence () >=
m highTxMark) return;

of flight

// size and cwnd is set to 1*MSS, then the lost pac‘;:,
retransmitted and &
// TCP back to slow start |

m_ssThresh = std::max (2 * m_segmentSize, Byteslﬂ‘i?ght () / 2);

// According to RFC2581 sec.3.1, upon RTO, ssthresh i@o half
-

m_cWnd = m_segmentSize:
m nextTxSequence = m_txBuffer.HeadSequence () ;Westart from

highest Ack T
<

NS_LOG_INFO ("RTO. Reset cwnd to " << m oW
", ssthresh to " - - "
<< m_ssThresh§< . kestart from

segqnum " << m_nextTxSequence) ;
m_rtt->IncreaseMultiplier (): 1 = t RTO
Ti éghe packet

DoRetransmit () ;

}

void
TcpNewReno: :SetSegSize (uint32 t sige)

{
NS_ABORT MSG_UNLESS (m state

cannot change segment size after
m_segmentSize = size;

void
TcpNewReno: : SetInitialSST

{
NS ABORT MSG UNLESS *
cannot change initial
m initialSsThresh
}

"TcpNewReno: : SetSSThresh ()
Qgnection started."):

nink32 t Jdp
TCPNEWREHO::GEE:E&-* £ | vgid) const
return m#iﬂazai ssTh? ' *

void
TcpNew% etInitialCwnd (uint32 t cwnd)
N
N 14
"Tcp

MSG_UNLESS (m_ state == CLOSED,

no::SetInitialCwnd() cannot change initial cwnd after
connection started.");

m initialCWnd = cwnd;
}

uinti2 t
TcpNewReno: :GetInitialCwnd (void) const

{
}

return m initialCwnd;
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void
TcpNewReno: :InitializeCwnd (void)
{/*
* Initialize congestion window, default to 1 MSS (RFC2001, sec.1)
and must
* not be larger than 2 MSS (RFC2581, sec.3.1). Both m

h—

o4
m cWnd = m_1initialCWnd * m segmentSize;
m _ssThresh = m initialSsThresh;

it iaCwWnd
and Ez
* m_segmentSize are set by the attribute system in tf . YcpSocket.

)

} // namespace ns3
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APPENDIX C

TCPW HEADER

/* -*- Mode:C++; c-file-style:"gnu"; indent-tabs-mode:nil; -*- */

/*
* Copyright (c) 2013 ResiliNets, ITTC, University of Kan?

*

* This program is free software; you can redistribut% nd/or
modify s

* it under the terms of the GNU General Public Licens®wversion 2 as

* published by the Free Software Foundation; Yw

*®

* This program is distributed in the hope that N ll be useful,

* but WITHOUT ANY WARRANTY; without even the 3 d warranty of

* MERCHANTABILITY or FITNESS FOR A PARTICU RPOSE. See the

* GNU General Public License for more detai

#

* You should have received a copy of the GNWwGe eMl' License
* along with this program; if not, writ ' osssfe

* Foundation, Inc., 59 Temple Place, dﬁ,&;h 02111-
1307 USA *

,. N

* Authors: Siddharth Gangadhar <siddha *ku. >, Truc Anh N.
Nguyen <annguyen@ittc.ku.edus,

®)

g
WwRu.edu/resilinets
Center (ITTC)

oles
iagiand Computer Science

* and Greeshma Umapathi

* James P.G. Sterbenz <jpgs@
* ResiliNets Research Group
* Information and Telecom

* and Department of Electigl &N

* The University of Kanu:‘haw

* Work supported in % y
Program

* under grant CNS-, 691

+ NSF grant CNS-@ *
Experimentation GEWI) =

*+ US Departmen | e Jense
Kansas.

z X

Koo,

4define TOMRESTWOOD H A

ttc. |
: |

t

-

* \i1ngroup socket
* \ingroup tcp

« \brief An implementation of a stream socket using TCP.

* This class contains the implementation of TCP Westwood and

Westwood+.
+*
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* Westwood and Westwood+ employ the AIAD (Additaive Increase/Adaptive
Decrease)

* congestion control paradigm. When a congestion episode happens,

* 1nstead of halving the cwnd, these protocols try to estimate the
network's

* bandwidth and use the estimated value to adjust the cwnd.
* While Westwood performs the bandwidth sampling every A%

reception,
* Westwood+ samples the bandwidth every RTT.

*

* The two main methods in the implementation are th&gt}%ck (const

TCPHeader &)

* and the EstimateBW (int, const, Time). The Count method
calculates

* the number of acknowledged segments on the re
* The EstimateBW estimates the bandwidth base

by CountAck
* and the sampling interval (last ACK inter
Westwood and last RTT for Westwood+) .

P

of an ACK.
he value returned

v'll time for

class TcpWestwood : public TcpSocketBase ' 6;3-
{ . -
public:

/i* \3.

S'
&
O
' A,
TcpWestwood (void) E T C;\S
/** %
* \brief Copy o::mst::r'uc:t\> AQI
* \param sock the obj €
- f i;
TcpWestwood (const ’% WO
virtual ~TcpWestwood (wid)s

N
* \brlef Proto arl" ' d or Westwood+)

* \return the object TypelId
*/
static Typeld GetTypeld (v01d)

* \brief Get the type ID. Vz Q\

* / (;:,
enum Protoco@
WESTWOO :
WESTWOODW L

f Filter type (None or Tustin)

en 1lterType

NONE,
TUSTIN

b

// From TcpSocketBase
virtual i1nt Connect (const Address &address) ;
virtual int Listen (void);

protected:



152

virtual uint32 t Window (void); // Return the max possible number
of unacked bytes

virtual Ptr<TcpSocketBase> Fork (wvoid); // Call
CopyObject<TcpTahoe> to clone me

virtual void NewAck (SequenceNumber32 const& seq); // Inc cwnd and
call NewAck () of parent

* and run a clock on the RTT to tri
sampling

* \param header the packet header

o i

virtual void EstimateRtt (const

virtual void DupAck (const TcpHeader& t, uint32 t county / Treat
3 dupack as timeout
virtual void Retransmit (void): // Retransmit time op
/** ‘1\§r
* Process the newly received ACK +
X |
* \param packet the received ACK packet z
* \param tcpHeader the header attached to thew packet
* / ‘
virtual void ReceivedAck (Ptr<Packets pac zon L TcpHeader&
tcpHeader) ; 1
ft \d"‘i"
* Estimate the RTT, record the minimu lue, ' d;'
‘ baﬂéwidth

// Implementing ns3::TcpSocket -
virtual void SetSegSize '
virtual void SetInitiaIgS
virtual uint32 t GetIniti
virtual void SetInit
virtual uint32 t GetInigsd

qsé;get
- g’}threshold) ;
5 onst ;
igigwn :

private:

/**

* Tnitialize cwn
* /

vold Initializ

N
| &
? ey
aéFhowledged packets upon the receipt of

T

N
pHeader the ﬁ%}der of the received ACK packet
the number of ACKed packets

‘h:;n
| niqg?,f a connection

/**

* Calcula
an ACK pack

tAck (const TcpHeader& tcpHeader) ;

A Uﬁdate the total number of acknowledged packets during the

current RTT
%

* \param acked the number of packets the currently received ACK
acknowledges

o'
volid UpdateAckedSegments (int acked) ;

/ii
* Estimate the network's bandwidth
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*

* \param acked the number of acknowledged packets returned by
CountAck |

* \param tcpHeader the header of the packet

* \param rtt the RTT estimation

*/
vold EstimateBW (int acked, const TcpHeader& tcpHeader, | o my ol S
/ % \

* Tustin filter %

*/ A:\~F
volid Filtering (void) ; |

protéected:

TracedValue<uint32 t> m ssThresh;
; WInitial cWnd
value @ T

TracedValuec:uinth_t:» m cWnd; V/!c Congestion
window |
z L/ '< Slow Start

Threshold |

wine32 ¢ m initialCWnd;

wint3dz2 ¢ m_initialSsThreXxN / 1r a¥tial Slow
Start Threshold wvalue f J\-

bool m_inFastRec; ’ 4 // '\csﬁurrently in
fast rIeCovery if TRUE \ Y'

TracedValue<doubles
of the estimated BW

Current wvalue

double / Last
bandwidth sample

double m //!< Last
bandwidth sample after bei

Time // 1< Minimum RTT

double //!< The time last
ACK was received

SequenceNumber3?2 //'< Previously

received ACK number
intk

received DUPACKSs
enum ProtocolT

Westwood, 1 for

enum FilterT#me
for Tustin :

//!'< The number of
//'< 0 for

//'< 0 for none, 1

int m4$§$;d8egments; //!< The number of
segments gA i between RTT™S\
bool m IsCount; //!< Start keeping
track WackedSegments for Westwood+ if TRUE
m bwEstimateEvent; //'< The BW

n event for Westwood+

} // namespace ns3

#endif /* TCP WESTWOOD H */
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APPENDIX D

TCPW CONGESTION CONTROL SOURCE CODE

[* -*- Mode:C++; c-faile-style:"gnu"; indent-tabs-mode:nil; =#%= %/
/ *

* Copyright (c) 2013 ResiliNets, ITTC, University of Kiaégs

%

* This program is free software; you can redistribu %and/or
modify

* 1t under the terms of the GNU General Public License¥version 2 as
published by the Free Software Foundation: Y'

|

|

* This program is distributed in the hope that Nill be useful,
* but WITHOUT ANY WARRANTY; without even the XMpsed warranty of
» | SGRP
*
w

MERCHANTABILITY or FITNESS FOR A PARTICU SE. See the
GNU General Public License for more detai 1

* You should have received a copy of the GNIWGeder e License

* along with this program; if not, writ O the I‘E?e

* Foundation, Inc., 59 Temple Place, e 330,JB ' 02111-
1307 USA

*

* Authors: Siddharth Gangadhar <sj . Ku Truc Anh N

Nguyen <annguyen@ittc.ku.edus>,

* and Greeshma Umapathi

'g@?or

'ttesNKu.edu/resilinets
2 Center (ITTC)

* James P.G. Sterbenz <jpgse@
* ResiliNets Research Group

* Information and Telecom et i0on
* and Department of ElectWyc® Eng in d Computer Science
* The University of Kan Jaw ﬁ

* Work supported in I(;:Eure Internet Design)

Program
* under grant CNS- ‘modedy” Internet Architecture),

* NSF grant CNS- etwork Resilience Analysis and

Experimentation
* US Departmenty p A POD ™™ and ITTC at The University of

Kansas.

"/

tdefine NS gsG_PPEND_CONTqé$,
if (m { std::clog ™7 Simulator::Now ().GetSeconds () << "

[node 4

' 4gNg, node->GetId () << "] "; )

rtcp-westwood.h"

#1 "ns3/log.h"

#inc "ns3/trace-source-accessor.h"
#include "ns3/simulator.h"

#include "ns3/abort.h"

#include "ns3/node.h"

#include "ns3/sequence-number.h"
#include "rtt-estimator.h"

#inc

1u

NS LOG COMPONENT DEFINE ("TcpWestwood") ;

namespace ns3 {
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NS OBJECT ENSURE REGISTERED (TcpWestwood) ;

Typeld -
TcpWestwood: :GetTypeId (void)
{
static TypelId tid = Typeld("ns3::TcpWestwood")
.SetParent<TcpSocketBase> ()
.AddConstructor<TcpWestwood> ()

.AddTraceSource ("CongestionWindow", "The TCP co
congestion window",

MakeTraceSourceAccessor (&TcpW
.AddTraceSource ("SlowStartThreshold", Q N
es) )]

"TCP slow start threshold (
‘itﬁbse no filter or

MakeTraceSourceAccessor
(&TcpWestwood: :m ssThresh) )

.AddAttribute ("FilterType", "Use this
Tustin's approximation filter",

EnumValue (TcpWestwood e

MakeEnumAccessor (&TcpWestwood: :m fType),

MakeEnumChecker (TcpW
TcpWestwood: : TUSTIN, "Tustin"))

.AddAttribute ("ProtocolType", "U
Westwood or WestwoodPlus",

EnumValue (TcpWest
MakeEnumAcces

MakeEnumChe ck@ashl
"Westwood" , TcpWestwood: WESTWOO%
dB

.AddTraceSource ("Estima

: :‘;QS WOOD,

d‘®|r))

'mgsed bandwidth",

MakeTraceSourceAccessor (&Tcp
return tid;

}

TcpWestwood: : TcpWestw
m inFastRec(false),
m currentBW(0),

m lastSampleBW (0 \
m_lastBW(O) &
m minRtt (0),

m lastAck(0),
m prevAckNo
m account

m ackedS
m I sCou&a

{ SN

|

T stpood: : TcpWestwood (const TcpWestwood& sock)
TcpSOcketBase (sock) ,
m cWnd(sock.m cWnd),
m ssThresh(sock.m ssThresh),
m initialCWnd(sock.m initialCWnd),
m initialSsThresh (sock.m i1nitialSsThresh),
m inFastRec (false),
m currentBW (sock.m currentBW),
m lastSampleBW(sock.m lastSampleBW),
m_lastBW(sock.m lastBW),
m _minRtt (sock.m minRtt),
m_lastAck (sock.m lastAck),

d
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m prevAckNo (sock.m prevAckNo),

m accountedFor (sock.m accountedFor) ,
m_ pType (sock.m pType)-,

m_ fType(sock.m fType),

m IsCount (sock.m IsCount)

NS LOG FUNCTION (this) ;
NS LOG LOGIC ("Invoked the copy constructor");
NS _LOG_INFO ("m_minRtt at copy constructor" << m mi

)

TcpWestwood: : ~TcpWestwood (void)

{
}

int
TcpWestwood: :Listen (void)

{

NS LOG_FUNCTION (this)
InitializeCwnd () ;
return TcpSocketBase: :Listen ()

}

int
TcpWestwood: : Connect (const Addres

{

NS LOG_FUNCTION (this << add

InitializeCwnd() ;

return TcpSocketBase: : Conne;
}

uint32 t
TcpWestwood: : Window

{
(tH‘;::'
(m rwngr. G

NS LOG FUNCTION
return std: :min -

}

Ptr<TcpSocketBas
TcpWestwood: : Fo

{

NS LOG FUN

-
!

void
TcpWe : :NewAck (const SequenceNumber32& seq)
{ //Ngamy as Reno

LO@ FUNCTION (this << seq);

_LOGIC ("TcpWestwood receieved ACK for seq " << seq <c<
" cwnd " << m cWnd <<
" ssthresh " << m ssThresh);

// Check for exit condition of fast recovery
1f (m inFastRec)
{// First new ACK after fast recovery, reset cwnd as in Reno
m cWnd = m_ssThresh;
m inFastRec = false;
NS LOG INFO ("Reset cwnd to " << m cWnd);

} i
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// Increase of cwnd based on current phase (slow start oOr
congestion avoidance)
1f (m cWnd < m ssThresh)
{ // Slow start mode, add one segSize to cWnd as 1in Reno
m_cWnd += m_segmentSize;
NS LOG INFO ("In SlowStart, updated to cwnd " << m ? i

ssthresh " << m ssThresh);

}

else %
{ // Congestion avoidance mode, increase by *

(segSize*segSize) /cwnd as in Reno |
double adder = static castc<doubles (m_segmenEEEZé *
m_segmentSize) / m_cWnd.Get () ;
adder = std::max(1.0, adder) ; V

m_cWnd += static_cast<uint32 t>(adder)

NS_LOG_INFO ("In CongAvoid, updated tc
ssthresh " << m ssThresh) ;

}

// Complete newAck processing
TcpSocketBase: :NewAck (seq) ;

}

volid
TcpWestwood: :ReceivedAck (Ptr<Pac
t cpHeader)
| NS LOG FUNCTION (this);
int acked = 0;
1f ((0 != (tcpHeader.Get
tcpHeader.GetAckNumber ()
{// It is a duplicat
1f (m_pType == N
{// For West
estimate the BW

{cpHeader&

O

: :ACK) ) &&

AN

ACRN, 0ld ACK 1is ignored.

umber of ACKed segments and

Time (0)) ;

|
es od: : WESTWOODPLUS)
@Eﬁte the number of ACKed segments and

{ 1c

= Coun™¥ck (tcpHeader) ;
UpdateAckedSegments (acked) ;

TcpSocketBase: :ReceivedAck (packet, tcpHeader) ;

}

void
TcpWestwood: :EstimateBW (int acked, const TcpHeader& tcpHeader, Time
rtt)
{
NS LOG FUNCTION (this);
1f (m pType == TcpWestwood: :WESTWOOD)

{
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// Get the time when the current ACK is received
double currentAck = static cast<double>

(Simulator: :Now() :GetSeconds () ) ;
// Calculate the BW
m_currentBW = acked * m segmentSize / (currentAck - m_lastAck) ;
// Update the last ACK time
m_lastAck = currentAck;

} :z
else 1f (m_pType == TcpWestwood: : WESTWOODPLUS) C\

{
// Calculate the BW &
m_currentBW = m_ackedSegments * m_segmentSize / °
rtt.GetSeconds () ; 22
// Reset m_ackedSegments and m IsCount foz th® next sampling
m_ackedSegments = 0; N
m_IsCount = false;

}

// Filter the BW sample
Filtering() ;

}

int
TcpWestwood: : CountAck (const TcpHeade

{

NS LOG FUNCTION (this);

// Calculate the number of
received ACK number

int cumul ack = (tcpHeadery

é;p_prevACkNo) /
m segmentSize;

Q-
&
Q

gmeh gfﬁgbered successfully

’
&

1f (cumul ack == 0)
{// A DUPACK cou

m accountedFor
cumul ack =

}

1f (cumul ack >

{// A delay
// Check
1f (m &

| Lf (m_accountedFor < cumul ack)

S

// Update the previous ACK number
m prevAckNo = tcpHeader.GetAckNumber() ;

cumul ack -= m accountedFor;
m accountedfFor = 0;

return cumul ack;

}

void
TcpWestwood: : UpdateAckedSegments (int acked)
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{
}

void
TcpWestwood: : DupAck (const TcpHeader& header, uint32 t count)

{
NS LOG_ FUNCTION (this << count << m cWnd); q-'
1f (count == 3 && !m 1nFastRec) %
ted B

m ackedSegments += acked;

{// Triple duplicate ACK triggers fast retransmi
// Adjust cwnd and ssthresh based on the esti

m_ssThresh = uint32 t(m_currentBW * static ca
(m_minRtt.GetSeconds())) ;

1f (m_cWnd > m ssThresh)
{ _
m_cWnd = m ssThresh;

}

m_i1nFastRec = true;

W
ubles

cwnd to " << m cWnd <<", ssthresh to "
DoRetransmit () :

}

else 1f (m inFastRec)
{// Increase cwnd for every add
m cWnd += m_segmentSize;
NS LOG INFO ("Dupack in f
<< m_cWnd) ;
SendPendingData (m conne
}

}

void

TcpWestwood: :Retransmijpr (vgid)
{ C)E
S

NS LOG FUNCTION (this);
NS LOG_LOGIC (thi " R4T
Simulator: :Now () .dcWgecondg
m 1nFastRec %;
// 1f erronegt$
v I (m_Statg LOS} : i E
. X

recurn
// If al% are receivﬁ) just return
1f (m tagBu r.HeadSequeﬁbe() >= m nextTxSequence)

I
=
M
O
=

| n RTO, adjust cwnd and ssthresh based on the estimated BW
= J'esh = std::max (static cast<doubles (2 * m segmentSize),
m_cur tBW.Get () * static cast<double> (m minRtt.GetSeconds()));

m cWnd = m_segmentSize;

// Restart from highest ACK
m nextTxSequence = m_txBuffer.HeadSequence() ;
NS LOG INFO ("RTO. Reset cwnd to " << m cWnd <<
", ssthresh to " << m ssThresh << ", restart from segnum " <«
m nextTxSequence) ;

// Double the next RTO
m_rtt->IncreaseMultiplier() ;
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// Retransmit the packet
DoRetransmit () ;

}

void
TcpWestwood: :EstimateRtt (const TcpHeader& tcpHeader)

{

NS LOG_FUNCTION_NOARGS () ;

// Calculate m lastRtt
TcpSocketBase: :EstimateRtt (tcpHeader) ;

// Update minRtt
1f (m minRtt == Time (0))

{

m minRtt

}

else

{

1f (m _lastRtt < m minRtt)

{

m minRtt = m lastRtt;

}

m lastRtt;

}

// For Westwood+, start runni&al

RTT if possible
// to trigger a new BW samp even

1f (m _pType == TcpWestwood: WEU!

{

1f (m lastRtt !=
'm IsCount)

{

m IsCount

JxY:Schedule (m_ lastRtt,
&TcpWestwood: : Est igfflgeBW, ti s, tdSegments, tcpHeader, m_lastRtt) ;

}
}
}

void

V fType == TcpWestwood: :NONE)

else if (m fType == TcpWestwood::TUSTIN)

{

double sample bwe = m_currentBW;

m currentBW = (alpha * m lastBW) + ((1 - alpha) * ((sample_bwe
+ m lastSampleBW) / 2));

m lastSampleBW = sample_bwe;

m lastBW = m_currentBW;

| .
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}

void
TcpWestwood: : SetSegSize (uint32 t size)

{

NS ABORT MSG UNLESS (m state == CLOSED, "TcpWestwood: : SetSegSize ()
cannot change segment size after connection started.");

m segmentSize = size; \q

void A:
TcpWestwood: : SetInitialSSThresh (uint32 t thresholqd)

{

NS_LOG_FUNCTION (this);
NS_ABORT_MSG_UNLESS (m_state == CLOSED, "TcpWes _

cannot change initial ssThresh after connection |
m 1nitialSsThresh = threshold; l

uint32 t
TcpWestwood: :GetInitialSSThresh (void)

{

COR

NS LOG_FUNCTION (this);
return m initialSsThresh;

}

void
TcpWestwood: :SetInitialCwnd

{
NS ABORT MSG UNLESS (m stat
"TcpWestwood: :SetInitialCwn

connection started."); *\-
m initialCWnd = cwnd;

} .
uipt3ds t f
TcpWestwood: :GetIniplA
{

NS LOG FUNCTIO hYs
return m initil 5

| X

void % d % b 4
TcpWestwoqQd :Q§InitializeCwnd{pid)
{ N

CTION (this);
ralize congestion window, default to 1 MSS (RFC2001, sec.1l)

be larger than 2 MSS (RFC2581, sec.3.1l). Both m_initiaCWnd
and
* m segmentSize are set by the attribute system in ns3::TcpSocket.

m cWnd = m 1nitialCWnd * m segmentSize;
m_ssThresh = m initialSsThresh;

}

} // namespace ns3



162

APPENDIX E

PETRA CONGESTION CONTROL SOURCE CODE

#define NS LOG APPEND CONTEXT \
if (m node) { std::clog << Simulator::Now (). GetSecondsT )
[node " << m node->Getld () << "] "; } §§~'

#include "tcp-westwood.h" s )
#include "ns3/log.h" |
#include "ns3/trace-source-accessor.h"

#include "ns3/simulator.h" i
#include "ns3/abort.h" V
#include "ns3/node.h"

#include "ns3/sequence-number.h" Y.

#include "rtt-estimator.h"

NS LOG_COMPONENT DEFINE ("TcpPETRA") :

namespace ns3 {

NS OBJECT ENSURE REGISTERED (TcpPETRA) Yv

(: :
40 “IEEITCP connection's

ee i\br(&TcpPETRA :m_cWnd) )

é t@s to choose no filter or

Typeld
TcpPETRA: :GetTypeld (void)

{

static Typeld tid = TypeId '
.SetParent<TcpSocketBa
AddConstructorcTcpPE
.AddTraceSource ( “Co
congestion window",

.AddAttribute("

): TUSTIN) ,

ck cpPETRA : NONE, "None',

;),.6? "Use this to let the code run as

ue l& CPpPETRA: : PETRA) ,
MaeE umﬁEEessor(&TcpPETRA m_pTYPE)

MakeEnqggﬁecker(TcpPETRA : PETRA,
Westwood: : WESTWOODPLUS, "WestwoodPlus"))

ceSource ("EstimatedBW", "The estimated bandwidth",
MakeTraceSourceAccessor (&TcpPETRA: :m currentBW)) ;

'mu)
OtO

"PETRA"

1d:

}

TCpPETRA: : TcpPETRA (void)
m inFastRec (false),
m currentBW(0),
m lastSampleBW(0),
m lastBW(0),
m minRtt (0),
m_lastAck(0),
m prevAckNo (0) ,
m_accountedFor (0),



m ackedSegments(0),
m IsCount (false)

{
}

TcpPETRA: : TcpPETRA (const TcpPETRA& sock)
TcpSocketBase (sock) ,
m cWnd(sock.m cWnd),
m:ssThresh(sock.m_ssThresh),
m initialCWnd(sock.m 1nitialCWnd),
m:inFastRec(false),
m currentBW (sock.m currentBW),
m lastSampleBW(sock.m lastSampleBW),
m_lastBW(sock.m lastBW),
m_minRtt (sock.m minRtt),
m lastAck(sock.m lastAck),
m_prevAckNo (sock.m prevAckNo),
m_accountedFor (sock.m accountedFor),
m_ pType (sock.m pType),
m fType(sock.m fType),
m IsCount (sock.m IsCount)

NS LOG FUNCTION (this);

{

NS LOG FUNCTION (this);

NS LOG LOGIC ("Invoked the copy dhqu

NS LOG INFO ("m_minRtt at copy %
} AN

TcpPETRA: : ~TCpPETRA (void)

{
}

double last EBW(O0) ;
bool IsInitial (true) :

int
TcpPETRA: :Listen (voi®

NS_LOG_FUNCTIO &h\) ;

InitializeCwnd (
return TcpSock se:p: L
#

}
1Tk k F e | $
TcpPETRA: : C %ﬁ (cO dms & address)
{ -
NS_LOG!E,~CION (this <<“wddress) ;
Initid&Y wnd () ;
ret WpSocketBase: :Connect (address) ;
nt

)
ul t

TcpPETEA::Window (void)

\

NS LOG FUNCTION (this);
return std::min (m rWnd.Get (), m_cWnd.Get ());

}

Ptr<TcpSocketBase>
TcpPETRA: : Fork (void)

{

NS LOG FUNCTION (this);

163
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return CopyObject<TcpPETRA> (this) ;

}

void
TcpPETRA: :NewAck (const SequenceNumber32& seq)
{ // Same as Reno
NS LOG FUNCTION (this << seq);
NS LOG LOGIC ("TcpPETRA receieved ACK for seqg "
" cwnd " << m cWnd <<
" ssthresh " << m ssThresh);
uint32 t EBW= m _currentBW * static castc<doubles>
(m_minRtt.GetSeconds()) ;

// Check for exit condition of fast recovery
1f (m_inFastRec && seq < m prevAckNo)

| Y
m_cWnd += m_segmentSize - (seq - m txBuffe dSequence ()) ;
NS_LOG_INFO ("Partial ACK in fast recov wnf 38F to " g«

59

m cWnd) ;

Y

m_txBuffer.DiscardUpTo(seq); //Bug 1 t before

newack

DoRetransmit (); // Assume the next
lost packet |
TcpSocketBase: :NewAck (seq);
send new data 1f allowed by window
return;
}

else if (m inFastRec && seq >=

m cWnd = EBW;

m inFastRec = false;
NS LOG INFO ("Reset cwnd
//FlightSzie+=m cWnd;

} i

1f (BytesInFlight () >=
{ // Congestion avoidan
as in Reno |
double adder = stg
m segmentSize) / m cWn
adder = std::ma

m cWnd += statycCgec
NS LOG_ INFO EQn
bm U C

ssthresh " << m s

//FlightSz w
// Increase a@»ynd based on-ﬂ&}rent phase (slow start or

congestion aw nce)
else 1f ( BytesInFlight () > 2)
{ // & start mode, add two segSize to cWnd
| - 2*m segmentSize;
INFO ("In SlowStart, updated to cwnd " << m_cWnd << "

NS

ssthresh " << m _ssThresh);
//FlightSzie+=m_cWnd;

}

else
( // Normal slow start

m cWnd += m_segment51ze;

)

// Complete newAck processing
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TcpSocketBase: :NewAck (seq) ;

j

void
TcpPETRA: :ReceivedAck (Ptr<Packet> packet, const TcpHeaders
tcpHeader)

{
NS LOG_FUNCTION (this); %
int acked = 0; \T

if ((0 != (tcpHeader.GetFlags () & TcpHeader::ACK)) &&
tcpHeader .GetAckNumber () >= m_prevAckNo) L ,
{// It is a duplicate ACK or a new ACK. 0ld ACK is‘;§§gred,
if (m pType == TcpPETRA: :PETRA) -
{// For PETRA, calculate the number of ACKed gisaznts and

estimate the BW
acked = CountAck (tcpHeader) ; | V
EstimateBW (acked, tcpHeader, Time (0)p :;
j
else 1f (m pType == TcpWestwood: :WESTW
{// For Weswood+, calculate the numbe

update m ackedSegments
if (m_IsCount)

{

acked = CountAck (tcpHeade
UpdateAckedSegments (acked)

|
|
j

if (IsInitial==trie)
m ssThresh = std::max (static
m currentBW.Get () * static_ca

TcpSocketBase: : ReceivedAck

]

void
TcpPETRA: :EstimateBW (iﬂ% '
rtt)

{ N
double alpha = 0.9;&

NS LOG_ FUNCTION WNS) |
1f (m pType == Tdg d -
{

S
w

-
!

// Get th % lfvga ?nt ACK 1s received
double cyg@ntAck *=pf icemst<doubles
(Simulator: : Nowy .etSeconds()E§¢
// Call'ac the BW N
m CUuMgENg = acked * m segmentSize C ~
/7JH§E§.e the last ACK Eimg i emrmsi RARBEASNS 2
' nitial==true)
cumrentBW = (alpha*m_currentBW) + (1- alpha)*]_ast EBW

weftAck = currentAck;
last EBW = m_currentBW;

|

else 1f (m—pType —— TCPWEStWODd: :WESTWOODPLUS)

{

// Calculate the BW
m currentBW = m ackedSegments * m_segmentSize /

rtt.GetSeconds () ;
// Reset m_ackedSegments and m_IsCount for the next sampling

m ackedSegments = 0;



m IsCount = false;

}

// Filter the BW sample
Filtering () ;

}

int
TcpPETRA: : CountAck (const TcpHeader& tcpHeader)

{ _ ‘ \z
NS LOG_FUNCTION (this); s )

// Calculate the number of acknowledged segments b n the
received ACK number
int cumul ack = (tcpHeader.GetAckNumber() - mﬂpr

m_segmentSize;

1f (cumul ack == 0)
{// A DUPACK counts for 1 segment deliv
m_accountedFor++;
cumul ack = 1;
}

1f (cumul ack > 1)

{// A delayed ACK or a cumulative AQ
// Check how much new data 1t.AC =

1f (m_accountedFor >= cumul a )
{

m_accountedFor -= cumul a

cumul ack = 1;
}
else if (m accountedFo ul
{

cumul_ack -=
m;accountedFor

}
}

// Update the previ
m prevAckNo w

return cumul

}
void
TcpPETRA

m ackedSe }h’wts + = aCkEd;

void
TcpPETRA :DupAck (const TcpHeader& header, uint32_t count)

kedSegmentg‘r nt acked)

Time Frtt;
Frtt=m lastRtt-m_rtt- sGetCurrentEstimate () ;

NS LOG_ FUNCTION (thls << count << m cWnd) ;
1f (((4 count) * m lastRtt >= m rtt- >Retransm1tT1meout()) &&

'm inFastRec)

{

m ssThresh = m currentBW * static_cast<double>
(m minRtt.GetSeconds()) ;
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1f (m cWnd > m_ssThresh)

{
}

m cWnd = m_ssThresh;

m prevAckNo = m_highTxMark;
m inFastRec = true;
DoRetransmit () ;
else if (count == 3 && !m inFastRec)

// Triple duplicate ACK triggers fast retransmit
// Adjust cwnd and ssthresh based on the estimated

{

m ssThresh = m_currentBW * static_cast<double>
(m minRtt.GetSeconds()) ;
if (m cWnd > m ssThresh) V
m prevAckNo = m_highTxMark;
m inFastRec = true;

NS LOG INFO ("Triple dupack. Enter fafgy recoyery
cwnd to " << m cWnd << |
SS

", ssthresh to " << hresl <<
recovery seqgnum " << m prevAckNo) ;
DoRetransmit () ;
)
else 1f (m inFastRec)
{// Increase cwnd for every addrl
if (Frtt >0)
m _cWnd += 2*m_segmentSize;
else
m_cWnd += m_segmentSize:

m cWnd = m_ssThresh;

}

NS LOG_INFO ("Dupac
<< m_and);

else 1f (!m inFast

txue) :
m nex
sequence

TcpPETRA: :Retransmit (void)
{

NS LOG FUNCTION (this);

NS LOG LOGIC (this << " ReTXTimeout Expired at time " <<
Simulator: :Now () .GetSeconds ()) ;

m inFastRec = false;

// 1f erroneous timeout in closed/timed-wait state, just return
if (m state == CLOSED || m_state == TIME_WAIT)
return;

// Advance next tx

167
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// If all data are received, just return
1f (m_txBuffer.HeadSequence () >= m nextTxSequence)
return;

// Upon an RTO, adjust cwnd and ssthresh based on the estimated BW
m ssThresh = std::max (static cast<doubles> (2 * m segmentSize),

m currentBW.Get () * static_cast<doubles> (m minRtt.GetSecondg())) ;
if (BytesInFlight () < m_ssThresh && m lastRtt <= m rtt-
>GetCurrentEstimate () )
m cWnd = BytesInFlight ()/2;

//else if (m cWnd < m ssThresh)
else 1f (m lastRtt<= m rtt->GetCurrentEstimate())
m cWnd =BytesInFlight ()/4;
else

{

// Double the next RTO
m rtt->IncreaseMultiplier();
m cWnd = m_segmentSize;

)

m nextTxSequence = m_txBuffer.HeadSequence () ;
NS LOG_INFO ("RTO. Reset cwnd to " << m
", ssthresh to " << m ssThresh <<

m nextTxSequence) ;
// Retransmit the packet

DoRetransmit () ;

}

void
TcpPETRA: :EstimateRtt (const Tcp%de

{
N\

¥ep

NS_LOG_FUNCTION NOARGS () ;

// Calculate m lastRtt
TcpSocketBase: :Estimat

o

// Update minRtt
1f (m_minRtt ==

//
RTT 1

// to trigger a new BW sampling event
1f (m pType == TcpWestwood: :WESTWOODPLUS)

{

1f (m lastRtt != 0 && m state == ESTABLISHED && !m IsCount)
m IsCount = true;
m bwEstimateEvent.Cancel () ;
i_bwEstimateEvent = Simulator::Schedule (m_lastRLL,
&Tchestwood::EstimateBW,this,m_ackedSegments,tcpHeader,m_lastht);

}

start running a clock on the currently estimated
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)

volid
TcpPETRA: :Filtering ()

{

NS LOG_FUNCTION (this);

g

double alpha = 0.9;

if (m fType == TcpPETRA: :NONE) f )
{ ‘:\u
b

else 1f (m fType == TcpPETRA: :TUSTIN)

{

double sample bwe = m currentBW;
m_currentBW = (alpha * m lastBW) + ((1
+ m lastSampleBW) / 2));
: m lastSampleBW = sample bwe;
m lastBW = m_currentBW;

}

1ga) l* ((sample bwe

}

void
TcpPETRA: : SetSegSize (uint32 t size)

{

NS ABORT MSG UNLESS (m state ==
cannot change segment size after cot
m_segmentSize = size;

}

void
TcpPETRA: : SetSSThresh (uin

{

NS LOG_FUNCTION (this
m_ssThresh = threshold;

}

uint32
TcpPETRA: : GetSSTh

{

NS LOG FUNCTI
return m ssT

void |
TcpPETRA: : S& itialCwnd (uint32 t cwnd)
: i
NS MSG_UNLESS (m_state == CLOSED, "TcpPETRA::SetInitialCwnd ()

ge initial cwnd after connection started.");
m i1nitialCWnd = cwnd;

uint32 t
TcpPETRA: :GetInitialCwnd (void) const

{

NS LOG FUNCTION (this);
return wm_initialCWnd;

}



170

void
TcpPETRA: :InitializeCwnd (void)

{

NS LOG FUNCTION (this);
/*
* Initialize congestion window, default to 1 MSS (RFC2001, sec.1l)

and must
* not be larger than 2 MSS (RFC2581, sec.3.l1). Both m ‘ngiaCWnd

o |

and
* m_segmentSize are set by the attribute system in S %‘cpsiocket.
m cWnd = m_initialCWnd * m_ segmentSize;

]

} // namespace ns3
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