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Abstract

Network community has been widely using the simulation tool, NS-2 for research. Traditionally NS-2 does not support the Active network paradigm. The first attempt to make NS-2, Active Network compliant was made in 1998. The NS-2 version (NS-2.1b5), used in that work is considered to be obsolete. 
One of the contributions of this monograph is the exercises we carried out to make the latest versions (NS-2.26 and NS-2.27) Active Congestion Control (ACC) compliant. This technical report also presents how the Available Bandwidth-based Congestion Detection (ACC – ABCD) is incorporated into the passive NS-2 architecture.
Keywords:
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“A simulation is the execution of a model, represented by a computer program that gives information about the system being investigated. The simulation approach of analyzing a model is opposed to the analytical approach, where the method of analyzing the system is purely theoretical. As this approach is more reliable, the simulation approach gives more flexibility and convenience.” – [Simulation Model Book]
1.0 Overview
We have extended current NS-2.26 version of network simulator to support the Active Congestion Control (ACC) module presented in [Faber 98].  To confirm the validity of ACC-NS-2 extension we have compared the results of our system with the results reported in [Faber 98]. 
Then we have incorporated Available Bandwidth-based Congestion Detection functionality into the NS-2. We have also compared the performance of ACC –ABCD methodology with TCP based congestion control.
The figure 1 shows the overall functioning of NS-2 simulation tool. NS-2 is an object-oriented network simulator written in C++ and OTcl. Simulation topologies are written in TCL (tool command language) language, which are linked with background C++ simulator modules using Otcl linkage. NS is primarily useful for simulating local and wide area networks.

As it can be observed that the functionality changes have to be carried out on ns-classes which are written in C++.
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[image: image1]Figure 1: Discreet Event Scheduler

For analyzing the results we have used scripting languages like perl and awk. The NS-2 writes all traces to a file, which needs to be parsed to present the results in desired manner. Apart from graph drawing utilities such as X-graph, Gnuplot we have used analysis tools likes Trace-graph and NANS-2 graphical analysis of results. 

2.0 Introduction
NS-2 is an open-source simulation tool. It is a discreet event simulator targeted at networking research and provides substantial support for simulation of routing, multicast protocols and IP protocols, such as UDP, TCP, RTP and SRM over wired and wireless (local and satellite) networks. 

The main users of an event scheduler are network components that simulate packet-handling delay or that need timers. Figure 2 shows each network object using an event scheduler. Note that a network object that issues an event is the one who handles the event later at scheduled time. Also note that the data path between network objects is different from the event path. Actually, packets are handed from one network object to another using send(Packet* p) {target_->recv(p)}; method of the sender and recv(Packet*, Handler* h = 0) method of the receiver.
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Figure 2: Discreet Event Scheduler

3.0 NS-2 Class Hierarchy
The following (figure 3) shows the class hierarchy, that has been used in NS-2. 
[image: image3.png]TelObject

NsObject

Other
Objects

Comnector Classifier

SnoopQueue |[Queue | [ Delay | [Agent ][ Trace | [AddrClassifier |[McastClassifier

/

In ][ Out | [Drp |[Edrp | [DropTail|[RED] [TCP |[UDP] [Eng][Deg] [Drop][Recy

Reno |[ SACK





Figure 2: Discreet Event Scheduler

It can be observed that it is modeled after Object Oriented approach. The changes need to be carried out in structured manner.
3.1 Migration of ACC from NS-2.1b5 to NS-2.26
The earlier version of ACC is not structured one. The ACC work has extended RED, Drop-Tail Queues and TCP agents. These respective classes need to be moved under directories ‘Queue’ and ‘TCP’.
These new classes need to be added to the make-file so that it can be compiled with the whole package and these changes are reflected in the changed functionality.

After these straight forward operations the compatibility of old TCP and Queue header files with new ones is the task on hand. Following figure 4 shows the functioning of unicast and multicast node in new NS-2 environment.
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Figure 4: Unicast and Multicast Node
It can be observed that packets are processed according to address and port classifiers. This was not there in earlier version when the whole node address was represented using a 32 bit integer. But now it is represented using a structure which handles the address classifier and port classifier as a two components of node address.
This has forced us to cast the old address variables in the new type. Same way source and destination methods used to compare one integer which needs to be changed to looped checking. Since address classifier has been separated from the port classifier, the port need not be matched if address classifiers are different and vice a versa.
Following figure 5 shows how a unicast node establishes a link with another unicast node.
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Figure 5: Unicast Node Communication

Our experiments were carried out on same configuration where two communicating agents were TCP. The FTP application is generating the data which is sent over the duplex link.

The following figures 6-A and 6-B show the architecture of link in NS-2. The ACC work makes use of drop event associated with Queue class. A closer look at the link internals gives access to different modules related to queue operation such as enqueue and dequeue. Which were useful in implementing ABCD methodology in RED queue.
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Figure 6-A: Simplex Link
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Figure 6-B: Link with trace Objects

The following figure 7 shows the augmented NS-2 architecture of ACC.
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Figure 7: NS-2 architecture with ACC

So far we have seen how the passive network simulator has been modified to simulate Active packets. The compatibility of this work with the latest version of NS-2 is a contribution of this technical report. In the following section we will explain the incorporation of ABCD methodology.
4.0 ACC – ABCD extension

The ABCD methodology is a two fold theory. In the first step the links congestion is measured at the other side node of the link. In this functionality the enqueue model depicted in figure 6-B in used for obtaining the packet statistic.

Based on this feedback the packet size adjustment is performed at the node which at the beginning of the congested link. In a quick review if we take a closer look at the unicast node architecture (Figure 8) then it can be observed that classifier module can give access for the packet modulation.
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Figure 8: NS-2 Packet structure

The packet structure in NS-2 is as shown in the figure 9 –
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Figure 9: NS-2 Packet structure

The common header is defined as a structure in the C++ classes. This encapsulates the IP header as well as all other headers. So the size variable represents the simulated packet size. This modulation represents the reduction in packet size.

The rate modulation functionality of ABCD is achieved through the ACC module where the Active packet sends feedback with the changed window size which is half the original. In ACC - ABCD this is changed according to formulae we have discussed in [Bharadwaj Thesis].
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Appendix A – Simulation Scripts and NS-2 modules
A-1) The following TCL script simulates the ACC topology as presented in the [Faber 98]. 
set ns [new Simulator]

set namFile [open trace.nam w]

$ns namtrace-all $namFile

set f [open out.tr w]

$ns trace-all $f

$ns at 200.0 "finish"

proc finish {} {

global f

global ns

global namFile

$ns flush-trace

close $namFile

close $f

exec nam trace.nam &

exec awk -f acc.awk out.tr &

exit 0

}

for {set mn 0} {$mn<10} {incr mn} {

set BulkSender($mn) [$ns node]

}

set Router1 [$ns node]

set Router2 [$ns node]

set Router3 [$ns node]

set Router4 [$ns node]

for {set mn 0} {$mn<10} {incr mn} {

set BulkReceiver($mn) [$ns node]

}

for {set mn 0} {$mn<10} {incr mn} {

$ns duplex-link $BulkSender($mn) $Router1 10Mb 10ms DropTail

set DuplexLink0 [$ns link $BulkSender($mn) $Router1]

}

$ns duplex-link $Router1 $Router2 10Mb 300ms DropTail

set DuplexLink1 [$ns link $Router1 $Router2]

$ns queue-limit $Router1 $Router2 25

$ns at 5 "$Router2 add-mark act orange hexagon"

$ns duplex-link $Router2 $Router3 1.5Mb 10ms RED/Active

set DuplexLink2 [$ns link $Router2 $Router3]

$ns duplex-link-op $Router2 $Router3 label "Congested"

$ns duplex-link-op $Router2 $Router3 color "blue"

$ns duplex-link $Router3 $Router4 10Mb 10ms DropTail

set DuplexLink3 [$ns link $Router3 $Router4]

for {set mn 0} {$mn<10} {incr mn} {

$ns duplex-link $Router4 $BulkReceiver($mn) 10Mb 10ms DropTail

set DuplexLink4 [$ns link $Router4 $BulkReceiver($mn)]

  }

for {set pq 0} {$pq<7} {incr pq} {

set CrossSender($pq) [$ns node]

}

for {set pq 0} {$pq<7} {incr pq} {

set CrossReceiver($pq) [$ns node]

}

for {set pq 0} {$pq<7} {incr pq} {

$ns duplex-link $CrossSender($pq) $Router2 10Mb 10ms DropTail

set DuplexLink5 [$ns link $CrossSender($pq) $Router2]

}

for {set pq 0} {$pq<7} {incr pq} {

$ns duplex-link $Router3 $CrossReceiver($pq) 10Mb 10ms DropTail

set DuplexLink6 [$ns link $Router3 $CrossReceiver($pq)]

  }

for {set mn 0} {$mn<10} {incr mn} {

set TCP0($mn) [new Agent/TCP/Active]

$TCP0($mn) set fid_ 1

}

for {set mn 0} {$mn<10} {incr mn} {

set TCPSink0($mn) [new Agent/TCPSink/Active]

}

for {set pq 0} {$pq<7} {incr pq} {

set UDP0($pq) [new Agent/UDP]

$UDP0($pq) set rate_ 100K

$UDP0($pq) set fid_ 2

}

for {set pq 0} {$pq<7} {incr pq} {

set Null0($pq) [new Agent/Null]

}

for {set pq 0} {$pq<7} {incr pq} {

$ns attach-agent $CrossReceiver($pq) $Null0($pq)

}

for {set mn 0} {$mn<10} {incr mn} {

$ns attach-agent $BulkReceiver($mn) $TCPSink0($mn)

}

for {set pq 0} {$pq<7} {incr pq} {

$ns attach-agent $CrossSender($pq) $UDP0($pq)

}

for {set mn 0} {$mn<10} {incr mn} {

$ns attach-agent $BulkSender($mn) $TCP0($mn)

}

for {set pq 0} {$pq<7} {incr pq} {

set ExpOnOff0($pq) [new Application/Traffic/Exponential]

$ExpOnOff0($pq) set packetSize_ 1000

$ExpOnOff0($pq) set burst_time_ 2500ms

$ExpOnOff0($pq) set idle_time_ 2500ms

$ExpOnOff0($pq) set rate_ 100k

}

for {set mn 0} {$mn<10} {incr mn} {

set FTP0($mn) [new Application/FTP]

$FTP0($mn) set packetSize_ 1000

}

for {set mn 0} {$mn<10} {incr mn} {

$ns connect $TCP0($mn) $TCPSink0($mn)

}

for {set pq 0} {$pq<7} {incr pq} {

$ns connect $UDP0($pq) $Null0($pq)

}

for {set mn 0} {$mn<10} {incr mn} {

$FTP0($mn) attach-agent $TCP0($mn)

}

for {set pq 0} {$pq<7} {incr pq} {

$ExpOnOff0($pq) attach-agent $UDP0($pq)

}

for {set pq 0} {$pq<7} {incr pq} {

$ns at 200 "$ExpOnOff0($pq) stop"

  }

for {set pq 0} {$pq<7} {incr pq} {

$ns at 0 "$ExpOnOff0($pq) start"

  }

for {set mn 0} {$mn<10} {incr mn} {

$ns at 200 "$FTP0($mn) stop"

  }

for {set mn 0} {$mn<10} {incr mn} {

$ns at 0 "$FTP0($mn) start"

  }

$ns color 1 red

$ns color 2 green

$ns run

The results of above simulation script were found to be in accordance with results reported in [faber 98].

A-2) Following are the NS-2 modules with our changes for NS-2.26 compatibility.

/* The list of blocked sources in an Active<> queue */

class ActiveBlocklist {

    static const int blsize = 100;

protected:

    int size;

    class blocknode;

    class blocknode *list;

public:

    inline ActiveBlocklist(int s);

    inline int blocked(ns_addr_t src, ns_addr_t dst);

    inline int blocked(ns_addr_t src, ns_addr_t dst, int w, int);

    inline int block(ns_addr_t src, ns_addr_t dst, int w, int, int);

};

class ActiveBlocklist::blocknode {

public:

    ns_addr_t src;

    ns_addr_t dst;

    int winsize;

    int num;

    int dropped;

    int id;

    blocknode() : src(), dst(), winsize(), num(), dropped(), id(-1) { }

};

inline ActiveBlocklist::ActiveBlocklist(int s=blsize)

{

    list = new blocknode[size = s];

}

inline int ActiveBlocklist::blocked(ns_addr_t src, ns_addr_t dst)

{

/* Do a linear search to see if the source is blocked, but do not ever

   unblock it */

    int b = 0;
/* true if the source is blocked */

    for (int i = 0; i < size; i++ ) {


if (list[i].src == src && list[i].dst == dst)  //*****************changes


{


    b = 1;


    break;


}

    }

    return b;

}

inline int ActiveBlocklist::blocked(ns_addr_t src, ns_addr_t dst, int w, 

int id)

{

/* Do a linear search to see if the source is blocked, and unblock it

   if either one window's worth of data has been blocked or the source

   has reduced its window. */

    int b = 0;
/* true if the source is blocked */

    for (int i = 0; i < size; i++ ) {


if (list[i].src == src && list[i].dst == dst)


{


    b = (list[i].winsize <= w && list[i].id > id &&



 ++list[i].dropped < list[i].num);


    if ( !b ) {



list[i].src.addr_= list[i].dst.addr_ = (nsaddr_t) 0;



list[i].src.port_= list[i].dst.port_ = (nsaddr_t) 0; //***************changes



return -list[i].winsize;



}

/*  
    else fprintf(stderr,"blocked bw %d w %d dr %d n%d\n", */

/*  


 list[i].winsize, w, list[i].dropped, list[i].num); */


    break;


}

    }

    return b;

}

inline int ActiveBlocklist::block(ns_addr_t src, ns_addr_t dst, int w, int 

num, int id)

{

/* Block the given source. return true if blocked */

     int i;

    //fprintf(stderr,"src %d dst %d win %d num %d\n",src,dst,w,num);

    /* Don't block empty windows (2 or less) */

    if ( w < 3 ) return 0;

    for ( i = 0; i < size; i++ ) 

        if ( ((list[i].src.addr_ == (nsaddr_t) 0) && (list[i].dst.addr_ == (nsaddr_t)0)) && ( (list[i].src.port_ == (nsaddr_t) 0) && 

(list[i].dst.port_ == (nsaddr_t)0))) //////////////////////


 {


    list[i].src = src;  //****************************Changes


    list[i].dst = dst;


    list[i].winsize = w;


    list[i].num = (num >= 0) ? num : w;


    list[i].dropped = 0;


    list[i].id = id;


    break;


}

    if ( i == size) {


fprintf(stderr,"block of %d %d %d %d failed \n",src.addr_,dst.addr_,src.port_,dst.port_);


for ( i =0; i < size; i++ ) {


    fprintf(stderr,"\t%d %d %d %d %d %d\n",



   list[i].src.addr_, list[i].dst.addr_,list[i].src.port_, list[i].dst.port_, list[i].winsize, list[i].dropped);


}


return 0;

    }

    else return 1;

}

#include "ip.h"

#include "tcp.h"

#include "trace.h"

#include "tcp-actcc.h"

#include "blocklist.h"
/* The methods for the list of blocked sources */

template <class Q>

class Active : public Q {

protected:

    NsObject *final_drop;
/* The actual drop object for the queue */

    NsObject *my_node;

/*  The classifier the enqueues things on me */

    int off_ip_;

/*  Offset to the IP header */

    int off_cmn_;

/*  Offset to the common header */

    int off_ip_acc_;

    int off_cmn_acc_;

    int off_tcp_;

/*  Offset to the common header */

    int off_act_tcp_;

/*  Offset to the Active TCP header */

    class Dropper: public NsObject {


Active *parent;

/* The parent of this object */


NsObject *&drop_tgt;
/* The drop target for this queue.

                                   Note that it is a reference to a

                                   pointer, so it is automatically

                                   updated by subsequent changes to

                                   the underlying pointer. */

    public:


Dropper(Active *p, NsObject *&d) :parent(p), drop_tgt(d) {}


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

    } *dropper;


/* An NS object to send feedback after





   which it automatically passes





   packets to the final_drop object,





   which is the object ns assigned





   this queue as a drop node. */

#ifdef ACTIVE_RED

    /* Yes this is henious */

    Dropper *early_dropper;     /* Catch RED early drops */

    NsObject *final_early_drop;

#endif

 public:

    // Dropper needs to access these

    int nextid;

    class ActiveBlocklist *block;/*  A list of blocked connections */

public:

    Active(): nextid(0) {


/* init helper classes classes */


block = new ActiveBlocklist;


if ( drop_ ) {


    final_drop = drop_;


    dropper = new Dropper(this,final_drop);


    drop_ = dropper;


}


else {


    dropper = 0;


    final_drop = 0;


}

#ifdef ACTIVE_RED


if ( de_drop_ ) {


    final_early_drop = de_drop_;


    early_dropper = new Dropper(this,final_early_drop);


    de_drop_ = early_dropper;


}


else {


    early_dropper = 0;


    final_early_drop = 0;


}

#endif


    }

    ~Active() {


if (dropper) delete dropper;

#ifdef ACTIVE_RED


if (early_dropper) delete early_dropper;

#endif


if (block) delete block;

    }

    int command(int, const char*const*);

    virtual void enque(Packet *);

    void feedback(Packet*, int, int, int);

};

template <class Q>

void Active<Q>::Dropper::recv(Packet *p, Handler *h=0)

{

/* This intercepts dropped packets from the underlying queue and sends

   feedback to the TCP sources telling them to reduce their windows.

   The ns justification for this is that it allows the underlying

   queues to implement whatever drop policy they'd like.  The Active<>

   class uses this routine to catch packets on their way to the bit

   bucket and initiate feedback.  This routine also set a filter that

   blocks traffic from the source until it has reduced its window or

   it has had a set amount of traffic discarded. We do not block

   connections in slow start. */

    hdr_cmn  *cmn_hdr = hdr_cmn::access(p);

    hdr_ip *hdr = hdr_ip::access(p);

    hdr_act_tcp *act_tcp_hdr = hdr_act_tcp::access(p);

    ns_addr_t src = hdr->src();

    ns_addr_t dst = hdr->dst(); // ******************** changes ********************

    int w = act_tcp_hdr->window();

      if ( cmn_hdr->ptype() == PT_TCP && !parent->block->blocked(src,dst) ) { 

  
if ( parent->block->block(src,dst,w,w/2,parent->nextid) )

  
    parent->feedback(p,w,parent->nextid++);

      } 

      else if ( cmn_hdr->ptype() == PT_ACTIVE ) 

 // 
fprintf(stderr,"dropping feedback!?\n"); 

    /* Send the dropped packet to the real drop target */

    drop_tgt->recv(p,h);

}

template <class Q>

int Active<Q>::command(int argc, const char*const* argv)

{

/* This overrides the underlying queue's tcl command that specifies

   the drop target, allowing the Active<> class to interpose a dropper

   there.  The argument to a tcl "drop-target" command is assigned to

   Active::final_drop, used by the Dropper class to actually discard

   the packet.  The my-node command is also added, which, with a small

   change to the ns-lib.tcl code, allows the dropper to send

   packets. */

    Tcl& tcl = Tcl::instance();

    if (argc == 2) {


if (strcmp(argv[1], "drop-target") == 0) {


    if (final_drop != 0)



tcl.resultf("%s", final_drop->name());


    return (TCL_OK);


}

#ifdef ACTIVE_RED


if (strcmp(argv[1], "early-drop-target") == 0) {


    if (final_early_drop != 0)



tcl.resultf("%s", final_early_drop->name());


    return (TCL_OK);


}

#endif


if (strcmp(argv[1], "my-node") == 0) {


    if ( my_node != 0)



tcl.resultf("%s", my_node->name());


    return (TCL_OK);


}

    } else if (argc == 3) {


if (strcmp(argv[1], "drop-target") == 0) {


    NsObject* p = (NsObject*)TclObject::lookup(argv[2]);


    if (p == 0) {



tcl.resultf("no object %s", argv[2]);



return (TCL_ERROR);


    }


    if ( dropper == NULL ) {



dropper = new Dropper(this,final_drop);



drop_ = dropper;


    }


    final_drop = p;


    return (TCL_OK);


}

#ifdef ACTIVE_RED


if (strcmp(argv[1], "early-drop-target") == 0) {


    NsObject* p = (NsObject*)TclObject::lookup(argv[2]);


    if (p == 0) {



tcl.resultf("no object %s", argv[2]);



return (TCL_ERROR);


    }


    if ( early_dropper == NULL ) {



early_dropper = new Dropper(this,final_early_drop);



de_drop_ = early_dropper;


    }


    final_early_drop = p;


    return (TCL_OK);


}

#endif


if (strcmp(argv[1], "my-node") == 0) {


    NsObject* p = (NsObject*)TclObject::lookup(argv[2]);


    if (p == 0) {



tcl.resultf("no object %s", argv[2]);



return (TCL_ERROR);


    }


    my_node = p;


    return (TCL_OK);


}

    }

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

}

template <class Q>

void Active<Q>::feedback(Packet *p,int window=0, int ss=0, int id=-1) {

    hdr_ip *hdr = hdr_ip::access(p);

    hdr_tcp *tcp_hdr = hdr_tcp::access(p);

    hdr_act_tcp *act_tcp_hdr = hdr_act_tcp::access(p);

    ns_addr_t src = hdr->src(); // my changes **********************************

    ns_addr_t dst = hdr->dst(); // my changes

        int w = (window) ? window : act_tcp_hdr->window();

    ActiveTcpAgent *agent = act_tcp_hdr->src;


/* The host must have sent a pointer to itself (this is a

           simulation issue) */

    if ( agent ) {


/* allocate and build a feedback packet.  We use the source


   Agent to allocate the packet to avoid scheduling evils.


   See tcp-actcc.h before messing with this! */


Packet *closer = agent->alloc_fb_pkt();


hdr_ip *closer_hdr = hdr_ip::access(closer);


hdr_cmn *closer_cmn_hdr = hdr_cmn::access(closer);


hdr_act_tcp *closer_act_tcp_hdr = hdr_act_tcp::access(closer);


closer_hdr->src() = src; //changes dst


closer_hdr->dst() = dst; //changes src


closer_cmn_hdr->ptype() = PT_ACTIVE;


closer_act_tcp_hdr->window() = w;


closer_act_tcp_hdr->killed() = tcp_hdr->seqno();


closer_act_tcp_hdr->ss() = ss;


closer_act_tcp_hdr->id() = id;


closer_hdr->ttl() = 255;


/* Send the feedback packet to the attached classifier to be


   routed to the TCP source.  The call is to a recv with a


   NULL handler, i.e. the signature we're calling is


   object::recv(Packet *, Handler*=0); */


my_node->recv(closer); //  needssssssssssssssssssssss to be fixed

    }

}

template <class Q>

void Active<Q>::enque(Packet *p)

{

/* Drop blocked packets, otherwise pass them to the underlying queue class. */

    hdr_ip *hdr = hdr_ip::access(p);

    hdr_act_tcp *act_tcp_hdr = hdr_act_tcp::access(p);

    ns_addr_t src = hdr->src();

    ns_addr_t dst = hdr->dst(); // IP HeaderMYYYYYYYYYYYYYYYY Changes ****************

    int w = act_tcp_hdr->window();

    int id = act_tcp_hdr->id();

    if ( block->blocked(src,dst,w,id) > 0 ) {


drop(p);

    }

    else {


Q::enque(p);

    }

}

/* This creates the interface to tcl that allows tcl to create

   Active<> classes */

template <class Q>

class ActiveClass : public TclClass {

public:

    ActiveClass(char *name) : TclClass(name) {}

    TclObject* create(int, const char*const* ) {


return (new Active<Q>());

    }

};
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#Create a simulator object


set ns [new Simulator]


#Define different colors for data flows


$ns color 1 Bluens Simulator Basics


$ns color 2 Red


#Open the nam trace filens Simulator Basics


set nf [open project_b_task_1I.nam w]


$ns namtrace-all $nf


#open the measurement output files


set f0 [open project_b_task_1I_out0.tr w]


set f1 [open project_b_task_1I_out1.tr w]


set f2 [open project_b_task_1I_out2.tr w]
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