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Appendix A

PAIncrementalPlanningCapsule

This ANTS capsule is used by Panda to perform incremental planning.  It is

issued by the source node, visits the connection node, and returns to the source node,

indicating that the incremental plan is deployed and the stream should be unlocked.  This

functionali ty is in the evaluate() method of the capsule class.  The capsule is delivered to

every PANDA node on its way to the destination.  On its way back, it is automatically

forwarded to the source node without visiting any PANDA nodes.

package FMG.Panda.architecture.ants.capsules;

import java.util.Vector;
import java.util.Enumeration;
import java.util.Date;

import ants.Capsule;
import ants.ByteArray;
import ants.Node;
import ants.Xdr;

import FMG.Panda.architecture.ants.PAAddress;
import FMG.Panda.architecture.ants.UserProfile;
import FMG.Panda.architecture.ants.capsules.PAAdaptor;
import FMG.Panda.architecture.ants.capsules.PADataCapsule;
import FMG.Panda.architecture.ants.capsules.PlanHeader;

public class PAIncrementalPlanningCapsule extends Capsule
{
    final private static byte[] MID =
    findMID(" FMG.Panda.architecture.ants.capsules.

PAIncrementalPlanningCapsule");

    protected byte[] mid() { return MID; }

    final private static byte[] PID =
    findPID(" FMG.Panda.architecture.ants.capsules.

PAIncrementalPlanningCapsule");
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    protected byte[] pid() { return PID; }

    // Since we don't have access to UserFlowType (class) we'll mimic
    // the FlowType identifiers here
    public static final int UDP_FLOW_TYPE = 0;
    public static final int TCP_FLOW_TYPE = 1;

    public static final boolean PLANNING_PROTOCOL_PRINTOUT = true;

    public int src;                // ANTS source
    public int dest;               // ANTS destination
    public short paPort;           // The Panda Application Port
    public boolean planned;        // planned?
    public ByteArray sid;          // SessionID (byte[] form)
    public int ufType;             // UserFlow Type ( int form)
    public PlanHeader thePlan;     // The Plan
    public UserProfile userProfile;// user profile
    public int appType;            // application Type (1,3, or 4)

    private ByteArray thePlanBA;
    private ByteArray userProfileBA;
    public Vector protocolList;
    public boolean appFlagDelivery;
    public long rtt;
    public long planning_register_time;

    public int length() {
Enumeration e;

      int s = super.length();
String str;

      s += Xdr.INT;              // src
      s += Xdr.INT;              // dest
      s += Xdr.SHORT;            // paPort

s += Xdr.BYTEARRAY( sid);         // sid
s += Xdr.INT;                    // ufType
s += Xdr.INT;                    // appType
s += Xdr.BOOLEAN;                // planned
s += Xdr.BOOLEAN;                // appFlagDelivery
s += Xdr.LONG;                   // rtt
s += Xdr.LONG;                   // planning_register_time
userProfileBA = new ByteArray( userProfile.toBytes());
s += Xdr.BYTEARRAY( userProfileBA); // user profile
thePlanBA = new ByteArray( thePlan.toBytes());
s += Xdr.BYTEARRAY( thePlanBA);

// Determine the length of protocolList
        s += Xdr.SHORT;         // Number of elements in interceptList
        e = protocolList.elements();
        while ( e.hasMoreElements()) {
            str = (String) e.nextElement();
            s += Xdr.STRING( str);
        }
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        return s;
    }

    public Xdr encode() {
Enumeration e;

      Xdr xdr = super.encode ();

      xdr .PUT( src);
      xdr .PUT( dest);
      xdr .PUT( paPort);

xdr .PUT( sid);
xdr .PUT( ufType);
xdr .PUT( appType);
xdr .PUT(planned);
xdr .PUT( appFlagDelivery);
xdr .PUT( rtt);
xdr .PUT( planning_register_time);
xdr .PUT( userProfileBA);
xdr .PUT( thePlanBA);

// Encode the protocolList
        xdr .PUT((short) protocolList.size());
        e = protocolList.elements();
        while ( e.hasMoreElements()) {

    String str=(String ) e.nextElement();
            xdr .PUT( str);

    if(PLANNING_PROTOCOL_PRINTOUT)
System.out.println ("Adapters :
"+ str.substring(0,str.indexOf(":")));

        }

return xdr;
    }

    public Xdr decode() {
Enumeration e;
int protocolSize;

Xdr xdr = super.decode ();

      src = xdr.INT();
      dest = xdr.INT();
      paPort = xdr.SHORT();
      sid = xdr.BYTEARRAY();
      ufType = xdr.INT();

appType = xdr.INT();
planned = xdr.BOOLEAN();
appFlagDelivery = xdr.BOOLEAN();
rtt = xdr.LONG();
planning _register_time = xdr.LONG();
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userProfileBA = xdr.BYTEARRAY();
userProfile = new UserProfile( userProfileBA);

      thePlanBA = xdr.BYTEARRAY();
      thePlan = new PlanHeader( thePlanBA);

if(PLANNING_PROTOCOL_PRINTOUT)
    System.out.println (" thePlan");

        protocolSize = xdr.SHORT();

if(PLANNING_PROTOCOL_PRINTOUT)
    System.out.println (" protocolSize "+ protocolSize);

while ( protocolSize-- > 0) {
    if(PLANNING_PROTOCOL_PRINTOUT)

System.out.println ( protocolSize);
      String str = xdr .STRING();

            protocolList.addElement( str);

        }

        return xdr;
    }

    public boolean evaluate(Node n) {
       if(PLANNING_PROTOCOL_PRINTOUT)

   System.out.println (" PAIncrementalPlanning.evaluate() on " +
   n.getAddress()+" "+ appFlagDelivery);

 if (! appFlagDelivery) {
   appFlagDelivery = true;
   if(PLANNING_PROTOCOL_PRINTOUT)

System.out.println (" PAIncrementalPlanning.evaluate():
PAIC(not planned yet) is forwarded to"+getDst());

   return n.routeForNode(this, getDst());
       }

       if ( getDst() != n.getAddress() && planned) {

   if(PLANNING_PROTOCOL_PRINTOUT)
       System.out.println ("PAIC is forwarded to "+ getDst());

   return n.routeForNode(this, getDst());
       } else {

   if(PLANNING_PROTOCOL_PRINTOUT)

System.out.println (" PAIncrementalPlanning.evaluate(): PAIC
(destination "+ getDst()+" ) arrived");
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   return n.deliverToApp(this, paPort);
       }
    }

    public PAIncrementalPlanningCapsule( int src,
int dest,
short paPort,
int ufType,
byte[] sid,
UserProfile userProfile,
int appType) {

      this.src = src;
      this.dest = dest;
      setDst( dest);
      this.paPort = paPort;

this.ufType = ufType;
      this.sid = new ByteArray( sid);

this.thePlan = new PlanHeader();
this.userProfile = userProfile;
this.appType = appType;
appFlagDelivery = true;
rtt = (new Date()). getTime();
planning _register_time = 0;

    }
    // Needed for ANTS to create this capsule
    public PAIncrementalPlanningCapsule() {

protocolList = new Vector();
    }
}
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Appendix B

PACentralPlanningCapsule

This ANTS capsule is used by Panda to perform central planning.  It is issued by

the source node, visits the connection nodes collection planning data, and forwarded by

the destination node to the planning site, which is the source node in this case.  This

functionali ty is in the evaluate() method of the capsule class.  The capsule is delivered to

every PANDA node on its way to the destination.  On its way back, it is automatically

forwarded to the source node without visiting any PANDA nodes.

package FMG.Panda.architecture.ants.capsules;

//import java.util.Vector ;
//import java.util.Enumeration ;

import ants.Capsule;
import ants.ByteArray;
import ants.Node;
import ants.Xdr;

import FMG.Panda.architecture.ants.PAAddress;
import FMG.Panda.architecture.ants.capsules.PAAdaptor;
import FMG.Panda.architecture.ants.capsules.PADataCapsule;
import FMG.Panda.architecture.ants.PlanningData;
import FMG.Panda.architecture.ants.UserProfile;

public class PACentralPlanningCapsule extends Capsule
{
    final private static byte[] MID =
    findMID(" FMG.Panda.architecture.ants.capsules.

PACentralPlanningCapsule");
    protected byte[] mid() { return MID; }

    final private static byte[] PID =
    findPID(" FMG.Panda.architecture.ants.capsules.

PACentralPlanningCapsule");
    protected byte[] pid() { return PID; }

    // Since we don't have access to UserFlowType (class) we'll mimic
    // the FlowType identifiers here
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    public static final int UDP_FLOW_TYPE = 0;
    public static final int TCP_FLOW_TYPE = 1;

    public int src;                // ANTS source
    public int dest;               // ANTS destination
    public int plannerAddress;      // ANTS planner address
    public int storedDestAddress;  // stored Source Address
    public short paPort;           // The Panda Application Port
    public boolean planned;        // planned?
    public int way;                // way of PAC(0, 1,or 2)
    public ByteArray sid;          // SessionID (byte[] form)
    public int ufType;             // UserFlow Type ( int form)
    public PlanHeader thePlan;     // The Plan
    public PlanningData planningData; // Planning data
    public UserProfile userProfile;// user profile
    public int appType;            // application type (1,3,or 4)
    public long init_time;          // init time

    private ByteArray thePlanBA;
    private ByteArray planningDataBA;
    private ByteArray userProfileBA;
    public boolean appFlagDelivery;

    public static final boolean PLANNING_PROTOCOL_PRINTOUT = true;

    public int length() {

      int s = super.length();

      s += Xdr.INT;             // src
      s += Xdr.INT;             // dest

s += Xdr.INT;                   // Planner Address
s += Xdr.INT;                   // stored dest Address

      s += Xdr.SHORT;           // paPort
s += Xdr.BYTEARRAY( sid);        // sid
s += Xdr.INT;                    // ufType
s += Xdr.INT;                    // way (0,1, or 2)
s += Xdr.INT;                    // way
s += Xdr.BOOLEAN;                // appFlagDelivery
s += Xdr.LONG;                   // init time

userProfileBA = new ByteArray( userProfile.toBytes());
s += Xdr.BYTEARRAY( userProfileBA); // user profile
thePlanBA = new ByteArray( thePlan.toBytes());
s += Xdr.BYTEARRAY( thePlanBA);
planningDataBA = new ByteArray( planningData.toBytes());
s += Xdr.BYTEARRAY( planningDataBA);

        return s;
    }

    public Xdr encode() {
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      Xdr xdr = super.encode ();

      xdr .PUT( src);
      xdr .PUT( dest);

xdr .PUT( plannerAddress);
xdr .PUT( storedDestAddress);

      xdr .PUT( paPort);
xdr .PUT( sid);
xdr .PUT( ufType);
xdr .PUT( appType);
xdr .PUT(way);
xdr .PUT( appFlagDelivery);
xdr .PUT( init_time);
xdr .PUT( userProfileBA);
xdr .PUT( thePlanBA);
xdr .PUT( planningDataBA);

if(PLANNING_PROTOCOL_PRINTOUT) {
    System.out.println ("XDR encode:");
    System.out.println ( src);
    System.out.println ( dest);
    System.out.println ( paPort);
}

        return xdr;
    }

    public Xdr decode() {
      Xdr xdr = super.decode ();

      src = xdr.INT();
      dest = xdr.INT();

plannerAddress = xdr.INT();
storedDestAddress = xdr.INT();

      paPort = xdr.SHORT();
      sid = xdr.BYTEARRAY();
      ufType = xdr.INT();

appType = xdr.INT();
way = xdr.INT();
appFlagDelivery = xdr.BOOLEAN();
init _time = xdr.LONG();
userProfileBA = xdr.BYTEARRAY();
userProfile = new UserProfile( userProfileBA);

      thePlanBA = xdr.BYTEARRAY();
      thePlan = new PlanHeader( thePlanBA);

planningDataBA = xdr.BYTEARRAY();
planningData = new PlanningData( planningDataBA);

if(PLANNING_PROTOCOL_PRINTOUT) {
    System.out.println ("XDR decode:");
    System.out.println ( src);
    System.out.println ( dest);
    System.out.println ( paPort);
}



210

        return xdr;
    }

    public boolean evaluate(Node n) {
       if(PLANNING_PROTOCOL_PRINTOUT)

   System.out.println (" PACentralPlanning.evaulate() on " +
      n.getAddress()+" "+ appFlagDelivery);

       if (! appFlagDelivery) {
   appFlagDelivery = true;
   if(PLANNING_PROTOCOL_PRINTOUT)

System.out.println (" PACentralPlanning.evaluate(): PAC(not
planned yet) is forwarded to"+getDst());

   return n.routeForNode(this, getDst());
       }

       if ( getDst() != n.getAddress() && way == 1) {
   if(PLANNING_PROTOCOL_PRINTOUT)
       System.out.println ("PAC is forwarded to "+ getDst());
   return n.routeForNode(this, getDst());

       } else {
   if(PLANNING_PROTOCOL_PRINTOUT)

System.out.println (" PACentralPlanning.evaluate(): PAC
(destination "+ getDst()+" ) arrived");

   return n.deliverToApp(this, paPort);
       }
    }

    public void setPlannerAddress( int plannerAddress) {
this.plannerAddress = plannerAddress;

    }

    public PACentralPlanningCapsule( int src,
    int dest,
    short paPort,
    int ufType,
    int appType,
    byte[] sid,
    UserProfile userProfile,
    PlanningData planningData) {

      this.src = src;
      this.dest = dest;
      setDst( dest);
      this.paPort = paPort;

this.ufType = ufType;
this.appType = appType;

      this.sid = new ByteArray( sid);
this.thePlan = new PlanHeader();
this.userProfile = userProfile;

if( planningData == null)
    this.planningData = new PlanningData();
else
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    this.planningData = planningData;
appFlagDelivery = true;
this.way = 0;

    }

    // Needed for ANTS to create this capsule
    public PACentralPlanningCapsule() {
    }
}



212

Appendix C

Adapter Data

This is a simpli fied example of the adapter description that is necessary for

planning.  There must be sufficient support for adapter consistency, plan feasibili ty, etc.

Postconditions of the adapter are stored in a stack of adapter postconditions (SAP) that

characterizes the data stream (described in Chapter 5).

In this implementation, we counted the resources required to run adapters in am

amount equal to the number of adapters that can be run on a node.   That is why CPU is

always equal 1, which basically means "it costs one adapter to run this adapter."  Memory

and hard drive resources are not counted here.  In reali ty, more sophisticated resource

accountabili ty systems are necessary.

#########################################
#Lempel Ziv Compressor
#
name = Compressor
args = 100
problemCode = Throughput
solutionCode = ZEV
binary = true
UNDOname = de_Compressor
UNDOargs = 200
efficiency = 0.5
efficiencyThroughput = 1.0
dataPreservation = 1.0
#
# Required Resource to run the compressor
#
requiredResources: CPU = 1
requiredResources: Memory = 0
requiredResources: HD = 0
#requiredResources: Monetary Cost = 0
#
# Preconditions
#
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preCondition: CompressabilityZEV = 1
#
# Postconditions
#
postCondition: CompressabilityZIV = 0
postCondition: FormatCompressabilityMode = compressedZIV
#
# Resources required to run decompression
#
UNDORequiredResources: CPU = 1
UNDORequiredResources: Memory = 0
UNDORequiredResources: HD = 0
UNDORequiredResources: Monetary Cost = 0
#
# Preconditions to run decompressor
#
UNDOPreCondition: CompressabilityZEV = 0
UNDOPreCOndition: CompressabilityMode = compressedZIV
#
# Postconditions after the decompressor run
#
UNDOPostCondition: CompressabilityZEV = 1
UNDOPostCondition: FormatCompresabilityMode = ""
#
end of adapter
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Appendix D

Example of a Partial Plan

This is the example of the partial plan that is presented on Figure 5.5.  The names

of tags are the methods, which are used by adapters to solve the problems of connections.

The partial plan is used for the ordering of the actual adapters that use the same methods.

The calculation of the partial plan also requires the lists of pre- and post-conditions for

the adapters that would use these methods.

Format_Conversion: 1-10
Distilling: 1-10
Color_Drop: 1-10
Frame_Drop: 1-10
Quality_Drop: 1-10
LZ Compression: 10-30
Encryption: 30-40
Storage: 0-40
Buffering: 0-40
FEC: 50-60
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Appendix E

Example of Planning Data

This is the example of planning data collected by the planner on a connection that

consists of f ive nodes.  Addresses of nodes 1000 to 1004 are internal ANTS node

addresses that are associated with real Internet IP.  Address -1 means that it is a link

between two connection nodes.  In this implementation, the tag "CPU" means the number

of adapters that can be executed on the node.  Links #3 and #4 have security less than 1.0.

If a user application requires complete security equal to 1.0, the planner will use an

encryption adapter.  Link #3 has available bandwidth of 200 Kbps.  If a user application

requires more that 200 Kbps, data compression should be applied to this link.

#
# Planning data for 5 node connection
# Node 1000
Entity: 1000
Resource: CPU = 1
Resource: HD = 100
Resource: Memory = 100
#Resource: Monetary Cost = 100
#
# Link # 1
-1
Reliability = 1
Security = 1.0
Authentication = 1
Throughput = 7000
Buffering = 1
#
# Node 1001
Entity: 1001
Resource: CPU = 1
Resource: HD = 100
Resource: Memory = 100
#Resource: Monetary Cost = 100
#
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# Link # 2
-1
Throughput = 1000
Security = 1.0
Authentication = 1
Reliability = 1
Buffering = 1
#
# Node 1002
Entity: 1002
Resource: CPU = 6
Resource: HD = 100
Resource: Memory = 100
#Resource: Monetary Cost = 100
#
# Link # 3
-1
Throughput = 200
Security = 0.8
Authentication = 1
Reliability = 1
Buffering = 1
# Node 1003
Entity: 1003
Resource: CPU = 10
Resource: HD = 100
Resource: Memory = 100
#Resource: Monetary Cost = 100
#
# Link # 4
-1
Throughput = 10000
Security = 0.5
Authentication = 1
Reliability = 1
Buffering = 1
#
# Node 1004
Entity: 1004
Resource: CPU = 1
Resource: HD = 100
Resource: Memory = 100
#Resource: Monetary Cost = 100
end of data
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Appendix F

Example of User Preferences and Stream Characteristics

This is the example of stream characteristics and user preferences.  In this

example, the data stream requires 2000 Kbps, and if the bandwidth is not suff icient, the

color of the stream can be dropped.   The user application here requires full security, but

the stream should not be encrypted according to one of the postconditions of the user

application.

#
# Stream Resource Requirements / User preferences on the methods of
# adaptations
#
Throughput = 2000/Color_Drop
#
Security = 1/Encryption
#
Reliability = 1/FEC
Buffering = 1
#
#Monetary Cost = 1
# Postconditions of a user application
#
Conditions: CompressabilityZEV = 1
Conditions: CompressabilityColor_Drop = 1
Conditions: Security = 0
# end
end of data
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