Estimating Aggregate Resource Reservation for Dynamic, Scalable, and Fair Distribution of Bandwidth 

Vasil Hnatyshin and Adarshpal S. Sethi

Department of Computer and Information Sciences, 

University of Delaware, Newark, DE 19716

{vasil, sethi}@cis.udel.edu

ABSTRACT

The current best effort approach to Quality of Service in the Internet can no longer satisfy a diverse variety of customer service requirements, and that is why there is a need for alternative strategies. In order to solve this problem a number of service differentiation approaches have been proposed. Unfortunately, these schemes are often inadequate for providing proper service differentiation during periods of congestion. In this paper we introduce a new bandwidth distribution mechanism for supporting per-flow Quality of Service guarantees and for dealing with congestion. The bandwidth distribution scheme dynamically adjusts resource allocations at the network boundaries based on the network feedback. Within the bandwidth distribution framework we introduce a set of techniques for computing per-flow fair share. We evaluate these methods through simulation.

Keywords: Quality of service, bandwidth distribution, network feedback, resource allocation, congestion control

1. Introduction

The current approach to providing QoS in the Internet is no longer adequate because of the increasing emergence of applications with diverse customer service requirements. As people become willing to pay more for services that satisfy their application needs, the one-service-for-all approach of today’s Internet will become obsolete, creating a need for alternative strategies.

In order to solve this problem, a number of service differentiation models have been proposed. The Integrated and Differentiated Service models are among the most prominent approaches to providing Quality of Service in the Internet. The Integrated Services model [2, 3] requires each router in the network to reserve and manage resources for the flows that travel through it. In large networks, millions of flows may simultaneously travel through the same core routers. In such cases, managing resource reservations on a per-flow basis may cause enormous processing and storage overheads in the core routers. As a result, the Integrated Services model is considered to be not scalable to large networks and thus is not widely deployed in the Internet. The Differentiated Services model [1] attempts to solve the scalability problem of the Integrated Services approach by combining flows that have similar quality of service requirements into traffic aggregates or classes. The Differentiated Services core routers process incoming traffic based on the class the packets belong to and thus maintain and manage resource reservations only on a per-class/per-aggregate basis. Although the Differentiated Services approach provides a scalable solution to the QoS problem, it supports only coarse per-aggregate guarantees that in certain cases may not be adequate.

This paper examines an alternative approach, called the Bandwidth Distribution Scheme (BDS). The primary objective of the Bandwidth Distribution Scheme is to combine advantages of the Integrated and Differentiated Services models and to provide support for building scalable per-flow QoS services in computer networks. The Bandwidth Distribution Scheme supports per-flow QoS through bandwidth allocation at the network edges on a per-flow basis. At the same time, the BDS achieves scalability by employing an architectural model in which the complexity of per-flow processing is moved out of the network core into the network edges. In this architecture, only the edge routers maintain per-flow information, while the core routers deal with traffic aggregates only. For this reason, the BDS approach has similar scalability advantages as the Differentiated Services model that uses the same architecture [1]. 

The BDS approach relies on the basic idea of performing per-flow management at the network edges and processing traffic aggregates in the network core. This idea is not new and has been examined before. However, the primary contribution of this work is a novel approach to estimating aggregate flow requirements in the network core and then using the obtained information for dynamic fair pre-flow resource allocation at edge routers. Overall the BDS works as follows. The edge routers adjust the resource allocation of individual flows based on knowledge of flow bandwidth requirements and on feedback from the core routers. Network feedback allows edge routers to estimate the aggregate flow requirements and then compute fair shares of available resources for individual flows. The BDS employs the following two types of network feedback: 1) the edge routers periodically probe the network to update the characteristics of the active paths and 2) the core routers explicitly notify the edge routers about congestion. Overall, the BDS edge routers dynamically adjust bandwidth allocations of the flows in response to network changes such as presence of excess resources or congestion. 

Besides supporting scalable per-flow QoS, the BDS approach attempts to maximize allocated bandwidth by distributing excess available bandwidth to the flows that can use it. If congestion arises, the excess bandwidth allocation is adjusted so that congestion is eliminated. An important goal of the scheme is to ensure that the available bandwidth is allocated fairly to the active flows. One of the major advantages of the BDS approach over the Differentiated Services model is its support for deployment of fine-grained per-flow QoS services similar to those of Integrated Services model. However, the Integrated Services architecture does not scale well to large networks and employs "hard" per-flow resource reservations which could yield network underutilization when the flows fail to consume all of the resources allocated to them. The BDS approach addresses these problems by employing an architectural model that supports scalability and by dynamically adjusting resource allocations of individual flows according to the changes in network conditions. For these reasons, the BDS approach could prove to be preferable over the existing Differentiated and Integrated Services models. 

This paper does not explicitly examine the types of services that can be built using the BDS approach. Instead, it operates under the assumption that with the help of a mechanism for dynamic resource allocation, the network can support efficient deployment of scalable per-flow QoS, where each flow that enters the network is guaranteed to receive the amount of resources (e.g. bandwidth) within its requested bandwidth range. The BDS approach is designed to build services that can support bandwidth guarantees. This paper describes the components of the BDS framework that allocate available resources to individual flows in a scalable and fair manner while maximizing network throughput. Since the BDS approach deals with explicit bandwidth allocation, this paper also examines the problem of congestion control. 

Overall, this paper describes the dynamic resource allocation mechanism used in the BDS model and investigates its feasibility via simulation studies; in particular, we examine the ability of the BDS edge routers to distribute available resources fairly, to keep link utilization high, and to eliminate congestion based on the network feedback. The rest of the paper is organized as follows. Section 2 introduces the framework of the BDS approach and argues its scalability. Section 3 introduces a set of estimation techniques for approximating the aggregate flow requirements required for dynamic resource distribution and examines two approaches to distributing leftover excess bandwidth on a path. Evaluation of the BDS approach and simulation results are presented in Section 4. Section 5 provides discussion and related work overview while Section 6 presents conclusions.

2. The BDS Architecture

2.1. General Idea

The main idea behind the feedback-based BDS is to dynamically adjust the per-flow allocated rates at the network boundaries. In a congestion-free network, the users transmit data at their desired rates. However, during congestion, the boundary nodes limit the amount of traffic admitted into the network. When a link becomes congested, the corresponding core router provides an indication to the boundary nodes to slow down. The BDS uses an explicit message passing mechanism for providing congestion notifications to the network edges. These congestion notification messages contain the identity of the congested interface and its level of congestion. This information enables the boundary nodes to eliminate congestion and to preserve the minimum per-flow guarantees by adjusting allocated rates of the flows.
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Figure 1. Example of BDS approach

Consider the network topology shown in Figure 1, where flows F1, F2 and F4 travel to boundary node B2 causing congestion on link C2-B2. In this case, core router C2 provides feedback to boundary nodes B1 and B4 in the form of congestion notifications. Upon congestion notification arrival, boundary nodes B1 and B4 adjust allocated rates of flows F1 and F2, and F4, respectively. Flow F3 continues transmitting traffic at the same rate since it does not contribute to congestion. After boundary nodes B1 and B4 adjust resource allocation of their flows, congestion at link C2-B2 is eliminated.

The BDS framework consists of three major components that allow the edge nodes to dynamically adjust allocated rates of the flows in response to network changes. These components are: the network architecture, the resource management unit, and the Requested Bandwidth Range (RBR) Distribution and Feedback (RDF) protocol. In subsequent subsections, we specify the architectural model of the BDS framework and describe the components of the scheme.

2.2. BDS Architectural Model

The Internet consists of a large number of routers that are traditionally grouped into independent network domains as shown in Figure 2. A cluster of interconnected routers that are governed by the same administrator is called a network domain. Each network domain contains two types of nodes: the edge or boundary routers and the core routers. Traffic enters a network domain through the edge nodes called ingress routers. It further travels through the core routers to reach the network boundary and exits the domain through the edge nodes called egress routers. 

The core routers are not concerned with per-flow management and perform functions similar to those of the Differentiated Services nodes [1]. In order to support the BDS model, the core routers provide feedback to the boundary nodes about the network conditions. The edge nodes maintain per-flow information and manage activation and termination of the flows. They determine the fair share of each flow based on the provided feedback and then allocate available resources accordingly.

[image: image94.wmf]i


Figure 2. The BDS Architectural Model

It is reasonable to assume that the number of active flows that enter and exit the network domain through a particular edge router is fairly small. Thus, managing per-flow information at the network boundaries will not raise scalability concerns [1]. In addition, this architectural model allows incremental deployment of the Bandwidth Distribution Scheme in the Internet. The BDS does not require being set-up everywhere in the Internet at once. Instead, each network domain can choose to support the Bandwidth Distribution Scheme at its own discretion. If the network decides to support the BDS, then a certain amount of resources should be allocated for the BDS traffic. These resources will be fairly distributed among the BDS flows only, thus isolating the BDS traffic from the rest of the flows traveling through this domain. This paper examines the performance of the Bandwidth Distribution Scheme within a single network domain and assumes that by allocating resources to the BDS traffic we perfectly isolate it from the rest of the non-BDS flows. We plan to address the issue of inter-domain traffic and deployment of the BDS approach in the Internet in future work. 

This paper defines a "flow" to be a sequence of packets that travel from a given source host to a given destination host. We only consider the flows that receive the BDS treatment and which are therefore subject to the BDS resource allocation. Similarly, terms “resources”, “capacity”, “load,” or “bandwidth” mean the resources, bandwidth, etc. explicitly allocated by the network administrator for the BDS traffic. This definition of a flow, while different from the more conventional definition as a sequence of packets between individual source-destination applications (e.g., TCP or UDP streams), was chosen to simplify the presentation of the BDS scheme. Since the BDS processing is done at the IP layer, differentiating among individual TCP and UDP streams would require the edge routers to access the corresponding transport layer headers. The BDS architecture, as presented here, can be easily extended to apply to conventional definition of a flow. Specifically, some of the BDS processing should be added to the transport layer of the source nodes. This addition will not cause any changes to the BDS processing in the network layer. As before, the core routers would provide network feedback and the edge routers would compute the fair shares on a per-source-destination basis and adjust the resource allocation accordingly. However, in addition, the edge routers would forward the computed per-source-destination fair shares to the source nodes that would then distribute these resources among individual flows.

2.3. Resource Management Mechanism and Definitions of Fairness

Resource management is a mechanism for sharing available resources (e.g. bandwidth) among active flows, while definitions of fairness are the rules that determine how the available resources are being distributed. The edge nodes distribute available bandwidth among individual flows based on their resource requirements. Flow resource requirements are defined in the form of a range, called the Requested Bandwidth Range (RBR), which is assumed to be known ahead of time. The RBR of a flow 
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 is limited by the flow’s RBR and lies within this requested range.
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Such resource requirements are applicable for elastic traffic that can tolerate frequent rate change and can utilize excess bandwidth that becomes available due to changes in the network conditions. Overall, the BDS approach is most suitable for long-lived elastic applications that can tolerate and benefit from frequent changes in available resources such as video, large data transfers, and FTP.

Let us denote by 
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 the set of flows that travel through link 
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, which we call the aggregate RBR on the link is defined as follows:
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A link is a bottleneck for a flow if this link limits the allocated rate of that flow. Each edge node computes the fair share 
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as follows:
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Using definition (3) each flow is allocated its minimum requested rate plus a share of the leftover bandwidth proportional to its minimum requested rate. Since flow 
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 cannot transmit data at a rate higher than its maximum requested rate, the allocated rate 
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 is limited by the flow's maximum requested rate 
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Flows that originate from the same ingress node and travel on the common parts of a path might have different bottleneck links in the network. As a result, if flow 
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 but has a bottleneck on link 
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, it may not need to adjust its allocated rate according to link 
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’s information even though its resource requirements are added to the aggregate RBR of link 
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. As a result, link 
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 may become underutilized and flows that have 
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 as their bottleneck can benefit from the available excess bandwidth by increasing their allocated rates. In such cases, the fair share of these flows will include the share of leftover bandwidth.

2.4. The RBR Distribution and Feedback protocol

The third part of the BDS framework is the RBR Distribution and Feedback (RDF) protocol that notifies the edge nodes about the network changes. The feedback provided by the RDF protocol allows the edge nodes to estimate the aggregate RBR on the congested links. The RDF protocol is fairly simple and consists only of two phases: the path probing phase and the notification phase. The path probing phase discovers new paths, alerts the edge nodes about the presence of excess bandwidth on the path, and helps the core nodes to identify and keep track of the edge routers that should be notified during congestion. The notification phase alerts the boundary nodes about congestion in the network.

The Path Probing Phase

The edge routers initiate the path probing phase for a particular path only if a new flow activates and the route characteristics are unknown to the edge router. The edge nodes probe the network only on a per-active-path basis. The path probing phase consists of periodic messages that travel to the egress node of a particular path and back. While traversing the network domain the probe messages collect the IP addresses, the estimated arrival rates, and the capacities of the router interfaces they pass through. The probes terminate at the egress nodes, which are the last routers within the domain on the path to the destination. The egress nodes forward the probes back to the ingress nodes that generated them in messages called probe replies. The first probe message generated on a path serves as the tool for discovery of the route to the destination. The edge nodes store collected information about the probed path in the Path Table. This information is used to update allocated rates of the flows that travel on that path.

The core routers use the path probing phase to identify and keep track of the edge nodes that should be notified during congestion. The edge nodes probe only active paths, e.g. the paths that have flows traveling on them. Thus, the core routers can use the probe message arrival as an indication that a particular edge router is still active and should be notified in the event of congestion. The core routers maintain a soft state for each active edge router. Such soft state contains the identity (e.g. IP address) of the edge router, a countdown timer, and identity of the core router's outgoing interface on which the edge router's traffic departs. The core routers update the soft-state information as follows. 

Upon the probe message arrival, the core router retrieves the identity of the edge node that generated this probe from the source field in the packet’s IP header. If the soft state for this edge router already exists, then the core node resets the corresponding countdown timer. Otherwise, the core router creates a new soft state entry for this edge router. The core router discards the edge node's soft state information whenever the countdown timer expires.

Notification Phase

A core router initiates the congestion notification phase when one of its outgoing interfaces becomes congested. Interface 
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 of a core router is congested if the arrival rate 
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, of the link attached to this interface
. The core router starts the notification phase by retrieving identities of the edge routers that should be notified and generating congestion notification messages to each of them. A congestion notification (CN) message contains the identity of the congested interface, its capacity, and estimated arrival rate on this interface. The edge routers use the congestion notification messages to estimate the aggregate RBR and, based on the results, distribute available resources among the flows. The notification phase terminates after all the edge routers receive their corresponding notification message and adjust resource allocation.

2.5. The BDS Processing at the Edge and Core Routers 

The main responsibilities of the edge nodes in the BDS architecture are maintaining resource requirements of those flows that enter the network through them and keeping track of the active paths that these flows traverse. The edge nodes maintain flow requirements in the SLA Table. To avoid keeping redundant path information, the edge nodes maintain two additional tables. The first table, called the Path Table, keeps the list of active paths and corresponding flows that travel through those paths. Characteristics of individual links are stored in a separate table, called the Links Table. Figure 3 illustrates the data structures maintained in each edge node.

  The BDS processing in the core routers consists of three primary tasks: estimation of the arrival rate on each of the outgoing links, maintaining the list of edge routers to be notified in the event of congestion, and responding to the RDF protocol messages. To approximate the arrival rate on each of its interfaces and to keep the processing in the network core simple, the BDS employs an exponential weighted moving average (EWMA) algorithm [4, 5].
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where the 
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 is the previous estimation of the arrival rate on link 
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 is a constant. The EWMA algorithm was chosen for estimating the arrival rate because of its simplicity and small overhead. In simulations, the time interval 
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 was set to 1 second because with such configuration, the estimation mechanism appeared to provide the most accurate values of the arrival rate. Clearly, the choice of the time interval and the rate estimation mechanism influences the performance of the BDS approach. Although this paper does not address this issue, we hope to examine it further in the future.
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Figure 3. Data structures maintained in the edge nodes

2.6. Scalability of the BDS architecture

The presented BDS approach is scalable because of the network architecture employed by it. In BDS networks, the edge nodes maintain resource requirements on a per-flow basis and network information on a per-path basis. We assume that the number of flows that enter the network domain through a particular edge node is fairly small and does not raise the scalability problem. The Differentiated Services model makes a similar assumption. Furthermore, since the number of active paths originating from a particular edge router is not larger than the number of flows that enter the network at that edge router (e.g. a single flow cannot travel through two different paths simultaneously), the edge nodes can maintain network information on a per-path basis without raising scalability concerns.

The amount of information kept in the core routers is proportional to the number of edge nodes that send traffic through that core router. However, the core routers maintain information only about edge nodes that belong to the same network domain and not the whole Internet and that is why it is reasonable to assume that maintaining per-edge node information in the network core does not cause a scalability problem. Thus, the architectural model of the BDS approach is scalable to large networks.

3. The resource management mechanism

The BDS resource management mechanism leads to a more accurate and fair resource allocation among individual flows as compared to the rate control mechanisms that use TCP’s “additive increase – multiplicative decrease” approach. In the absence of congestion, TCP increments transmission rates of individual flows (congestion window) by one full-sized segment per round-trip time (RTT) (linear increase during congestion avoidance). However, when congestion occurs, TCP cuts the flow transmission rates in half. While this policy has been satisfactory for TCP, it resulted in unfairness under certain conditions [6,13]. The BDS resource management mechanism employs a different approach that considers the bandwidth requirements of individual flows, the aggregated flow requirements, and the amount of excess traffic on congested nodes in the network. Instead of TCP’s gradual increment of flow transmission rates to the optimal values, the BDS “instantaneously” computes transmission rates of the flows while preserving bandwidth requirements, guaranteeing fairness, and eliminating congestion in the network if it arises. 

The BDS resource management mechanism consists of two independent parts: resource allocation during congestion or the rate reduction mechanism, and resource distribution in the presence of excess bandwidth or the rate increase mechanism. This section examines four variations of the rate reduction mechanism and two approaches to rate increase. The mechanisms for rate reduction and rate increase approximate the resource distribution defined in Section 2.3.

3.1. The Rate Reduction Mechanisms

The rate reduction approaches described in this section rely on the congestion notifications to adjust allocated rates of the flows that contribute to congestion. The first approach, called proportional rate reduction or naïve method, assumes that the flows that traverse the overloaded link send traffic above their fair shares and thus should slow down proportionally to their RBR. The remaining three approaches, called simple two-step rate reduction, 2CN two-step rate reduction, and hybrid rate reduction, rely on consecutive congestion notifications to estimate the aggregate RBR on the path and then adjust allocated rates of the flows accordingly. The rate reduction mechanism relies on the congestion notification messages that deliver the identity of the congested interface 
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	Edge Router
	Core Router with congested link k

	Initialization:
NONE

Processing:
  IF (CN arrives) {


  Identify flows that travel via k;


  Adjust flow rates according to (7);

  }


	Initialization:
  Reset timer;
Processing:

  IF ((Rk > Ck ) and  (timer >= inter-CN delay)){


Identify Edge nodes that transmit over k;


Transmit CN to identified Edge nodes;


Reset timer;

  }


Figure 4. Naïve Rate Reduction Method

Naïve Rate Reduction Method

The naïve method, presented in Figure 4, assumes that each flow that contributes to congestion transmits data at a rate higher than its fair share and thus should slow down. The flows decrease their allocated rates by an amount that is proportional to their respective minimum requested rates (MRR) and the total excess traffic arriving on the congested interface. Then, assuming that the allocated rate of the flow is always smaller than its maximum requested rate, 
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The rate reduction method defined by equation (7) is able to eliminate congestion in the network; however, it may fail to distribute available bandwidth fairly among individual flows. The naïve method guarantees fair bandwidth distribution only if the allocated rates of all participating flows are proportional to their corresponding MRRs.
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Simple Two-Step Rate Reduction 

The two-step rate reduction techniques estimate the interface MRR and, based on obtained values, fairly distribute available bandwidth among individual flows. The two-step rate reduction techniques work as follows. Upon the first congestion notification arrival, the edge nodes adjust allocated rate of their flows using proportional rate reduction as defined by equation (7). If congestion is not completely eliminated, then a second congestion notification is received after some time. Based on the arrival rate reported by the second congestion notification, the edge nodes compute the interface MRR and corresponding allocated rates of the flows as follows. The superscripts are used to distinguish between the rate reduction upon the first and second congestion notification arrivals. When the first congestion notification arrives from overloaded link 
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After the first congestion notification, the total rate decrease observed at the congested interface 
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 equals the following value: 
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Upon the second congestion notification arrival, the edge node computes the total rate decrease and the interface MRR, 
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, on congested link 
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 as follows:
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Once the edge router obtains the interface MRR, it computes the fair share of each flow that travels through the congested link. 
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	Edge Router
	Core Router with congested link k

	Initialization:
first_CN =  TRUE;
Processing:
   IF (CN arrives) {

  Identify flows that travel via k;

  IF (first_CN){

    
Adjust flow rates according to (9);

    
first_CN =  FALSE;

  }

  ELSE{


Compute interface MRR according to (12);


Adjust flow rates according to (13);

  }

   }
	Initialization:
  Reset timer;
Processing:

  IF ((Rk > Ck ) AND 

        (timer >= inter-CN delay)){


Identify Edge nodes that transmit over k;


Transmit CN to identified Edge nodes;


Reset timer;

  }


Figure 5. Simple Two-step Rate Reduction Method

The core routers delay generation of the second congestion notification to ensure that the rate estimation mechanism in the network core detects the rate reduction caused by the first congestion notification and converges to an accurate estimation value of the arrival rate on the interface, reported in the second congestion notification. The delay value should be at least the sum of the largest round trip time between the congested interface and the edge routers, and the time required by the core router to obtain an accurate estimation of the arrival rate on the congested interface. The rate reduction method described by equations (9) - (13) is called simple two-step rate reduction and is shown in Figure 5.

2CN two-step rate reduction

If the rate reduction carried out in the first step is sufficient to eliminate the congestion, then the second congestion notification is not generated.  In such cases, simple two-step rate reduction may fail to correctly estimate the interface MRR resulting in an unfair distribution of available bandwidth. A third method called 2CN two-step rate reduction enforces generation of congestion notifications in sets of two, and thus eliminates this potential problem. During congestion, the core routers that implement a 2CN two-step rate reduction always generate two congestion notification messages, even if congestion is eliminated after the first step. This method is described in Figure 6.

Since the two-step rate reduction techniques rely on the approximate value of the arrival rate at the congested interface, the value of the estimated interface MRR could be different from the exact value of the interface MRR (the sum of MRRs of the participating flows). The estimated interface MRR computation is the same at all the ingress nodes and thus each flow is transmitted at a rate proportional to its MRR. However, since the estimated interface MRR is not equal to the exact interface MRR value, the resource distribution mechanism may cause the congested link that initiated the rate reduction process either to become underutilized or to remain overloaded. 

	Edge Router
	Core Router with congested link k

	Initialization:
first_CN =  TRUE;

Processing:
   IF (CN arrives) {

  Identify flows that travel via k;

  IF (first_CN){

    
Adjust flow rates according to (9);

    
first_CN =  FALSE;

  }

  ELSE{


Compute interface MRR according to (12);


Adjust flow rates according to (13);

}

}
	Initialization:
  Reset timer;

  first_CN_gone = FALSE;
Processing:

  IF (((Rk > Ck ) AND  (timer >= inter-CN delay))

       OR
       ((timer >= inter-CN delay) AND  (first_CN_gone)) {

  Identify Edge nodes that transmit over k;

  Transmit CN to identified Edge nodes;

  Reset timer;

  first_CN_gone = NOT (first_CN_gone);

  }




Figure 6. 2CN Two-step Rate Reduction Method

Hybrid two-step rate reduction

To eliminate the above problem, a fourth method called hybrid two-step rate reduction is introduced. For each congestion episode the hybrid two-step rate reduction method counts the number of CN messages arrived at the edge router. Initially when the number of CN messages is less than or equal to two, the flows adjust their allocated rates the same way as in the 2CN two-step rate reduction method. This initial rate reduction ensures that all the ingress nodes compute the same value of the interface MRR, even though this value may be inaccurate. Furthermore, it guarantees that all the flows transmit data at rates proportional to their MRRs, which makes the proportional rate reduction method applicable. Subsequently, if after the first two CN messages congestion remains, then the flows use proportional rate reduction to adjust their allocated rates. Figure 7 illustrates the idea of hybrid rate reduction method.

	Edge Router
	Core Router with congested link k

	Initialization:
  CN_count = 0;

first_CN =  TRUE;

Processing:

 IF (CN arrives) {

    Identify flows that travel via k;

    CN_count = CN_count +1;


  IF (CN_count > 2){


Adjust flow rates according to (7);

 
  }

    ELSE IF (first_CN){

    
Adjust flow rates according to (8);

    
first_CN =  FALSE;     


  }

  
  ELSE {


Compute MRR according to (12);

 
Adjust flow rates according to (13);


  }

  }
	Initialization:
  Reset timer;

  first_CN_gone = FALSE;
Processing:

  IF (((Rk > Ck ) AND  (timer >= inter-CN delay))

       OR
       ((timer >= inter-CN delay) AND  (first_CN_gone)) {

  Identify Edge nodes that transmit over k;

  Transmit CN to identified Edge nodes;

  Reset timer;

  first_CN_gone = NOT (first_CN_gone);

  }




Figure 7. Hybrid Rate Reduction Method
3.2. The Rate Increase Methods

The edge nodes increase allocated rates of the flows when the path probing reports the presence of excess bandwidth on the path. The edge nodes compute the excess bandwidth, 
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 This section describes two approaches for utilizing excess bandwidth. 

Available Bandwidth Rate Increase

In the first method, the edge node increases allocated rates of the flows proportionally to the amount of the excess bandwidth available on the path. This method is called Available Bandwidth (AB) rate increase. Assuming that link 
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 is the link that contains the smallest amount of excess bandwidth, the edge nodes adjust allocated rate of the flow 
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 using AB rate increase as follows: 
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The AB rate increase distributes available bandwidth fairly quickly; however, when multiple flows compete for the same resource and receive results of the path probing at different times, the AB rate increase method may lead to unfair bandwidth distribution. Only the flow that probes the path first is guaranteed its fair share of the excess bandwidth. A flow that probes the path after another flow has already consumed its share of excess bandwidth may not be able to achieve its fair share. The probe reply messages generated after one of the competing flows, say flow F, has already consumed its share of the excess bandwidth, will report back an amount of excess bandwidth smaller than that observed by F. Thus, using the AB rate increase method, the flows that discover and consume excess bandwidth later may unfairly get a smaller share of resources.  

MRR rate increase
To distribute excess resources fairly, each flow should increase its allocated rate proportionally to its MRR, and not to the amount of the excess bandwidth. We propose an alternative method for distribution of excess bandwidth called MRR rate increase. We define the MRR rate increase method as follows.
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Symbol 
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 denotes a constant that determines how swiftly each flow increases its allocated rate. The MRR rate increase method guarantees a proper share of excess bandwidth for each flow, but its performance depends on the value of the constant (. Selecting constant ( to be too small may lead to a slow convergence to the fair rates, while choosing constant ( to be too large may lead to an unfair bandwidth distribution or even to congestion in the network. In general, the value of the constant ( should be inversely proportional to the number of flows competing for the excess bandwidth. However, this information is not available to the flows and may vary in each instance of congestion. We further examine performance of the rate increase methods through simulation.

Gradual Rate Increase Optimization

As it was argued above, the AB rate increase method may occasionally lead to unfair resource distribution, while the MRR rate increase method may not be usable due to difficulty in finding the optimal value of (. To remedy these problems, the edge nodes, instead of distributing all of the excess bandwidth right after the probe message arrival, should gradually increase allocated rates of individual flows throughout the duration of the path probing period. For example, let us assume that an ingress node discovers excess bandwidth on the path and computes the fair share of excess bandwidth for its flows to be 60 Kbps. However, instead of allocating the entire 60 Kbps at once, the ingress node increases allocated rate of its flows multiple times by small amounts. For example, if the probe period is 6 seconds and the ingress node allows the rate increase every 100 ms, then its flows will receive 
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 of excess bandwidth every 100 ms. This optimization is called gradual rate increase.

The gradual rate increase boosts the probability that the probing during the same probe period by different edge nodes will return similar results. When the edge nodes employ gradual rate increase optimization, the core routers observe a smaller arrival rate change over the same period of time as compared to when the edge nodes allocate all excess bandwidth at once. We examine the performance of the AB and MRR rate increase methods with and without gradual rate increase optimization in Section 4.3.
4. Evaluation of the BDS approach 

The performance of the BDS approach was studied using the OPNET Network Simulator [12]. To simplify the notation, a flow that originates from source i is denoted as flow Fi. For example, the flow that originates from Source 1 is denoted as F1 and the flow of Source 2 as F2. Additionally, links Core 2 – Core 5 and Core 5 – Core 3 are denoted as c2-c5 and c5-c3, respectively.


Figure 8. Simulation Topology

4.1. Simulation Set-up

Figure 8 presents the network topology and the flow activation schedule used in our study. There are four heavyweight video flows in the network: F1, F2, F3, and F4 that activate at times 110 seconds, 210 seconds, 160 seconds, and 60 seconds, respectively. All the flows remain active until the end of the simulation, which lasts 250 seconds. Flows F1, F2, F3, and F4 travel to destinations 1, 2, 3, and 4 and have minimum requested rates of 400 Kbps, 200 Kbps, 800 Kbps, and 500 Kbps, respectively. Each flow can transmit at maximum rate of 1400 Kbps and each link in the network is provisioned with 1513 Kbps of bandwidth (e.g. link capacity is 1544 Kbps, 98% of capacity is allocated for the BDS traffic). 

Table 1 shows an optimal resource distribution for the scenario of Figure 8. When flow F4 activates at time 60 seconds, it is the only flow in the network and it transmits data at the maximum rate of 1400 Kbps. At time 110 seconds flow F1 activates and causes congestion on link c5-c3. As a result, flows F1 and F4 adjust their allocated rates to 672 Kbps and 840 Kbps, respectively. At time 160 seconds flow F3 activates and causes congestion on link c2-c5, which becomes a new bottleneck for flow F1. After flows F1 and F3 adjust their allocated rates to 504 Kbps and 1008 Kbps respectively, flow F4 observes excess bandwidth on the link c5-c3 and increases its allocated rate to 1008 Kbps.  Finally, flow F2 activates at time 210 seconds causing congestion on links c2-c5 and c5-c3. At first the flows adjust allocated rates to their fair shares on the corresponding bottleneck links as follows: F1 gets 432 Kbps, F2 is allocated 216 Kbps, F3 acquires 688 Kbps, and F4 obtains 864 Kbps of available bandwidth. However, flow F3 observes that its bottleneck link is underutilized and increases its allocated rate to 864 Kbps. 
Table 1. Optimal Resource Allocation for Example of Figure 4

	Flow

Name
	Flow Allocated rates during the time periods

	
	[60s, 110s]
	[110s, 160s]
	[160s, 210s]
	[210s, 250s]

	F1
	0 Kbps
	672 Kbps
	504 Kbps
	432 Kbps

	F2
	0 Kbps
	0 Kbps
	0 Kbps
	216 Kbps

	F3
	0 Kbps
	0 Kbps
	1008 Kbps
	864 Kbps

	F4
	1400 Kbps
	840 Kbps
	1008 Kbps
	864 Kbps


4.2. Evaluation of Resource Management in the BDS

The simulation scenario of Figure 8 was divided into four time periods based on the flow activation times. To evaluate performance of the BDS resource management mechanism, we examined resource allocation during each of these time periods. Table 1 shows optimal allocated rates of the flows during each time period. An optimal allocated rate of a flow is the amount of bandwidth the flow should receive according to the resource management mechanism defined in Section 2.4. To compare the performance of the proposed rate reduction and rate increase mechanisms, we define a new metric called degree of fairness. The degree of fairness at time 
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The degree of fairness is a statistic that shows how fairly the resources have been distributed at a particular point in time. High degree of fairness values (e.g. 0.95 - 1.0) correspond to a situation where resources are distributed fairly and the allocated rates of the flows converge to corresponding optimal rates. Small degree of fairness values correspond to a situation when resources are not distributed fairly and the allocated rates of the flows diverge from the corresponding optimal rates. To compare the performance of the rate reduction methods directly, the degrees of fairness of all the active flows during a particular time period are averaged. The value thus obtained is called the average degree of fairness.  
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Figure 9. Comparison of the Rate Reduction Methods during [0, 250] time period

4.3. Evaluation of the Resource Management Mechanism

This section examines the performance of the rate reduction and rate increase mechanisms. More specifically, we compared the performance of the individual rate reduction methods, examined the influence of the inter-CN delay on the performance of the best rate reduction method, evaluated and compared the performance of the rate increase methods, and finally examined link utilization in the network. The simulations were configured with the MRR increase method and a probe period (e.g. delay between consecutive periodic probes) of 2 seconds. When using the proportional rate reduction method the inter-CN delay was set to 0.5 seconds, while the other methods were configured with the inter-CN delay of 2.0 seconds. 

Evaluation of the Rate Reduction Methods 

Figure 9 presents a comparison between the average degrees of fairness for each of the rate reduction methods. The “dips” in the degree of fairness curves correspond to the events of flow activation and subsequent initiation of the rate reduction process. Initially, all the rate reduction methods have an average degree of fairness close to 1, because only flow F4 is active in the network and as a result, the edge node Ingress 4 computes the initial allocated rate without the help of the resource management mechanism. 

As Figure 9 shows, the naïve rate reduction method performs on average the worst, because it distributes resources without estimating the aggregate MRR on the congested link. When using the simple two-step rate reduction method, the edge routers may adjust transmission rates so that congestion is eliminated after the first notification and as a result no second congestion notification is generated. Subsequently the edge nodes do not estimate the aggregate MRR on the congested link causing the simple two-step rate reduction method to perform as poorly as the naïve method. This event is illustrated during the time period [160, 210] when the average degree of fairness of the simple two-step rate reduction method is smaller than that of the naïve method.

Both the hybrid and the 2CN rate reduction methods were the best out of the four examined methods. However, the 2CN rate reduction method often requires slightly more time to converge than the other rate reduction methods. This happens because the 2CN rate reduction method goes through multiple rate reductions before it can compute an accurate enough value of the interface MRR. The hybrid method does not suffer from this deficiency because after the initial rate reduction it uses the proportional rate reduction method to adjust allocated rates of the flows. This phenomenon is clearly illustrated during time periods [110, 160] and [210, 250] seconds, where the 2CN method converges to optimal values much slower than the hybrid method. However, after the initial round of reduction, the average degree of fairness of the 2CN method was already above 0.9 even though the method was still converging to optimal values.

Degree of Fairness vs. Inter-CN Delay

Overall, the simulation results showed that the hybrid 2-Step rate reduction method is the most stable and the most reliable of all rate reduction mechanisms. To further study the hybrid rate reduction method the inter-CN delay was varied. Figures 10 and 11 show collected results of this study.
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Figure 10. Degree of fairness vs. inter-CN delay (0.8 – 1.4 seconds)

As Figures 10 and 11 show, when configured with small inter-CN delay (e.g. 1.0 to 1.4 seconds), the hybrid rate reduction method often fails to converge to optimal resource distribution and estimates the interface MRR inaccurately. On the other hand, the hybrid rate reduction method performs much better when configured with larger inter-CN delay (e.g. 1.6 to 2.0 seconds). The inter-CN delay influences the accuracy of the reported arrival rate on a congested interface and thus impacts the accuracy of the estimated interface MRR. 
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Figure 11. Degree of fairness vs. inter-CN delay (1.6 – 2.2 seconds)

Small value of the inter-CN delay causes the core routers to generate the second congestion notification message shortly after the first one. As a result, the results of the first rate reduction may not have propagated into the network core yet and the rate estimation mechanism may not have enough time to converge to the accurate values. This in turn causes the second congestion notification to report inaccurate values of the arrival rate on the congested link, resulting in the edge nodes computing the interface MRR incorrectly. On the other hand, large values of the inter-CN delay may unnecessarily suspend the rate reduction process, degrading the response time of the congestion control. 

The inter-CN delay directly depends on the propagation delay between the edge nodes and a corresponding congested link and on the convergence time of the rate estimation mechanism, which is usually an order of magnitude larger than the propagation delay. Thus, the inter-CN delay should be primarily computed based on the convergence time of the rate estimation mechanism. Overall, collected results suggest that the inter-CN delay should be large enough to allow the core nodes to accurately estimate arrival rate and at the same time it should be small enough so as not to slow down congestion control.

Evaluation of the rate reduction mechanism indicates that the performance of the BDS approach greatly depends on the precision of the rate estimation mechanism. Thus, a more accurate rate estimation mechanism in the network core may allow the boundary nodes to achieve an optimal resource distribution much faster.
Evaluation of the Rate Increase Methods

To evaluate performance of the rate increase mechanism the scenario of Figure 8 was slightly modified. The simulation was executed for 310 seconds instead of 250, and at time 250 seconds flows F1 and F4 were simultaneously terminated. As a result, flows F2 and F3 discover excess bandwidth on the paths to their respective destination and started increasing their allocated rates. 

As expected, simulation results showed that the AB rate increase method distributes available bandwidth fast, but it causes the bandwidth allocation to be unfair. Since the path probing phases are not synchronized among individual edge nodes, they can report the characteristics (e.g. amount of excess bandwidth) of the same route to be different. As a result, the Available Bandwidth rate increase method is unable to distribute excess bandwidth fairly among individual flows because the path probing phase of each edge router reports a different amount of resources available on the path. On the other hand, the MRR rate increase always distributes available bandwidth fairly but it could be hard to deploy because of the difficulty selecting an optimal value of the MRR rate increase constant (. 

Figure 12 compares the average degree of fairness of the MRR and AB rate increase methods with and without the gradual rate increase optimization. The results presented in Figure 12 were collected for the following network configuration:  the MRR rate increase method constant ( is set to 0.08, the edge nodes probe the network every 6 seconds and increase allocated rates of the flows every 100 ms. Since one of the main disadvantages of the MRR increase method is difficulty of finding the value of beta we conducted a set of simulations that compared performance of the MRR rate increase method for different values of beta. Simulation results suggested that the MRR rate increase method performs the best when (  = 0.08.
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Figure 12. Comparison of the rate increase methods

As Figure 12 shows, the AB gradual rate increase method performs better than all the other methods. It stabilizes at time 273 seconds and its average degree of fairness reaches 0.97. Although the average degree of fairness of both MRR rate increase methods also reaches 0.97, their convergence time is much longer. The MRR rate increase methods with and without the optimization complete their excess bandwidth distributions at times 283 and 288 seconds, respectively. Finally, the average degree of fairness of the AB rate increase method reaches only 0.91 which signifies that the AB method may fail to distribute excess bandwidth fairly without the gradual rate increase optimization. Thus, the AB gradual rate increase method combines the advantages of the AB and MRR rate increase methods and is able to fairly distribute excess bandwidth without the need to guess an optimal value for constant (.

Link Utilization

Finally, let us examine performance of the resource management mechanism of the BDS approach in terms of the link utilization. Figure 13 displays utilization of the bottleneck links c2-c5 and c5-c3 for the scenario of Figure 8. As expected, during the time period [60, 110] seconds the bottleneck link c2-c5 is not fully utilized because only flow F4 is active in the network. Since flow F4 transmits at its maximum rate of 1.4 Mbps, which is smaller than the link capacity, link c2-c5 is not completely utilized. However, throughout the rest of the simulation the bottleneck links c2-c5 and c5-c3 are utilized close to 100%. Thus, these simulation results support our belief that the resource management mechanism, which consists of the rate reduction and rate increase mechanisms, tends to maximize throughput in the network.
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Figure 13. Utilization of links C2-C5 and C5-C3

4.4. Evaluation of Congestion Control

To evaluate the BDS congestion control mechanism, we examine the timetable of congestion occurrences using hybrid rate reduction method for the simulation scenario presented in Figure 8 and Table 1. As it was mentioned in Section 4.1, this simulation scenario has four distinct time periods determined by the schedule of flow activations, which are the primary cause of congestion. Figure 14 identifies each congestion occurrence and shows the amount of excess traffic arriving at the congested link.
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Figure 14. Excess traffic during each congestion occurrence

As Figure 14 shows, congestion occurs only around flow activation time. More specifically, flow F1 enters the network at time 110 seconds causing congestion on link c5 – c3. At around time 113 seconds, core router c3 identified congestion and notifies edge routers Ingress 12 and Ingress 4 that it has about 1287 Kbps of excess traffic arriving on link c5 – c3. Similar situation occurs when flow F3 activates at time 160 seconds causing congestion on link c2 – c5. At around time 164 seconds, core router c5 identifies congestion and notifies edge routers Ingress 12 and Ingress 3 that it has about 540 Kbps of excess traffic arriving on link c2 – c5.

When flow F2 activates at time 210 seconds it causes congestion on links c2 – c5 and c5 – c3. However, since flow F2 first travels over link c2 – c5 and only then over link c5 –c3, router c5 estimates a larger amount of excess traffic on link c2 – c5 than router c3 on link c5 – c3. As a result, c5 identifies congestion and notifies corresponding edge routers sooner than router c3.  Subsequent congestion occurrences that happen at times 222 and 230 seconds were the results of estimation errors. In both cases the amount of excess traffic was very small and it did not cause any noticeable performance degradation in the network. 

We further examined the BDS congestion control mechanism by studying the correlations between the amount of excess traffic on the congested link and the time required by the core nodes to identify congestion. We also examined the time needed by the hybrid rate reduction method to respond to congestion. Figure 15 presents the collected results.

Figure 15 (a) shows the time needed by the core routers to identify congestion while Figure 15 (b) shows the time to eliminate the congestion. As Figure 15 (a) shows, the time required by the core routers to identify congestion is inversely proportional to the amount of excess traffic on the congested link. Since congestion is a function of arrival rate, the time needed by the rate estimation mechanism of the core routers to identify congestion is influenced by the amount of excess traffic. Core routers need less time to identify congestion if the amount of excess traffic arriving on the congested link is large. On the other hand if the amount of excess traffic is fairly small, the core router may often require more time to identify congestion due to rate estimation errors. Clearly, the rate estimation mechanism is one of the primary parameters that influences response time of the BDS congestion control. Currently, we are examining alternative methods to estimate the arrival rate faster and more accurately.

As Figure 15 (b) shows, response time of the hybrid rate reduction method remains constant regardless of the severity of congestion. It takes slightly more than 2 seconds for the hybrid method to respond to congestion (e.g. to estimate the aggregate RBR on the congested link and to adjust transmission rates of individual flows accordingly). The two-second delay required to eliminate congestion corresponds to the value of the simulation parameter inter-CN delay that was set to 2 seconds. Thus, based on the results presented in Figure 7, if the core routers set the inter-CN delay to 1.6 seconds then they will still achieve fair resource distribution while eliminating congestion much faster.
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Figure 15. Influence of excess traffic on BDS congestion control

In summary, our simulation results suggest that the BDS is capable of providing satisfactory congestion control. However, it may require a few seconds (dependent on the value of inter-CN delay) to fairly distribute available resources and to eliminate congestion in the network. Overall, the response time of congestion control and the BDS as a whole, directly depends on the effectiveness of the rate estimation mechanism (e.g. how fast the rate estimation mechanism converges) because it determines the value of the inter-CN delay. Thus, a more sophisticated rate estimation mechanism, that swiftly and accurately estimates the arrival rate, may significantly improve the congestion response time of the BDS approach. In addition, other methods that do not rely on the rate estimation algorithm for discovering congestion and can determine that the link became overloaded faster will significantly reduce the time required by the BDS approach to eliminate congestion. 

4.5. Control Load Overhead 

The control load overhead caused by the RDF protocol is the ratio between the amount of control data and the total amount of data generated in the system. The overhead of the Bandwidth Distribution Scheme was computed in terms of the number of packets and the number of bits generated in the system. Figure 16 shows how the overhead varies with the change of the path probing period. 

Overall, for a simple scenario of Figure 8 the RDF protocol performs well and does not incur a noticeable amount of overhead. However, to draw conclusions about the RDF protocol's overhead, a further study of the BDS model under more realistic network conditions is needed. 
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Figure 16. The overhead of the RDF Protocol 

5. Discussion and Related Work Overview

Most of the current architectures that support QoS in the Internet have emerged from various proposals by the Internet Engineering Task Force (IETF). In 1994, the IETF introduced Integrated Services [2] architecture, followed by the Differentiated Services [1] model in 1998. Although both of these approaches address the same problem of supporting quality of service in the Internet, they are different in terms of implementation and provided services. Integrated Services provides end-to-end guarantees on a per-flow basis, while DiffServ attempts to provide end-to-end guarantees based on per-hop assurances for a small set of predefined traffic classes. At the implementation level, Integrated Services requires per-flow management in the network core, while the Differentiated Services model employs a network architecture that pushes per-flow management to the network edges.

The Bandwidth Distribution Scheme (BDS) described in this paper attempts to combine the advantages of the Integrated and Differentiated Services models by providing a framework for scalable support of per-flow bandwidth guarantees. The edge nodes in the BDS network manage per-flow information while the core routers deal only with the traffic aggregates. This paper introduces a novel approach for approximating aggregate flow requirements and then using this information for distributing available bandwidth among individual flows. The BDS employs a combination of periodic probing and explicit network feedback to estimate the aggregate information which is used by the edge nodes for per-flow bandwidth management and congestion control. 

The idea of using explicit network feedback for dynamic rate and congestion control is not new. In particular, the Explicit Congestion Notification (ECN) extension to IP [16] uses binary feedback to notify ECN-capable transports about congestion occurrences. Unlike the ECN extension, the network feedback in the BDS model not only notifies the edge routers about congestion but also carries additional information such as the arrival rate on the congested link. A similar idea is used in ATM networks for Available Bit Rate (ABR) congestion control [10], where the feedback carried by the resource management cells also includes rate information. However, the ABR congestion control relies on per-flow information stored in the network core and tries to achieve utilization goals first and only then seeks fairness. In contrast, the BDS model does not store per-flow information in the network core and relies on arrival rate feedback to estimate fair shares of individual flows. Furthermore, the BDS approach tries to achieve utilization and fairness goals simultaneously: the edge nodes compute the fair shares of individual nodes so as to consume all bandwidth allocated for BDS traffic, and in the presence of excess bandwidth individual flows increase their transmission rates so as to preserve fairness. The Explicit Control Protocol (XCP) [11] generalized the ECN proposal by sending additional information about congestion. XCP also does not require per-flow information in the network core. However, unlike BDS, XCP is not a rate-based but a window-based protocol that separates utility control from the fairness control.

The BDS approach is designed primarily for support of per-flow bandwidth guarantees. A similar feedback-based idea of providing dynamic per-flow bandwidth allocation for elastic traffic sources called simple rate control algorithm was introduced in [9]. A traffic source is called elastic if it does not require a fixed rate and can adjust its transmission rate as needed. Unlike BDS, the boundary nodes in the simple rate control algorithm employ knowledge of the level of network congestion and the user utility functions to determine a fair resource distribution among elastic sources. The end users obtain the level of congestion through the explicit acknowledgements (ACK) that carry the number of congested links on a particular path. 

The Stateless-Core approach [14] provides an interesting solution for supporting per-flow QoS without keeping per-flow information in the network core. The main idea of this scheme relies on the Dynamic Packet State (DPS), where control information is carried in the IP header of the data packets [15]. The routers use the DPS information to provide per-flow guarantees without maintaining per-flow state in the network core. The main difference between the BDS and Stateless-Core models is in the mechanisms used to distribute resources among individual flows. In the Stateless-Core approach, the core routers provide per-flow rate allocation via a FIFO queue with probabilistic drop, where the probability of dropping a packet is a function of the estimated rate carried in the packet’s header and the fair share at that router which is estimated based on measurements of the aggregate traffic [14]. Such approach requires additional processing of each data packet at the core routers and causes wasteful usage of network resources by the packets that travel through the network but are dropped before reaching their destination. On the other hand, the BDS model adjusts transmission rates at the network edges, which avoids these deficiencies. However, adjustment of per-flow rates in the core has an advantage of not being subject to the propagation delay of the notification messages and the delay required to estimate the aggregate requirements as in the BDS model. Another disadvantage of the Stateless-Core model is its inability to distribute excess bandwidth due to use of the upper bound of the aggregate reservation for admission control, which could possibly lead to network underutilization [14].  On the contrary, the BDS approach fairly distributes excess bandwidth and maximizes network throughput. However, current version of the BDS model does not have the admission control which could lead to violation of per-flow guarantees in under-provisioned networks.
Similarly to the simple rate control algorithm [9], the BDS approach can be used to support bandwidth guarantees and is most suitable for elastic sources that can tolerate and benefit from frequent changes of the allocated rates. FTP and video flows are examples of such elastic traffic. The main advantages of the BDS approach are its ability to eliminate congestion while maintaining high link utilization, fairly distributing available resources in the event of congestion, and fair sharing of the leftover excess bandwidth as shown in Section 4.2. Another significant advantage of the BDS approach is its simplicity. The RDF protocol used in the BDS appears not to cause scalability concerns and does not incur significant overhead as shown in Sections 2.6 and 4.2, respectively. 

However, simplicity of the BDS comes at the cost of slow convergence to optimal resource distribution as shown in Section 4.2. In addition, the current version of the BDS architecture does not have admission control and all flows that request to enter the network are admitted. The lack of admission control reduces processing complexity at the edge routers but it may lead to violation of bandwidth guarantees, especially in under-provisioned networks. To implement admission control within the BDS architecture, the edge nodes should possess knowledge of the interface MRR values on the new flow's path. However, this information is not maintained anywhere in the network and can be obtained only during congestion and only if the edge router has traffic traveling on the congested path. Thus, the edge nodes that have no traffic traveling on a particular path may have no information about interface MRR values on that path, which makes addition of admission control mechanism to the BDS approach a difficult problem. We examined a modification of the BDS architecture that allows introduction of admission control in [7, 8]. 

Table 2. Summary of the BDS characteristics

	Advantages
	Disadvantages and Improvements

	Simplicity: relies on simple RDF protocol and simple processing in the network core.
	No admission control: no minimum rate per-flow guarantees in current version.

	Congestion Control: eliminates congestion in the network.
	Inefficient: slowly converges to optimal resource distribution.

	Maximizes throughput: keeps the bottlenecks link in the network completely utilized.
	Rate Estimation: a more sophisticated rate estimation mechanism may improve overall performance.

	Resource management: provides fair resource distribution in the event of congestion.
	Alternative means for congestion detection can reduce the time required to eliminate congestion.

	Low overhead: the path probing phase of the RDF protocol causes a low overhead
	Stability: stability of the BDS approach is being investigated.


Another important issue is the stability of the BDS approach. We consider the BDS network to be stable if it can return to its steady state (e.g. all flows in the network are allocated their fair shares of bandwidth) after such network events as congestion or presence of excess bandwidth. Currently we are investigating the problem of stability of the BDS approach. Table 2 provides a summary of the BDS characteristics.
In this paper we made a number of assumptions about the BDS network environment. In particular, we assumed that the RDF protocol is reliable and that the control packets cannot be lost. However, we are planning to examine this issue (e.g. how the control packet loss influences the BDS performance) in future work. In addition, we assumed that the underlying routing protocol takes care of all the routing issues, does not cause routing loops, and that the routes in the network remain static. Currently, we are studying the BDS performance in the network where these assumptions are eliminated. 

6. Conclusions and Future work

In this paper we presented a novel approach for estimation of the aggregate resource requirements that enables support of scalable, per-flow, dynamic resource distribution. The Bandwidth Distribution Scheme is capable of eliminating congestion while maximizing network throughput. In this paper, we presented and evaluated four techniques for fair distribution of available resources among individual flows during congestion. Furthermore, we examined two mechanisms that allow competing flows to fairly share leftover excess bandwidth. However, we also discovered that in the absence of congestion, the BDS is unable to fairly distribute resources among individual flows. In addition, the lack of admission control makes it difficult to extend the BDS approach to support absolute bandwidth guarantees. 

However, despite these deficiencies, our study of the BDS approach provided a valuable insight into the problem of dynamic per-flow resource distribution. Furthermore, based on this study we believe that the BDS architecture with addition of a mechanism that delivers the aggregate RBR under all network conditions can provide support for scalable per-flow QoS through fair, dynamic resource distribution implemented at the network boundaries. Currently, we are investigating a modification of the presented BDS model, where the aggregate resource requirements are explicitly maintained in the network core. Such a modification allows the edge routers to implement admission control and to distribute available resources under all network conditions [7, 8]. In addition we are examining the problem of BDS deployment into the Internet, and in particular, the issue of dealing with traffic that travels through multiple network domains. We are also examining the issue of the BDS influence on TCP traffic and planning to extend the BDS framework to a mobile environment. 
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� We use the term capacity � EMBED Equation.3  ��� to denote the total bandwidth on link � EMBED Equation.3  ��� that can be allocated to active flows. It is often the case that a link cannot be operated at full capacity because traffic variability can cause excessive delays. In such a situation, � EMBED Equation.3  ��� reflects the fraction of the actual capacity that may be allocated to the flows.
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		150		0.965896

		155		0.964557

		160		0.965672

		165		0.860609

		170		0.883644

		175		0.885002

		180		0.884579

		185		0.883819

		190		0.883893

		195		0.884604

		200		0.884877

		205		0.883942

		210		0.884555

		215		0.768218

		220		0.836939

		225		0.836275

		230		0.848688

		235		0.861432

		240		0.879354

		245		0.895566

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.733369

		125		0.954546

		130		0.965583

		135		0.964454

		140		0.965896

		145		0.964557

		150		0.965896

		155		0.964557

		160		0.965672

		165		0.868414

		170		0.900632

		175		0.900732

		180		0.901144

		185		0.900732

		190		0.900732

		195		0.900732

		200		0.900732

		205		0.900988

		210		0.901244

		215		0.707715

		220		0.856701

		225		0.85779

		230		0.867284

		235		0.884402

		240		0.88399

		245		0.884619

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.789406

		125		0.987126

		130		0.988961

		135		0.988162

		140		0.988271

		145		0.988328

		150		0.988105

		155		0.987139

		160		0.989294

		165		0.863676

		170		0.957698

		175		0.990544

		180		0.990115

		185		0.990726

		190		0.991172

		195		0.990115

		200		0.990404

		205		0.991172

		210		0.990115

		215		0.910479

		220		0.97052

		225		0.957709

		230		0.947791

		235		0.947148

		240		0.946865

		245		0.947509

				FINAL		RESULTS:

		0		0.883783

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.754216

		125		0.966987

		130		0.974436

		135		0.973377

		140		0.974088

		145		0.973631

		150		0.973992

		155		0.973456

		160		0.974334

		165		0.867057

		170		0.916592

		175		0.928423

		180		0.928606

		185		0.928485

		190		0.92856

		195		0.928722

		200		0.928586

		205		0.928453

		210		0.928652

		215		0.804968

		220		0.891252

		225		0.887732

		230		0.881316

		235		0.884258

		240		0.893736

		245		0.898808

		----------------------

				2CN		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.991144

		125		0.990976

		130		0.991309

		135		0.989657

		140		0.991699

		145		0.990586

		150		0.989786

		155		0.991699

		160		0.990457

		165		0.881388

		170		0.986142

		175		0.985804

		180		0.985449

		185		0.985721

		190		0.985804

		195		0.985647

		200		0.985597

		205		0.985721

		210		0.985804

		215		0.83294

		220		0.929189

		225		0.891066

		230		0.9896

		235		0.988427

		240		0.989086

		245		0.988427

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.8698

		170		0.975201

		175		0.997919

		180		0.997572

		185		0.99859

		190		0.997919

		195		0.99859

		200		0.997919

		205		0.998235

		210		0.998448

		215		0.899939

		220		0.815209

		225		0.853074

		230		0.852524

		235		0.885261

		240		0.923275

		245		0.937449

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.867273

		170		0.959403

		175		0.9756

		180		0.975096

		185		0.975196

		190		0.97517

		195		0.975873

		200		0.97517

		205		0.975096

		210		0.9756

		215		0.769165

		220		0.969352

		225		0.966771

		230		0.978384

		235		0.981486

		240		0.982036

		245		0.981832

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.862777

		170		0.979573

		175		0.996785

		180		0.996409

		185		0.996719

		190		0.998453

		195		0.998317

		200		0.998453

		205		0.997165

		210		0.996153

		215		0.904473

		220		0.961318

		225		0.949591

		230		0.940335

		235		0.939537

		240		0.939928

		245		0.939125

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.991521

		125		0.990993

		130		0.991326

		135		0.990219

		140		0.99155

		145		0.990769

		150		0.990626

		155		0.99077

		160		0.99155

		165		0.864395

		170		0.980152

		175		0.997784

		180		0.997636

		185		0.997292

		190		0.997636

		195		0.997784

		200		0.997918

		205		0.998131

		210		0.997073

		215		0.90698

		220		0.844486

		225		0.825825

		230		0.966949

		235		0.89664

		240		0.939078

		245		0.973199

				FINAL		RESULTS:

		0		0.968637

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.968992

		130		0.973667

		135		0.941791

		140		0.958688

		145		0.982009

		150		0.982231

		155		0.982232

		160		0.98214

		165		0.869126

		170		0.976094

		175		0.990778

		180		0.990432

		185		0.990704

		190		0.990996

		195		0.991242

		200		0.991011

		205		0.99087

		210		0.990615

		215		0.8627

		220		0.903911

		225		0.897265

		230		0.945558

		235		0.93827

		240		0.954681

		245		0.964006

		----------------------

				HYBRID		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.991144

		125		0.990976

		130		0.991309

		135		0.989657

		140		0.991699

		145		0.990586

		150		0.989786

		155		0.991699

		160		0.990457

		165		0.881388

		170		0.986142

		175		0.985804

		180		0.985449

		185		0.985721

		190		0.985804

		195		0.985647

		200		0.985597

		205		0.985721

		210		0.985804

		215		0.83294

		220		0.929189

		225		0.891066

		230		0.9896

		235		0.988427

		240		0.989086

		245		0.988427

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.87797

		170		0.957208

		175		0.984265

		180		0.998362

		185		0.999055

		190		0.997282

		195		0.997293

		200		0.996571

		205		0.996437

		210		0.997279

		215		0.908151

		220		0.860007

		225		0.858418

		230		0.977611

		235		0.983891

		240		0.985892

		245		0.990109

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.875337

		170		0.956023

		175		0.982896

		180		0.999633

		185		0.999633

		190		0.998789

		195		0.998923

		200		0.998923

		205		0.998789

		210		0.999323

		215		0.906034

		220		0.973281

		225		0.972082

		230		0.991788

		235		0.991738

		240		0.991297

		245		0.991875

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.871116

		170		0.98427

		175		0.997726

		180		0.998156

		185		0.997149

		190		0.998008

		195		0.998008

		200		0.997149

		205		0.998156

		210		0.997726

		215		0.902972

		220		0.914014

		225		0.925268

		230		0.968172

		235		0.946345

		240		0.954815

		245		0.947263

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.991521

		125		0.990993

		130		0.991326

		135		0.990219

		140		0.99155

		145		0.990769

		150		0.990626

		155		0.99077

		160		0.99155

		165		0.864395

		170		0.980152

		175		0.997784

		180		0.997636

		185		0.997292

		190		0.997636

		195		0.997784

		200		0.997918

		205		0.998131

		210		0.997073

		215		0.90698

		220		0.844486

		225		0.825825

		230		0.966949

		235		0.956986

		240		0.954887

		245		0.955104

				FINAL		RESULTS:

		0		0.975097

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.976734

		130		0.993267

		135		0.991938

		140		0.993574

		145		0.992902

		150		0.992331

		155		0.992665

		160		0.99267

		165		0.874041

		170		0.972759

		175		0.989695

		180		0.995847

		185		0.99577

		190		0.995504

		195		0.995531

		200		0.995232

		205		0.995447

		210		0.995441

		215		0.891416

		220		0.904195

		225		0.894532

		230		0.978824

		235		0.973477

		240		0.975195

		245		0.974556

		----------------------

				FAIRNESS		vs.		Inter-CN		delay:

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.445755

		120		0.434977

		125		0.434192

		130		0.435277

		135		0.435265

		140		0.434671

		145		0.435668

		150		0.435586

		155		0.433705

		160		0.435623

		165		0.634621

		170		0.620613

		175		0.620481

		180		0.620894

		185		0.620175

		190		0.620399

		195		0.620729

		200		0.619936

		205		0.620456

		210		0.619845

		215		0.47025

		220		0.468114

		225		0.467106

		230		0.467876

		235		0.468296

		240		0.468788

		245		0.467746

		----------------------

				1		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.45633

		120		0.766993

		125		0.966074

		130		0.965583

		135		0.965807

		140		0.965583

		145		0.965955

		150		0.965271

		155		0.965807

		160		0.965583

		165		0.887666

		170		0.988822

		175		0.988574

		180		0.988822

		185		0.988674

		190		0.988674

		195		0.988822

		200		0.988674

		205		0.988822

		210		0.988401

		215		0.87475

		220		0.865818

		225		0.91633

		230		0.900265

		235		0.897839

		240		0.898368

		245		0.901338

		----------------------

				1.2		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597
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		235		0.811801

		240		0.882021

		245		0.484641

		----------------------

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.54054

		120		0.955611

		125		0.995824

		130		0.993021

		135		0.993382
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		170		0.982668

		175		0.983486

		180		0.983759

		185		0.983304

		190		0.983338

		195		0.983759

		200		0.983659

		205		0.983585

		210		0.983304

		215		0.847456

		220		0.961038

		225		0.969189

		230		0.969177

		235		0.977822
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		170		0.951778
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		205		0.993525

		210		0.995132

		215		0.903692
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		225		0.815009

		230		0.991836

		235		0.990722

		240		0.991706
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		95		0.998542
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		110		0.998597
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		120		0.908779

		125		0.992756

		130		0.992015

		135		0.992483

		140		0.993068

		145		0.992483

		150		0.992636

		155		0.993283

		160		0.993068
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		170		0.960992

		175		0.99129

		180		0.991364

		185		0.992678

		190		0.991464

		195		0.991373

		200		0.991438

		205		0.992274

		210		0.99162

		215		0.900002
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		225		0.954008

		230		0.942212

		235		0.952141

		240		0.966366

		245		0.981241

		----------------------
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link_util

		start		date:		unspecified

		start		time:		unspecified

		zone_count		=		1

		trace_count		=		2

		horizontal:		time		(sec)

		vertical:

		report:		none

		object:		CR2		->		CR5

		statistic:		Utilization

		vector		type		=		standard

		threshold		=		none

		time		units		=		seconds

		length		=		351

		number		of		values		=		351

				0		->		0

				1		->		0

				2		->		0

				3		->		0

				4		->		0

				5		->		0.0476683938

				6		->		0

				7		->		0.1202072539

				8		->		0

				9		->		0

				10		->		0

				11		->		0

				12		->		0

				13		->		0

				14		->		0.0476683938

				15		->		0

				16		->		0

				17		->		0

				18		->		0

				19		->		0

				20		->		0

				21		->		0

				22		->		0

				23		->		0

				24		->		0

				25		->		0

				26		->		0

				27		->		0

				28		->		0

				29		->		0

				30		->		0

				31		->		0

				32		->		0

				33		->		0

				34		->		0

				35		->		0.1823834197

				36		->		0

				37		->		0

				38		->		0

				39		->		0

				40		->		0

				41		->		0

				42		->		0

				43		->		0

				44		->		0

				45		->		0

				46		->		0

				47		->		0

				48		->		0

				49		->		0

				50		->		0

				51		->		0

				52		->		0

				53		->		0

				54		->		0

				55		->		0

				56		->		0

				57		->		0

				58		->		0

				59		->		0

				60		->		0

				61		->		0

				62		->		0

				63		->		0

				64		->		0

				65		->		0.1823834197

				66		->		0

				67		->		0

				68		->		0

				69		->		0

				70		->		0

				71		->		0

				72		->		0

				73		->		0

				74		->		0

				75		->		0

				76		->		0

				77		->		0

				78		->		0

				79		->		0

				80		->		0

				81		->		0

				82		->		0

				83		->		0

				84		->		0

				85		->		0

				86		->		0

				87		->		0

				88		->		0

				89		->		0

				90		->		0

				91		->		0

				92		->		0

				93		->		0

				94		->		0

				95		->		0.1823834197

				96		->		0

				97		->		0

				98		->		0

				99		->		0

				100		->		0

				101		->		0

				102		->		0

				103		->		0

				104		->		0

				105		->		0

				106		->		0

				107		->		0

				108		->		0

				109		->		0

				110		->		21.0531623148

				111		->		25.9834196891

				112		->		25.9336787565

				113		->		20.801759965

				114		->		21.2207253886

				115		->		46.0935768226

				116		->		47.2991692914

				117		->		47.154404145

				118		->		47.1046632124

				119		->		47.2518134715

				120		->		46.9826959936

				121		->		45.0255941618

				122		->		45.0238341969

				123		->		43.1961674962

				124		->		43.4051813471

				125		->		43.4027962343

				126		->		43.3972037656

				127		->		43.2287029701

				128		->		43.3723332993

				129		->		43.3989637306

				130		->		43.2515008975

				131		->		43.3495353719

				132		->		43.421761658

				133		->		43.2041450777

				134		->		43.3968911917

				135		->		43.3989637306

				136		->		43.0732625555

				137		->		43.5277737139

				138		->		43.421761658

				139		->		43.2204128146

				140		->		43.3806234548

				141		->		43.2452832809

				142		->		43.3723332994

				143		->		43.3823834197

				144		->		43.2435233161

				145		->		43.2204128145

				146		->		43.5588617968

				147		->		43.3906735751

				148		->		43.243210742

				149		->		43.3661156829

				150		->		43.2597910529

				151		->		43.349535372

				152		->		43.4134715026

				153		->		43.2124352332

				154		->		43.243210742

				155		->		43.7267374446

				156		->		43.2352331606

				157		->		43.2204128145

				158		->		43.5671519524

				159		->		43.3823834197

				160		->		89.2367177339

				161		->		100

				162		->		100

				163		->		100

				164		->		100

				165		->		100

				166		->		100

				167		->		100

				168		->		100

				169		->		100

				170		->		100

				171		->		100

				172		->		100

				173		->		100

				174		->		100

				175		->		100

				176		->		100

				177		->		100

				178		->		100

				179		->		100

				180		->		100

				181		->		100

				182		->		100

				183		->		100

				184		->		100

				185		->		100

				186		->		100

				187		->		100

				188		->		100

				189		->		100

				190		->		100

				191		->		100

				192		->		100

				193		->		100

				194		->		100

				195		->		100

				196		->		100

				197		->		100

				198		->		100

				199		->		100

				200		->		100

				201		->		100

				202		->		100

				203		->		100

				204		->		100

				205		->		100

				206		->		100

				207		->		100

				208		->		100

				209		->		100

				210		->		100

				211		->		100

				212		->		100

				213		->		100

				214		->		100

				215		->		100

				216		->		100

				217		->		100

				218		->		100

				219		->		100

				220		->		100

				221		->		100

				222		->		100

				223		->		100

				224		->		100

				225		->		100

				226		->		100

				227		->		100

				228		->		100

				229		->		100

				230		->		100

				231		->		100

				232		->		100

				233		->		100

				234		->		100

				235		->		100

				236		->		100

				237		->		100

				238		->		99.1606217597

				239		->		97.0093264249

				240		->		97.2897071365

				241		->		96.7745415681

				242		->		97.021761658

				243		->		96.9450777202

				244		->		97.1917098445

				245		->		97.2337485873

				246		->		96.9154742106

				247		->		96.9948186528

				248		->		97.1757174992

				249		->		96.8470804282

				250		->		97.0632124352

				251		->		97.1964428878

				252		->		96.7703964904

				253		->		97.1067357513

				254		->		96.9160621762

				255		->		97.0507772021

				256		->		97.3056994817

				257		->		96.7751295335

				258		->		97.077720207

				259		->		97.221313354

				260		->		70.7605519306

				261		->		69.2041450776

				262		->		71.419689119

				263		->		71.8922279791

				264		->		75.0300518133

				265		->		75.5751295335

				266		->		78.7046632123

				267		->		78.8538860102

				268		->		81.8134715024

				269		->		82.3274611397

				270		->		85.1896373055

				271		->		85.4922279791

				272		->		87.9917098444

				273		->		88.6818652848

				274		->		91.2207253884

				275		->		92.0932642486

				276		->		94.6134715024

				277		->		95.0860103625

				278		->		98.0393782382

				279		->		98.3730569947

				280		->		98.6445595853

				281		->		98.3730569947

				282		->		98.516062176

				283		->		98.5699481864

				284		->		98.0849740931

				285		->		98.4704663211

				286		->		98.4911917097

				287		->		98.4704663211

				288		->		98.516062176

				289		->		98.5284974092

				290		->		98.530569948

				291		->		98.3730569947

				292		->		98.1678756475

				293		->		98.4455958548

				294		->		98.516062176

				295		->		98.5430051812

				296		->		98.4746113988

				297		->		98.4704663211

				298		->		98.5181347149

				299		->		98.1367875646

				300		->		98.516062176

				301		->		98.3730569947

				302		->		98.5886010361

				303		->		98.3730569947

				304		->		98.6445595853

				305		->		98.5968911916

				306		->		98.516062176

				307		->		98.1222797926

				308		->		98.4911917097

				309		->		98.4704663211

				310		->		98.4186528496

				311		->		98.5989637304

				312		->		98.516062176

				313		->		98.47253886

				314		->		98.1823834195

				315		->		98.3730569947

				316		->		98.516062176

				317		->		98.4455958548

				318		->		98.516062176

				319		->		98.4704663211

				320		->		98.5886010361

				321		->		98.4704663211

				322		->		98.4186528496

				323		->		98.1948186527

				324		->		98.516062176

				325		->		98.3730569947

				326		->		98.6445595853

				327		->		98.3730569947

				328		->		98.516062176

				329		->		98.1388601035

				330		->		98.516062176

				331		->		98.4704663211

				332		->		98.4911917097

				333		->		98.4704663211

				334		->		98.4186528496

				335		->		98.8227979273

				336		->		98.516062176

				337		->		98.3730569947

				338		->		98.2404145076

				339		->		98.3730569947

				340		->		98.516062176

				341		->		98.501554404

				342		->		98.516062176

				343		->		98.4704663211

				344		->		98.1844559584

				345		->		98.4704663211

				346		->		98.4186528496

				347		->		98.5430051812

				348		->		98.516062176

				349		->		98.3730569947

				350		->		end

		horizontal:		time		(sec)

		vertical:

		report:		none

		object:		CR5		->		CR3

		statistic:		Utilization

		vector		type		=		standard

		threshold		=		none

		time		units		=		seconds

		length		=		351

		number		of		values		=		351

				0		->		0

				1		->		0

				2		->		0

				3		->		0

				4		->		0

				5		->		0.0580310881

				6		->		0

				7		->		0.0787564767

				8		->		0

				9		->		0.0787564767

				10		->		0

				11		->		0

				12		->		0

				13		->		0

				14		->		0

				15		->		0

				16		->		0

				17		->		0

				18		->		0

				19		->		0

				20		->		0

				21		->		0

				22		->		0

				23		->		0

				24		->		0

				25		->		0

				26		->		0

				27		->		0

				28		->		0

				29		->		0

				30		->		0

				31		->		0

				32		->		0

				33		->		0

				34		->		0

				35		->		0.1823834197

				36		->		0

				37		->		0

				38		->		0

				39		->		0

				40		->		0

				41		->		0

				42		->		0

				43		->		0

				44		->		0

				45		->		0

				46		->		0

				47		->		0

				48		->		0

				49		->		0

				50		->		0

				51		->		0

				52		->		0

				53		->		0

				54		->		0

				55		->		0

				56		->		0

				57		->		0

				58		->		0

				59		->		0

				60		->		73.4724346154

				61		->		90.6943005181

				62		->		90.7170984455

				63		->		90.5968911916

				64		->		91.065284974

				65		->		90.8766839378

				66		->		90.5222797927

				67		->		90.5243523316

				68		->		90.6196891191

				69		->		90.6943005181

				70		->		91.065284974

				71		->		90.4994818652

				72		->		90.7170984455

				73		->		90.5243523316

				74		->		90.6196891191

				75		->		91.0424870466

				76		->		90.7170984455

				77		->		90.4994818652

				78		->		90.547150259

				79		->		90.5968911917

				80		->		90.7170984455

				81		->		91.0424870466

				82		->		90.5222797927

				83		->		90.6943005181

				84		->		90.547150259

				85		->		90.5968911917

				86		->		91.065284974

				87		->		90.6943005181

				88		->		90.5222797927

				89		->		90.5243523316

				90		->		90.6196891191

				91		->		90.6943005181

				92		->		91.065284974

				93		->		90.4994818652

				94		->		90.7170984455

				95		->		90.7067357512

				96		->		90.6196891191

				97		->		91.0424870466

				98		->		90.7170984455

				99		->		90.4994818652

				100		->		90.547150259

				101		->		90.5968911917

				102		->		90.7170984455

				103		->		91.0424870466

				104		->		90.5222797927

				105		->		90.6943005181

				106		->		90.547150259

				107		->		90.5968911917

				108		->		91.065284974

				109		->		90.6943005181

				110		->		98.221761658

				111		->		100

				112		->		100

				113		->		100

				114		->		100

				115		->		100

				116		->		100

				117		->		100

				118		->		100

				119		->		100

				120		->		100

				121		->		100

				122		->		100

				123		->		100

				124		->		100

				125		->		100

				126		->		100

				127		->		100

				128		->		100

				129		->		100

				130		->		100

				131		->		100

				132		->		100

				133		->		100

				134		->		100

				135		->		100

				136		->		100

				137		->		100

				138		->		100

				139		->		100

				140		->		100

				141		->		100

				142		->		100

				143		->		100

				144		->		100

				145		->		100

				146		->		100

				147		->		100

				148		->		100

				149		->		100

				150		->		100

				151		->		100

				152		->		100

				153		->		100

				154		->		100

				155		->		100

				156		->		100

				157		->		100

				158		->		100

				159		->		100

				160		->		95.1730569929

				161		->		92.4779841216

				162		->		93.7160621762

				163		->		93.7313423032

				164		->		95.3215074377

				165		->		96.0670935985

				166		->		93.7202072539

				167		->		90.9658031088

				168		->		91.9979274611

				169		->		92.4538860103

				170		->		93.6082901554

				171		->		93.8238341969

				172		->		95.0893830857

				173		->		95.9137257226

				174		->		96.4746113989

				175		->		97.7823834197

				176		->		97.0735751295

				177		->		97.0893830858

				178		->		97.4183889349

				179		->		96.8406784226

				180		->		97.667093598

				181		->		97.3049271274

				182		->		97.1303060332

				183		->		97.1917098445

				184		->		96.725388601

				185		->		97.8922279793

				186		->		96.8158079565

				187		->		97.5316062176

				188		->		97.3313423025

				189		->		96.7494867131

				190		->		97.6103626943

				191		->		96.8214977428

				192		->		97.4541499256

				193		->		97.4018086236

				194		->		96.9546680603

				195		->		97.5531039603

				196		->		96.725388601

				197		->		97.8106266096

				198		->		97.142741266

				199		->		96.7461139896

				200		->		97.6572587341

				201		->		96.7779744265

				202		->		97.4002639155

				203		->		97.2049174316

				204		->		97.1461139896

				205		->		97.6095903404

				206		->		96.8981816803

				207		->		97.5453416358

				208		->		96.8898915248

				209		->		97.2642487046

				210		->		98.9277250556

				211		->		100

				212		->		100

				213		->		100

				214		->		100

				215		->		100

				216		->		100

				217		->		100

				218		->		100

				219		->		100

				220		->		100

				221		->		100

				222		->		100

				223		->		100

				224		->		100

				225		->		100

				226		->		100

				227		->		100

				228		->		100

				229		->		100

				230		->		100

				231		->		100

				232		->		100

				233		->		100

				234		->		100

				235		->		100

				236		->		100

				237		->		100

				238		->		100

				239		->		100

				240		->		100

				241		->		100

				242		->		100

				243		->		100

				244		->		100

				245		->		100

				246		->		100

				247		->		100

				248		->		100

				249		->		100

				250		->		100

				251		->		100

				252		->		100

				253		->		100

				254		->		100

				255		->		100

				256		->		100

				257		->		100

				258		->		100

				259		->		100

				260		->		100

				261		->		100

				262		->		100

				263		->		100

				264		->		34.102430999

				265		->		14.932642487

				266		->		15.9730569948

				267		->		15.6207253886

				268		->		16.2404145077

				269		->		16.503626943

				270		->		17.2766839378

				271		->		16.7442011212

				272		->		17.8216019876

				273		->		17.7740932642

				274		->		18.1264248704

				275		->		18.6673575129

				276		->		18.7585492228

				277		->		18.9968911917

				278		->		19.4715025906

				279		->		19.6932642487

				280		->		19.8820249551

				281		->		19.6932642486

				282		->		19.7222797927

				283		->		19.7760061329

				284		->		19.3740932642

				285		->		19.6932642487

				286		->		19.7948186528

				287		->		19.6932642487

				288		->		19.7222797927

				289		->		19.8632124352

				290		->		19.7222797927

				291		->		19.6932642487

				292		->		19.2766839378

				293		->		19.8632124352

				294		->		19.7222797927

				295		->		19.7658031088

				296		->		19.8094860947

				297		->		19.6932642486

				298		->		19.8050216773

				299		->		19.3450777202

				300		->		19.7222797927

				301		->		19.6932642487

				302		->		19.7948186528

				303		->		19.6932642487

				304		->		19.8675171826

				305		->		19.900358465

				306		->		19.7222797927

				307		->		19.2476683937

				308		->		19.8922279792

				309		->		19.6932642487

				310		->		19.7222797927

				311		->		19.8530094104

				312		->		19.7222797927

				313		->		19.7760061336

				314		->		19.3740932642

				315		->		19.6932642487

				316		->		19.7222797927

				317		->		19.7658031088

				318		->		19.7222797927

				319		->		19.6932642487

				320		->		19.8922279792

				321		->		19.6932642487

				322		->		19.7222797927

				323		->		19.4176165803

				324		->		19.7222797927

				325		->		19.6932642487

				326		->		19.8820249541

				327		->		19.6932642486

				328		->		19.7222797927

				329		->		19.4278196054

				330		->		19.7222797927

				331		->		19.6932642487

				332		->		19.7948186528

				333		->		19.6932642487

				334		->		19.7222797927

				335		->		20.0455958549

				336		->		19.7222797927

				337		->		19.6932642487

				338		->		19.4466321243

				339		->		19.6932642487

				340		->		19.7222797927

				341		->		19.8530094097

				342		->		19.7222797927

				343		->		19.6932642486

				344		->		19.4568351498

				345		->		19.6932642487

				346		->		19.7222797927

				347		->		19.7658031088

				348		->		19.7222797927

				349		->		19.6932642487

				350		->		end
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traffic_overhead

		Probe		Data_Bits		Data_Pkts		Ctrl_Bits		Ctrl_Pkts		Bits_Overhead		Pkt_overhead

		1.6		661011232		92954		340992		600		0.0516%		0.6413%

		1.8		660646464		92903		302528		536		0.0458%		0.5736%

		2		660961728		92947		272064		486		0.0411%		0.5202%

		2.2		661011232		92954		248768		446		0.0376%		0.4775%

		2.4		661003232		92953		231808		412		0.0351%		0.4413%

		2.6		660961728		92947		211968		378		0.0321%		0.4050%
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		1.8		660646464		92903		302528		536		0.0458%		0.5736%

		2		660961728		92947		272064		486		0.0411%		0.5202%

		2.2		661011232		92954		248768		446		0.0376%		0.4775%
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Chart2

		250		0.6988468855		0.7144576584		0.7053677488

		251		0.7047907276		0.7160571296		0.6999394388

		252		0.7025699741		0.7166784118		0.7042838096

		253		0.7031912564		0.7150789406		0.701023378

		254		0.7047907276		0.7171410688		0.7042838096

		255		0.7114706364		0.7138363761		0.6999394388

		256		0.6899462232		0.7171410688		0.7053677488

		257		0.7047907276		0.7144576584		0.6999394388

		258		0.7025699741		0.7160571296		0.7042838096

		259		0.7031912564		0.7155415975		0.701023378

		260		0.7047907276		0.7303861019		0.7042838096

		261		0.6982256033		0.7171410688		0.6999394388

		262		0.7096948915		0.736612318		0.7322679471

		263		0.7327306041		0.7419791389		0.7339116794

		264		0.7688654355		0.7527688247		0.7630264157

		265		0.7916445464		0.7771967627		0.768080083

		266		0.8199540407		0.7608403812		0.7772008597

		267		0.8505421009		0.7745133523		0.7599150672

		268		0.8830298123		0.7872820194		0.7970027532

		269		0.8957859259		0.7916847104		0.8080708736

		270		0.9193489537		0.8199707611		0.8291326298

		271		0.925626294		0.8251921755		0.8334770007

		272		0.9417245681		0.825302863		0.8345609398

		273		0.95814503		0.8178471437		0.8359670669

		274		0.964730394		0.8438835172		0.8608398559

		275		0.9654719057		0.8529829688		0.8669865843

		276		0.9688513063		0.8693339053		0.9003643829

		277		0.9682300241		0.879473035		0.9014095061

		278		0.9682300241		0.8654133755		0.9003255669

		279		0.9661678959		0.8829453872		0.9007882239

		280		0.9682300241		0.8896301633		0.9290896119

		281		0.9633258602		0.907624832		0.9368358115

		282		0.9660092706		0.92104873		0.9548865243

		283		0.9649253315		0.9235188718		0.9657960195

		284		0.9666305529		0.9293136307		0.9691007122

		285		0.9660092706		0.9328433751		0.9660653322

		286		0.9655466137		0.9472730026		0.969629463

		287		0.9660092706		0.9526926986		0.9674615846

		288		0.9666305529		0.975358128		0.9688148365

		289		0.9660092706		0.9803382605		0.9674615846

		290		0.9639471424		0.9797169782		0.9721195292

		291		0.9660092706		0.9803382605		0.9641568919

		292		0.9655466137		0.9797169782		0.9669460525

		293		0.9660092706		0.9819377317		0.970572933

		294		0.9666305529		0.9762058101		0.968704149

		295		0.9660092706		0.9637699584		0.9652408311

		296		0.9655466137		0.9801263399		0.97103559

		297		0.9660092706		0.9737157439		0.9652408311

		298		0.9633258602		0.9753296945		0.969166806

		299		0.9660092706		0.9668813068		0.9678895226

		300				0.9776362737		0.9680828668
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		250		0.6988468855		0.7053677488		0.7144576584

		251		0.7047907276		0.6999394388		0.7160571296

		252		0.7025699741		0.7042838096		0.7166784118

		253		0.7031912564		0.701023378		0.7150789406

		254		0.7047907276		0.7042838096		0.7171410688

		255		0.7114706364		0.6999394388		0.7138363761

		256		0.6899462232		0.7053677488		0.7171410688

		257		0.7047907276		0.6999394388		0.7144576584

		258		0.7025699741		0.7042838096		0.7160571296

		259		0.7031912564		0.701023378		0.7155415975

		260		0.7047907276		0.7042838096		0.7303861019

		261		0.6982256033		0.6999394388		0.7171410688

		262		0.7096948915		0.7322679471		0.736612318

		263		0.7327306041		0.7339116794		0.7419791389

		264		0.7688654355		0.7630264157		0.7527688247

		265		0.7916445464		0.768080083		0.7771967627

		266		0.8199540407		0.7772008597		0.7608403812

		267		0.8505421009		0.7599150672		0.7745133523

		268		0.8830298123		0.7970027532		0.7872820194

		269		0.8957859259		0.8080708736		0.7916847104

		270		0.9193489537		0.8291326298		0.8199707611

		271		0.925626294		0.8334770007		0.8251921755

		272		0.9417245681		0.8345609398		0.825302863

		273		0.95814503		0.8359670669		0.8178471437

		274		0.964730394		0.8608398559		0.8438835172

		275		0.9654719057		0.8669865843		0.8529829688

		276		0.9688513063		0.9003643829		0.8693339053

		277		0.9682300241		0.9014095061		0.879473035

		278		0.9682300241		0.9003255669		0.8654133755

		279		0.9661678959		0.9007882239		0.8829453872

		280		0.9682300241		0.9290896119		0.8896301633

		281		0.9633258602		0.9368358115		0.907624832

		282		0.9660092706		0.9548865243		0.92104873

		283		0.9649253315		0.9657960195		0.9235188718

		284		0.9666305529		0.9691007122		0.9293136307

		285		0.9660092706		0.9660653322		0.9328433751

		286		0.9655466137		0.969629463		0.9472730026

		287		0.9660092706		0.9674615846		0.9526926986

		288		0.9666305529		0.9688148365		0.975358128

		289		0.9660092706		0.9674615846		0.9803382605

		290		0.9639471424		0.9721195292		0.9797169782

		291		0.9660092706		0.9641568919		0.9803382605

		292		0.9655466137		0.9669460525		0.9797169782

		293		0.9660092706		0.970572933		0.9819377317

		294		0.9666305529		0.968704149		0.9762058101

		295		0.9660092706		0.9652408311		0.9637699584

		296		0.9655466137		0.97103559		0.9801263399

		297		0.9660092706		0.9652408311		0.9737157439

		298		0.9633258602		0.969166806		0.9753296945

		299		0.9660092706		0.9678895226		0.9668813068

		300				0.9680828668		0.9776362737
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		72		72		72		72

		73		73		73		73

		74		74		74		74

		75		75		75		75

		76		76		76		76

		77		77		77		77

		78		78		78		78

		79		79		79		79
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		120		120		120		120

		121		121		121		121

		122		122		122		122

		123		123		123		123

		124		124		124		124

		125		125		125		125

		126		126		126		126

		127		127		127		127

		128		128		128		128

		129		129		129		129

		130		130		130		130

		131		131		131		131

		132		132		132		132

		133		133		133		133

		134		134		134		134

		135		135		135		135

		136		136		136		136

		137		137		137		137

		138		138		138		138

		139		139		139		139

		140		140		140		140

		141		141		141		141

		142		142		142		142

		143		143		143		143

		144		144		144		144

		145		145		145		145

		146		146		146		146

		147		147		147		147

		148		148		148		148

		149		149		149		149

		150		150		150		150

		151		151		151		151

		152		152		152		152

		153		153		153		153

		154		154		154		154

		155		155		155		155

		156		156		156		156

		157		157		157		157

		158		158		158		158

		159		159		159		159

		160		160		160		160

		161		161		161		161

		162		162		162		162

		163		163		163		163

		164		164		164		164

		165		165		165		165

		166		166		166		166

		167		167		167		167

		168		168		168		168

		169		169		169		169

		170		170		170		170

		171		171		171		171

		172		172		172		172

		173		173		173		173

		174		174		174		174

		175		175		175		175

		176		176		176		176

		177		177		177		177

		178		178		178		178

		179		179		179		179

		180		180		180		180

		181		181		181		181

		182		182		182		182

		183		183		183		183

		184		184		184		184

		185		185		185		185

		186		186		186		186

		187		187		187		187

		188		188		188		188

		189		189		189		189

		190		190		190		190

		191		191		191		191

		192		192		192		192

		193		193		193		193

		194		194		194		194

		195		195		195		195

		196		196		196		196

		197		197		197		197

		198		198		198		198

		199		199		199		199

		200		200		200		200

		201		201		201		201

		202		202		202		202

		203		203		203		203

		204		204		204		204

		205		205		205		205

		206		206		206		206

		207		207		207		207

		208		208		208		208

		209		209		209		209

		210		210		210		210

		211		211		211		211

		212		212		212		212

		213		213		213		213

		214		214		214		214

		215		215		215		215

		216		216		216		216

		217		217		217		217

		218		218		218		218

		219		219		219		219

		220		220		220		220

		221		221		221		221

		222		222		222		222

		223		223		223		223

		224		224		224		224

		225		225		225		225

		226		226		226		226

		227		227		227		227

		228		228		228		228

		229		229		229		229

		230		230		230		230

		231		231		231		231

		232		232		232		232

		233		233		233		233

		234		234		234		234

		235		235		235		235

		236		236		236		236

		237		237		237		237

		238		238		238		238

		239		239		239		239

		240		240		240		240

		241		241		241		241

		242		242		242		242

		243		243		243		243

		244		244		244		244

		245		245		245		245

		246		246		246		246

		247		247		247		247

		248		248		248		248

		249		249		249		249



Flow 1: MRR = 400 Kbps

Flow 2: MRR = 200 Kbps

Flow 3: MRR = 800 Kbps

Flow 4: MRR = 500 Kbps
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		CN Arrival/ Departure Time Table

		Ingress 12		Ingress 3		Ingress 4		Core 2		Core 3

		113.0244				113.0081				112.991432938

		115.0244				115.0081				114.991432938

		121.0244				121.0081				120.991432938

		123.0244				123.0081				122.991432938

		164.0019		164.0003				163.9854

		166.0019		166.0003				165.9854

		212.7065		212.7050				212.6901

		213.5399		214.7050				214.6901

		214.7065				213.5236				213.506920683

		215.5399				215.5236				215.506920683

		221.5429				221.5266				221.509897415

		223.5429				223.5266				223.509897415

		229.5429				229.5266				229.509897415

		231.5429				231.5266				231.509897415

		Time		400		200		800		500

		59		0		0		0		0

		60		0		0		0		1173344

		61		0		0		0		1400320

		62		0		0		0		1400320

		63		0		0		0		1398816

		64		0		0		0		1405696

		65		0		0		0		1400320

		66		0		0		0		1397312

		67		0		0		0		1397696

		68		0		0		0		1398816

		69		0		0		0		1400320

		70		0		0		0		1405696

		71		0		0		0		1397312

		72		0		0		0		1400320

		73		0		0		0		1397696

		74		0		0		0		1398816

		75		0		0		0		1405696

		76		0		0		0		1400320

		77		0		0		0		1397312

		78		0		0		0		1397696

		79		0		0		0		1398816

		80		0		0		0		1400320

		81		0		0		0		1405696

		82		0		0		0		1397312

		83		0		0		0		1400320

		84		0		0		0		1397696

		85		0		0		0		1398816

		86		0		0		0		1405696

		87		0		0		0		1400320

		88		0		0		0		1397312

		89		0		0		0		1397696

		90		0		0		0		1398816

		91		0		0		0		1400320

		92		0		0		0		1405696

		93		0		0		0		1397312

		94		0		0		0		1400320

		95		0		0		0		1397696

		96		0		0		0		1398816

		97		0		0		0		1405696

		98		0		0		0		1400320

		99		0		0		0		1397312

		100		0		0		0		1397696

		101		0		0		0		1398816

		102		0		0		0		1400320

		103		0		0		0		1405696

		104		0		0		0		1397312

		105		0		0		0		1400320

		106		0		0		0		1397696

		107		0		0		0		1398816

		108		0		0		0		1405696

		109		0		0		0		1400320

		110		335712		0		0		1397312

		111		401184		0		0		1397696

		112		400064		0		0		1398816

		113		318176		0		0		1304320

		114		327296		0		0		1301440

		115		722688		0		0		907328

		116		726944		0		0		910080

		117		728064		0		0		910080

		118		726944		0		0		910080

		119		729568		0		0		909952

		120		728064		0		0		909952

		121		692192		0		0		864064

		122		694816		0		0		872064

		123		661952		0		0		838816

		124		669824		0		0		829696

		125		672320		0		0		840064

		126		664704		0		0		836192

		127		672448		0		0		834688

		128		664320		0		0		836192

		129		670080		0		0		833568

		130		672448		0		0		842688

		131		664320		0		0		833568

		132		670080		0		0		834688

		133		675072		0		0		836192

		134		661696		0		0		833568

		135		670080		0		0		842688

		136		669696		0		0		833568

		137		667072		0		0		834688

		138		670080		0		0		836192

		139		672320		0		0		833568

		140		664448		0		0		836192

		141		672704		0		0		840064

		142		672320		0		0		836192

		143		661824		0		0		834688

		144		675328		0		0		836192

		145		664320		0		0		833568

		146		667200		0		0		840064

		147		669952		0		0		836192

		148		672320		0		0		834688

		149		664576		0		0		836192

		150		672576		0		0		833568

		151		672320		0		0		842688

		152		661952		0		0		833568

		153		675200		0		0		834688

		154		664320		0		0		836192

		155		667328		0		0		833568

		156		675200		0		0		836192

		157		664320		0		0		840064

		158		667328		0		0		834688

		159		669824		0		0		836192

		160		672320		0		931840		833568

		161		664704		0		1093312		836192

		162		672448		0		1093312		846944

		163		664320		0		1093312		858688

		164		603552		0		952320		877440

		165		602048		0		957696		889568

		166		465568		0		938688		896320

		167		471680		0		945568		896320

		168		472064		0		945568		912576

		169		481696		0		956192		930304

		170		489184		0		988192		944064

		171		500192		0		989824		964192

		172		501824		0		1008064		970688

		173		501824		0		1005696		970688

		174		501824		0		997696		972192

		175		501824		0		1011072		970688

		176		501824		0		997696		972192

		177		499200		0		1005696		971072

		178		501824		0		1003072		979072

		179		507200		0		1005696		965696

		180		501824		0		1005696		972192

		181		501824		0		1003072		974816

		182		501824		0		1005696		976320

		183		501824		0		1005696		981696

		184		499200		0		1003072		984448

		185		501824		0		1005696		984448

		186		507200		0		1005696		981312

		187		501824		0		1003072		988192

		188		501824		0		1005696		978688

		189		501824		0		1003072		986688

		190		501824		0		1005696		989312

		191		499200		0		1005696		980192

		192		501824		0		1003072		986688

		193		507200		0		1005696		989440

		194		501824		0		1005696		981440

		195		501824		0		1003072		987936

		196		501824		0		1005696		989440

		197		501824		0		1003072		986816

		198		499200		0		1005696		986816

		199		501824		0		1003072		986816

		200		507200		0		1005696		988448

		201		501824		0		1003072		982944

		202		501824		0		1005696		992192

		203		501824		0		1003072		988448

		204		501824		0		1005696		983072

		205		499200		0		997696		992192

		206		501824		0		1011072		988448

		207		507200		0		997696		984192

		208		501824		0		1005696		990944

		209		501824		0		1003072		988448

		210		501824		211584		1005696		983072

		211		501824		258304		1005696		992192

		212		474816		227808		961568		988448

		213		437920		224320		877696		960064

		214		437920		212192		865568		944064

		215		441280		220192		884320		945568

		216		441664		228192		882816		945568

		217		441664		220192		886560		944064

		218		442048		220192		888448		945568

		219		441664		216064		877312		945568

		220		442048		220192		883808		945568

		221		430176		211072		883808		928064

		222		413696		208448		886816		912448

		223		419808		213696		881696		963072

		224		444288		220192		882688		1022560

		225		443168		228192		886816		1022560

		226		440544		220192		885312		1019552

		227		441664		220192		883808		1022560

		228		442048		218688		880064		1022560

		229		414176		204320		885824		998560

		230		402304		200192		878560		966560

		231		370688		188544		888064		936064

		232		359424		178400		880320		911072

		233		357920		179520		885056		911072

		234		356800		178400		893696		911072

		235		357920		178400		912576		911072

		236		357920		179520		921568		911072

		237		359424		180288		938688		918944

		238		369184		184064		945568		924192

		239		373696		186944		952064		938688

		240		373312		192192		952064		957440

		241		376320		183072		945568		949696

		242		373696		188448		956192		953568

		243		376320		188448		949696		955680

		244		376320		188448		952064		959680

		245		373696		188448		945568		955680

		246		376320		186944		956192		950560

		247		376320		188448		945568		960928

		248		376320		188576		953568		954432

		249		374816		187424		948192		954432

		250		end		end		end		end





		Probe Period 6 sec, MRR increase

		Time		MRR = 200		DF		MRR = 800		DF				Avg. DF.

		249		205696		0.6811		853312		0.7050				0.6930480297

		250		213696		0.7076		853312		0.7050				0.7062930628

		251		213696		0.7076		853312		0.7050				0.7062930628

		252		213696		0.7076		853312		0.7050				0.7062930628

		253		213696		0.7076		853312		0.7050				0.7062930628

		254		219072		0.7254		853312		0.7050				0.715193725

		255		205696		0.6811		853312		0.7050				0.6930480297

		256		213696		0.7076		851808		0.7037				0.7056717806

		257		213696		0.7076		853312		0.7050				0.7062930628

		258		213696		0.7076		853312		0.7050				0.7062930628

		259		213696		0.7076		853312		0.7050				0.7062930628

		260		213696		0.7076		853312		0.7050				0.7062930628

		261		219072		0.7254		853312		0.7050				0.715193725

		262		205696		0.6811		1059808		0.8756				0.7783487567

		263		213696		0.7076		1086944		0.8980				0.8028033073

		264		235808		0.7808		1088064		0.8989				0.8398752358

		265		242688		0.8036		1089568		0.9002				0.8518872465

		266		240064		0.7949		1088064		0.8989				0.8469215934

		267		241184		0.7986		1085440		0.8968				0.8476919589

		268		233184		0.7721		1168320		0.9652				0.8686835418

		269		242688		0.8036		1168320		0.9652				0.8844186411

		270		249184		0.8251		1181696		0.9763				0.9006990541

		271		250304		0.8288		1168320		0.9652				0.8970279126

		272		248800		0.8238		1173696		0.9697				0.8967585999

		273		250304		0.8288		1181696		0.9763				0.9025533587

		274		248800		0.8238		1197696		0.9895				0.9066726779

		275		250304		0.8288		1210688		0.9998				0.9142916271

		276		251808		0.8338		1204192		0.9949				0.9143362207

		277		253312		0.8388		1212192		0.9985				0.9186504773

		278		251808		0.8338		1204192		0.9949				0.9143362207

		279		253312		0.8388		1210688		0.9998				0.9192717595

		280		253312		0.8388		1216320		0.9951				0.9169452559

		281		253312		0.8388		1214816		0.9964				0.9175665381

		282		253312		0.8388		1219808		0.9922				0.9155044099

		283		256320		0.8487		1213312		0.9976				0.9231679528

		284		254816		0.8438		1221312		0.9910				0.9173731939

		285		254816		0.8438		1213312		0.9976				0.9206778866

		286		254816		0.8438		1228192		0.9853				0.9145311582

		287		254816		0.8438		1218688		0.9932				0.9184571331

		288		256320		0.8487		1228192		0.9853				0.9170212244

		289		254816		0.8438		1226688		0.9865				0.9151524404

		290		254816		0.8438		1219808		0.9922				0.9179944761

		291		254816		0.8438		1228192		0.9853				0.9145311582

		292		256320		0.8487		1230816		0.9831				0.9159372852

		293		254816		0.8438		1224320		0.9885				0.9161306295

		294		250688		0.8301		1232320		0.9819				0.9059914997

		295		256320		0.8487		1232320		0.9819				0.915316003

		296		254816		0.8438		1224320		0.9885				0.9161306295

		297		254816		0.8438		1232320		0.9819				0.9128259368

		298		256320		0.8487		1230816		0.9831				0.9159372852

		299		254816		0.8438		1233696		0.9808				0.9122575297

		300		254816		0.8438		1232064		0.9821				0.912931687

		301		254816		0.8438		1233696		0.9808				0.9122575297

		Probe Period  6 sec, MRR increase with 100 msec adjustement

		Time		MRR = 200		DF		MRR = 800		DF				Avg. DF

		250		211072		0.6989		854816		0.7062				0.7025699741

		251		208448		0.6902		856320		0.7075				0.6988468855

		252		211072		0.6989		860192		0.7107				0.7047907276

		253		211072		0.6989		854816		0.7062				0.7025699741

		254		211072		0.6989		856320		0.7075				0.7031912564

		255		211072		0.6989		860192		0.7107				0.7047907276

		256		216448		0.7167		854816		0.7062				0.7114706364

		257		203072		0.6724		856320		0.7075				0.6899462232

		258		211072		0.6989		860192		0.7107				0.7047907276

		259		211072		0.6989		854816		0.7062				0.7025699741

		260		211072		0.6989		856320		0.7075				0.7031912564

		261		211072		0.6989		860192		0.7107				0.7047907276

		262		208448		0.6902		854816		0.7062				0.6982256033

		263		211072		0.6989		872064		0.7205				0.7096948915

		264		213696		0.7076		917312		0.7579				0.7327306041

		265		228192		0.7556		946688		0.7821				0.7688654355

		266		233184		0.7721		981824		0.8112				0.7916445464

		267		239680		0.7936		1024320		0.8463				0.8199540407

		268		247680		0.8201		1066304		0.8810				0.8505421009

		269		262560		0.8694		1085312		0.8967				0.8830298123

		270		262560		0.8694		1116192		0.9222				0.8957859259

		271		272800		0.9033		1132192		0.9354				0.9193489537

		272		272320		0.9017		1149312		0.9495				0.925626294

		273		275680		0.9128		1174816		0.9706				0.9417245681

		274		280544		0.9290		1195072		0.9873				0.95814503

		275		281280		0.9314		1208064		0.9981				0.964730394

		276		281664		0.9327		1208320		0.9983				0.9654719057

		277		284288		0.9414		1214816		0.9964				0.9688513063

		278		284288		0.9414		1216320		0.9951				0.9682300241

		279		284288		0.9414		1216320		0.9951				0.9682300241

		280		284288		0.9414		1221312		0.9910				0.9661678959

		281		284288		0.9414		1216320		0.9951				0.9682300241

		282		284288		0.9414		1228192		0.9853				0.9633258602

		283		284288		0.9414		1221696		0.9907				0.9660092706

		284		284288		0.9414		1224320		0.9885				0.9649253315

		285		284288		0.9414		1220192		0.9919				0.9666305529

		286		284288		0.9414		1221696		0.9907				0.9660092706

		287		284288		0.9414		1222816		0.9897				0.9655466137

		288		284288		0.9414		1221696		0.9907				0.9660092706

		289		284288		0.9414		1220192		0.9919				0.9666305529

		290		284288		0.9414		1221696		0.9907				0.9660092706

		291		284288		0.9414		1226688		0.9865				0.9639471424

		292		284288		0.9414		1221696		0.9907				0.9660092706

		293		284288		0.9414		1222816		0.9897				0.9655466137

		294		284288		0.9414		1221696		0.9907				0.9660092706

		295		284288		0.9414		1220192		0.9919				0.9666305529

		296		284288		0.9414		1221696		0.9907				0.9660092706

		297		284288		0.9414		1222816		0.9897				0.9655466137

		298		284288		0.9414		1221696		0.9907				0.9660092706

		299		284288		0.9414		1228192		0.9853				0.9633258602

		300		284288		0.9414		1221696		0.9907				0.9660092706

		301		284288		0.9414		1224320		0.9885				0.9649253315

		Probe Period  6sec, 100 ms adjustement AB rate increase, increase constant = 0.08

		Time		MRR = 200		DF		MRR = 800		DF				Avg. DF

		249		211072		0.6989		848448		0.7010				0.6999394388

		250		213696		0.7076		851072		0.7031				0.7053677488

		251		211072		0.6989		848448		0.7010				0.6999394388

		252		213696		0.7076		848448		0.7010				0.7042838096

		253		211072		0.6989		851072		0.7031				0.701023378

		254		213696		0.7076		848448		0.7010				0.7042838096

		255		211072		0.6989		848448		0.7010				0.6999394388

		256		213696		0.7076		851072		0.7031				0.7053677488

		257		211072		0.6989		848448		0.7010				0.6999394388

		258		213696		0.7076		848448		0.7010				0.7042838096

		259		211072		0.6989		851072		0.7031				0.701023378

		260		213696		0.7076		848448		0.7010				0.7042838096

		261		211072		0.6989		848448		0.7010				0.6999394388

		262		213696		0.7076		916192		0.7569				0.7322679471

		263		211072		0.6989		930688		0.7689				0.7339116794

		264		229312		0.7593		928064		0.7667				0.7630264157

		265		230560		0.7634		935296		0.7727				0.768080083

		266		238560		0.7899		925312		0.7645				0.7772008597

		267		227808		0.7543		926560		0.7655				0.7599150672

		268		230560		0.7634		1005312		0.8306				0.7970027532

		269		235808		0.7808		1011072		0.8353				0.8080708736

		270		249184		0.8251		1008448		0.8332				0.8291326298

		271		251808		0.8338		1008448		0.8332				0.8334770007

		272		251808		0.8338		1011072		0.8353				0.8345609398

		273		253312		0.8388		1008448		0.8332				0.8359670669

		274		251808		0.8338		1074688		0.8879				0.8608398559

		275		251808		0.8338		1089568		0.9002				0.8669865843

		276		272064		0.9009		1089184		0.8999				0.9003643829

		277		272320		0.9017		1090688		0.9011				0.9014095061

		278		272320		0.9017		1088064		0.8989				0.9003255669

		279		272320		0.9017		1089184		0.8999				0.9007882239

		280		272320		0.9017		1157696		0.9565				0.9290896119

		281		272320		0.9017		1176448		0.9719				0.9368358115

		282		286560		0.9489		1163072		0.9609				0.9548865243

		283		291808		0.9663		1168448		0.9653				0.9657960195

		284		291808		0.9663		1176448		0.9719				0.9691007122

		285		293312		0.9712		1163072		0.9609				0.9660653322

		286		291808		0.9663		1243072		0.9730				0.969629463

		287		291808		0.9663		1248320		0.9687				0.9674615846

		288		293312		0.9712		1251072		0.9664				0.9688148365

		289		291808		0.9663		1248320		0.9687				0.9674615846

		290		293312		0.9712		1243072		0.9730				0.9721195292

		291		291808		0.9663		1256320		0.9621				0.9641568919

		292		291808		0.9663		1249568		0.9676				0.9669460525

		293		293312		0.9712		1246816		0.9699				0.970572933

		294		291808		0.9663		1245312		0.9712				0.968704149

		295		291808		0.9663		1253696		0.9642				0.9652408311

		296		293312		0.9712		1245696		0.9708				0.97103559

		297		291808		0.9663		1253696		0.9642				0.9652408311

		298		291808		0.9663		1244192		0.9721				0.969166806

		299		293312		0.9712		1253312		0.9645				0.9678895226

		300		291808		0.9663		1246816		0.9699				0.9680828668

		301		291808		0.9663		1253696		0.9642				0.9652408311

		Probe Period  6sec, AB rate increase, increase constant = 0.08

		Time		MRR = 200		DF		MRR = 800		DF				Avg. DF

		249		216320		0.7163		867936		0.7171				0.7166784118

		250		216320		0.7163		862560		0.7126				0.7144576584

		251		216320		0.7163		866432		0.7158				0.7160571296

		252		216320		0.7163		867936		0.7171				0.7166784118

		253		216320		0.7163		864064		0.7139				0.7150789406

		254		216320		0.7163		869056		0.7180				0.7171410688

		255		216320		0.7163		861056		0.7114				0.7138363761

		256		216320		0.7163		869056		0.7180				0.7171410688

		257		216320		0.7163		862560		0.7126				0.7144576584

		258		216320		0.7163		866432		0.7158				0.7160571296

		259		216320		0.7163		865184		0.7148				0.7155415975

		260		224320		0.7428		869056		0.7180				0.7303861019

		261		216320		0.7163		869056		0.7180				0.7171410688

		262		216320		0.7163		916192		0.7569				0.736612318

		263		216320		0.7163		929184		0.7677				0.7419791389

		264		221312		0.7328		935296		0.7727				0.7527688247

		265		237312		0.7858		930304		0.7686				0.7771967627

		266		227808		0.7543		928800		0.7673				0.7608403812

		267		237312		0.7858		923808		0.7632				0.7745133523

		268		229056		0.7585		987808		0.8161				0.7872820194

		269		229312		0.7593		997440		0.8241				0.7916847104

		270		248800		0.8238		987808		0.8161				0.8199707611

		271		248800		0.8238		1000448		0.8265				0.8251921755

		272		250304		0.8288		994688		0.8218				0.825302863

		273		246176		0.8152		993184		0.8205				0.8178471437

		274		248800		0.8238		1045696		0.8639				0.8438835172

		275		250304		0.8288		1061696		0.8771				0.8529829688

		276		262176		0.8681		1053696		0.8705				0.8693339053

		277		266304		0.8818		1061696		0.8771				0.879473035

		278		259808		0.8603		1053696		0.8705				0.8654133755

		279		269056		0.8909		1059072		0.8750				0.8829453872

		280		259808		0.8603		1112320		0.9190				0.8896301633

		281		269056		0.8909		1118816		0.9243				0.907624832

		282		275168		0.9112		1126816		0.9309				0.92104873

		283		278656		0.9227		1118816		0.9243				0.9235188718

		284		280160		0.9277		1126816		0.9309				0.9293136307

		285		284288		0.9414		1118816		0.9243				0.9328433751

		286		278656		0.9227		1176320		0.9718				0.9472730026

		287		278656		0.9227		1189440		0.9827				0.9526926986

		288		293312		0.9712		1185568		0.9795				0.975358128

		289		296320		0.9812		1185568		0.9795				0.9803382605

		290		296320		0.9812		1184064		0.9782				0.9797169782

		291		296320		0.9812		1185568		0.9795				0.9803382605

		292		296320		0.9812		1184064		0.9782				0.9797169782

		293		296320		0.9812		1189440		0.9827				0.9819377317

		294		310176		0.9729		1185568		0.9795				0.9762058101

		295		317312		0.9493		1184064		0.9782				0.9637699584

		296		307808		0.9808		1185568		0.9795				0.9801263399

		297		311680		0.9679		1185568		0.9795				0.9737157439

		298		311296		0.9692		1187936		0.9814				0.9753296945

		299		315808		0.9543		1185568		0.9795				0.9668813068

		300		309312		0.9758		1185568		0.9795				0.9776362737

		301		315808		0.9543		1184064		0.9782				0.9662600246
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		230		0.966949

		235		0.89664

		240		0.939078

		245		0.973199

				FINAL		RESULTS:

		0		0.968637

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.968992

		130		0.973667

		135		0.941791

		140		0.958688

		145		0.982009

		150		0.982231

		155		0.982232

		160		0.98214

		165		0.869126

		170		0.976094

		175		0.990778

		180		0.990432

		185		0.990704

		190		0.990996

		195		0.991242

		200		0.991011

		205		0.99087

		210		0.990615

		215		0.8627

		220		0.903911

		225		0.897265

		230		0.945558

		235		0.93827

		240		0.954681

		245		0.964006

		----------------------

				HYBRID		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.991144

		125		0.990976

		130		0.991309

		135		0.989657

		140		0.991699

		145		0.990586

		150		0.989786

		155		0.991699

		160		0.990457

		165		0.881388

		170		0.986142

		175		0.985804

		180		0.985449

		185		0.985721

		190		0.985804

		195		0.985647

		200		0.985597

		205		0.985721

		210		0.985804

		215		0.83294

		220		0.929189

		225		0.891066

		230		0.9896

		235		0.988427

		240		0.989086

		245		0.988427

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.87797

		170		0.957208

		175		0.984265

		180		0.998362

		185		0.999055

		190		0.997282

		195		0.997293

		200		0.996571

		205		0.996437

		210		0.997279

		215		0.908151

		220		0.860007

		225		0.858418

		230		0.977611

		235		0.983891

		240		0.985892

		245		0.990109

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.875337

		170		0.956023

		175		0.982896

		180		0.999633

		185		0.999633

		190		0.998789

		195		0.998923

		200		0.998923

		205		0.998789

		210		0.999323

		215		0.906034

		220		0.973281

		225		0.972082

		230		0.991788

		235		0.991738

		240		0.991297

		245		0.991875

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.871116

		170		0.98427

		175		0.997726

		180		0.998156

		185		0.997149

		190		0.998008

		195		0.998008

		200		0.997149

		205		0.998156

		210		0.997726

		215		0.902972

		220		0.914014

		225		0.925268

		230		0.968172

		235		0.946345

		240		0.954815

		245		0.947263

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.991521

		125		0.990993

		130		0.991326

		135		0.990219

		140		0.99155

		145		0.990769

		150		0.990626

		155		0.99077

		160		0.99155

		165		0.864395

		170		0.980152

		175		0.997784

		180		0.997636

		185		0.997292

		190		0.997636

		195		0.997784

		200		0.997918

		205		0.998131

		210		0.997073

		215		0.90698

		220		0.844486

		225		0.825825

		230		0.966949

		235		0.956986

		240		0.954887

		245		0.955104

				FINAL		RESULTS:

		0		0.975097

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.976734

		130		0.993267

		135		0.991938

		140		0.993574

		145		0.992902

		150		0.992331

		155		0.992665

		160		0.99267

		165		0.874041

		170		0.972759

		175		0.989695

		180		0.995847

		185		0.99577

		190		0.995504

		195		0.995531

		200		0.995232

		205		0.995447

		210		0.995441

		215		0.891416

		220		0.904195

		225		0.894532

		230		0.978824

		235		0.973477

		240		0.975195

		245		0.974556

		----------------------

				FAIRNESS		vs.		Inter-CN		delay:

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.445755

		120		0.434977

		125		0.434192

		130		0.435277

		135		0.435265

		140		0.434671

		145		0.435668

		150		0.435586

		155		0.433705

		160		0.435623

		165		0.634621

		170		0.620613

		175		0.620481

		180		0.620894

		185		0.620175

		190		0.620399

		195		0.620729

		200		0.619936

		205		0.620456

		210		0.619845

		215		0.47025

		220		0.468114

		225		0.467106

		230		0.467876

		235		0.468296

		240		0.468788

		245		0.467746

		----------------------

				1		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.682284

		120		0.995359

		125		0.996686

		130		0.995503

		135		0.995863

		140		0.994986

		145		0.995324

		150		0.995347

		155		0.995861

		160		0.995834

		165		0.869693

		170		0.896501

		175		0.937261

		180		0.974285

		185		0.989114

		190		0.990699

		195		0.991604

		200		0.992488

		205		0.991604

		210		0.992662

		215		0.91109

		220		0.932026

		225		0.928081

		230		0.928059

		235		0.927494

		240		0.928812

		245		0.926686

		----------------------

				1.2		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.584707

		120		0.836381

		125		0.972015

		130		0.99685

		135		0.997328

		140		0.995889

		145		0.996199

		150		0.997435

		155		0.997257

		160		0.996451

		165		0.837562

		170		0.841824

		175		0.952413

		180		0.987912

		185		0.997823

		190		0.997138

		195		0.997971

		200		0.997138

		205		0.997476

		210		0.997823

		215		0.790181

		220		0.790803

		225		0.661984

		230		0.530204

		235		0.670527

		240		0.820035

		245		0.97547

		----------------------

				1.4		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.47494

		120		0.530102

		125		0.919353

		130		0.994403

		135		0.996294

		140		0.994248

		145		0.996294

		150		0.995878

		155		0.996116

		160		0.995878

		165		0.855457

		170		0.77226

		175		0.947465

		180		0.991649

		185		0.990858

		190		0.990304

		195		0.990816

		200		0.990478

		205		0.990586

		210		0.990535

		215		0.773523

		220		0.942829

		225		0.702695

		230		0.610868

		235		0.811801

		240		0.882021

		245		0.484641

		----------------------

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.54054

		120		0.955611

		125		0.995824

		130		0.993021

		135		0.993382

		140		0.994861

		145		0.993707

		150		0.992853

		155		0.995033

		160		0.992414

		165		0.883222

		170		0.982668

		175		0.983486

		180		0.983759

		185		0.983304

		190		0.983338

		195		0.983759

		200		0.983659

		205		0.983585

		210		0.983304

		215		0.847456

		220		0.961038

		225		0.969189

		230		0.969177

		235		0.977822

		240		0.978505

		245		0.9793

		----------------------

				1.8		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.496647

		120		0.944518

		125		0.991565

		130		0.995907

		135		0.994248

		140		0.993705

		145		0.995836

		150		0.995074

		155		0.995747

		160		0.994082

		165		0.878653

		170		0.95286

		175		0.988633

		180		0.99911

		185		0.9988

		190		0.998453

		195		0.99807

		200		0.997413

		205		0.99776

		210		0.99807

		215		0.900736

		220		0.926823

		225		0.978751

		230		0.976697

		235		0.960383

		240		0.979151

		245		0.996567

		----------------------

				2.2		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.455106

		120		0.944946

		125		0.985983

		130		0.984872

		135		0.985671

		140		0.986861

		145		0.985983

		150		0.984872

		155		0.985671

		160		0.986861

		165		0.870652

		170		0.951778

		175		0.993156

		180		0.993986

		185		0.994

		190		0.994563

		195		0.994628

		200		0.994148

		205		0.993525

		210		0.995132

		215		0.903692

		220		0.837406

		225		0.815009

		230		0.991836

		235		0.990722

		240		0.991706

		245		0.991641

		----------------------

				2.4		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.45536

		120		0.908779

		125		0.992756

		130		0.992015

		135		0.992483

		140		0.993068

		145		0.992483

		150		0.992636

		155		0.993283

		160		0.993068

		165		0.878356

		170		0.960992

		175		0.99129

		180		0.991364

		185		0.992678

		190		0.991464

		195		0.991373

		200		0.991438

		205		0.992274

		210		0.99162

		215		0.900002

		220		0.962639

		225		0.954008

		230		0.942212

		235		0.952141

		240		0.966366

		245		0.981241

		----------------------
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		115		0.766993		0.836381		0.530102

		120		0.966074		0.972015		0.919353

		125		0.965583		0.99685		0.994403

		130		0.965807		0.997328		0.996294

		135		0.965583		0.995889		0.994248

		140		0.965955		0.996199		0.996294

		145		0.965271		0.997435		0.995878

		150		0.965807		0.997257		0.996116

		155		0.965583		0.996451		0.995878

		160		0.887666		0.837562		0.855457

		165		0.988822		0.841824		0.77226

		170		0.988574		0.952413		0.947465

		175		0.988822		0.987912		0.991649

		180		0.988674		0.997823		0.990858

		185		0.988674		0.997138		0.990304

		190		0.988822		0.997971		0.990816

		195		0.988674		0.997138		0.990478

		200		0.988822		0.997476		0.990586

		205		0.988401		0.997823		0.990535

		210		0.87475		0.790181		0.773523

		215		0.865818		0.790803		0.942829

		220		0.91633		0.661984		0.702695

		225		0.900265		0.530204		0.610868

		230		0.897839		0.670527		0.811801

		235		0.898368		0.820035		0.882021

		240		0.901338		0.97547		0.484641
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FS_vs_Cn

				NAIVE		METHOD:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.671844

		120		0.808632

		125		0.824614

		130		0.82485

		135		0.824403

		140		0.82539

		145		0.824501

		150		0.82429

		155		0.824973

		160		0.825309

		165		0.829426

		170		0.907402

		175		0.938696

		180		0.951741

		185		0.95532

		190		0.956367

		195		0.956094

		200		0.955832

		205		0.955855

		210		0.955286

		215		0.737485

		220		0.919253

		225		0.947564

		230		0.960345

		235		0.975353

		240		0.987085

		245		0.994247

				FINAL		RESULTS:

		0		0.993107

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.671844

		120		0.808632

		125		0.824614

		130		0.82485

		135		0.824403

		140		0.82539

		145		0.824501

		150		0.82429

		155		0.824973

		160		0.825309

		165		0.829426

		170		0.907402

		175		0.938696

		180		0.951741

		185		0.95532

		190		0.956367

		195		0.956094

		200		0.955832

		205		0.955855

		210		0.955286

		215		0.737485

		220		0.919253

		225		0.947564

		230		0.960345

		235		0.975353

		240		0.987085

		245		0.994247

		----------------------

				SIMPLE		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.781568

		125		0.98417

		130		0.986471

		135		0.985359

		140		0.984482

		145		0.986159

		150		0.98417

		155		0.986471

		160		0.985359

		165		0.87844

		170		0.96498

		175		0.991095

		180		0.99074

		185		0.991144

		190		0.990996

		195		0.991095

		200		0.990996

		205		0.991343

		210		0.990896

		215		0.883187

		220		0.968412

		225		0.962977

		230		0.960187

		235		0.960664

		240		0.960729

		245		0.960801

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.733369

		125		0.954546

		130		0.965583

		135		0.964454

		140		0.965896

		145		0.964557

		150		0.965896

		155		0.964557

		160		0.965672

		165		0.864147

		170		0.876005

		175		0.87474

		180		0.876451

		185		0.876005

		190		0.876005

		195		0.877062

		200		0.875923

		205		0.874823

		210		0.876451

		215		0.755242

		220		0.823686

		225		0.823908

		230		0.782631

		235		0.767642

		240		0.797741

		245		0.805546

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.733369

		125		0.954546

		130		0.965583

		135		0.964454

		140		0.965896

		145		0.964557

		150		0.965896

		155		0.964557

		160		0.965672

		165		0.860609

		170		0.883644

		175		0.885002

		180		0.884579

		185		0.883819

		190		0.883893

		195		0.884604

		200		0.884877

		205		0.883942

		210		0.884555

		215		0.768218

		220		0.836939

		225		0.836275

		230		0.848688

		235		0.861432

		240		0.879354

		245		0.895566

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.733369

		125		0.954546

		130		0.965583

		135		0.964454

		140		0.965896

		145		0.964557

		150		0.965896

		155		0.964557

		160		0.965672

		165		0.868414

		170		0.900632

		175		0.900732

		180		0.901144

		185		0.900732

		190		0.900732

		195		0.900732

		200		0.900732

		205		0.900988

		210		0.901244

		215		0.707715

		220		0.856701

		225		0.85779

		230		0.867284

		235		0.884402

		240		0.88399

		245		0.884619

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.789406

		125		0.987126

		130		0.988961

		135		0.988162

		140		0.988271

		145		0.988328

		150		0.988105

		155		0.987139

		160		0.989294

		165		0.863676

		170		0.957698

		175		0.990544

		180		0.990115

		185		0.990726

		190		0.991172

		195		0.990115

		200		0.990404

		205		0.991172

		210		0.990115

		215		0.910479

		220		0.97052

		225		0.957709

		230		0.947791

		235		0.947148

		240		0.946865

		245		0.947509

				FINAL		RESULTS:

		0		0.883783

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.754216

		125		0.966987

		130		0.974436

		135		0.973377

		140		0.974088

		145		0.973631

		150		0.973992

		155		0.973456

		160		0.974334

		165		0.867057

		170		0.916592

		175		0.928423

		180		0.928606

		185		0.928485

		190		0.92856

		195		0.928722

		200		0.928586

		205		0.928453

		210		0.928652

		215		0.804968

		220		0.891252

		225		0.887732

		230		0.881316

		235		0.884258

		240		0.893736

		245		0.898808

		----------------------

				2CN		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.991144

		125		0.990976

		130		0.991309

		135		0.989657

		140		0.991699

		145		0.990586

		150		0.989786

		155		0.991699

		160		0.990457

		165		0.881388

		170		0.986142

		175		0.985804

		180		0.985449

		185		0.985721

		190		0.985804

		195		0.985647

		200		0.985597

		205		0.985721

		210		0.985804

		215		0.83294

		220		0.929189

		225		0.891066

		230		0.9896

		235		0.988427

		240		0.989086

		245		0.988427

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.8698

		170		0.975201

		175		0.997919

		180		0.997572

		185		0.99859

		190		0.997919

		195		0.99859

		200		0.997919

		205		0.998235

		210		0.998448

		215		0.899939

		220		0.815209

		225		0.853074

		230		0.852524

		235		0.885261

		240		0.923275

		245		0.937449

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.867273

		170		0.959403

		175		0.9756

		180		0.975096

		185		0.975196

		190		0.97517

		195		0.975873

		200		0.97517

		205		0.975096

		210		0.9756

		215		0.769165

		220		0.969352

		225		0.966771

		230		0.978384

		235		0.981486

		240		0.982036

		245		0.981832

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.95433

		130		0.9619

		135		0.909693

		140		0.936731

		145		0.976231

		150		0.976915

		155		0.976231

		160		0.976231

		165		0.862777

		170		0.979573

		175		0.996785

		180		0.996409

		185		0.996719

		190		0.998453

		195		0.998317

		200		0.998453

		205		0.997165

		210		0.996153

		215		0.904473

		220		0.961318

		225		0.949591

		230		0.940335

		235		0.939537

		240		0.939928

		245		0.939125

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.991521

		125		0.990993

		130		0.991326

		135		0.990219

		140		0.99155

		145		0.990769

		150		0.990626

		155		0.99077

		160		0.99155

		165		0.864395

		170		0.980152

		175		0.997784

		180		0.997636

		185		0.997292

		190		0.997636

		195		0.997784

		200		0.997918

		205		0.998131

		210		0.997073

		215		0.90698

		220		0.844486

		225		0.825825

		230		0.966949

		235		0.89664

		240		0.939078

		245		0.973199

				FINAL		RESULTS:

		0		0.968637

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.968992

		130		0.973667

		135		0.941791

		140		0.958688

		145		0.982009

		150		0.982231

		155		0.982232

		160		0.98214

		165		0.869126

		170		0.976094

		175		0.990778

		180		0.990432

		185		0.990704

		190		0.990996

		195		0.991242

		200		0.991011

		205		0.99087

		210		0.990615

		215		0.8627

		220		0.903911

		225		0.897265

		230		0.945558

		235		0.93827

		240		0.954681

		245		0.964006

		----------------------

				HYBRID		METHOD:

				EXP		1:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.465378

		120		0.991144

		125		0.990976

		130		0.991309

		135		0.989657

		140		0.991699

		145		0.990586

		150		0.989786

		155		0.991699

		160		0.990457

		165		0.881388

		170		0.986142

		175		0.985804

		180		0.985449

		185		0.985721

		190		0.985804

		195		0.985647

		200		0.985597

		205		0.985721

		210		0.985804

		215		0.83294

		220		0.929189

		225		0.891066

		230		0.9896

		235		0.988427

		240		0.989086

		245		0.988427

				EXP		2:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.87797

		170		0.957208

		175		0.984265

		180		0.998362

		185		0.999055

		190		0.997282

		195		0.997293

		200		0.996571

		205		0.996437

		210		0.997279

		215		0.908151

		220		0.860007

		225		0.858418

		230		0.977611

		235		0.983891

		240		0.985892

		245		0.990109

				EXP		3:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.875337

		170		0.956023

		175		0.982896

		180		0.999633

		185		0.999633

		190		0.998789

		195		0.998923

		200		0.998923

		205		0.998789

		210		0.999323

		215		0.906034

		220		0.973281

		225		0.972082

		230		0.991788

		235		0.991738

		240		0.991297

		245		0.991875

				EXP		4:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.456171

		120		0.918625

		125		0.967233

		130		0.994566

		135		0.993271

		140		0.994874

		145		0.994385

		150		0.993748

		155		0.993619

		160		0.993782

		165		0.871116

		170		0.98427

		175		0.997726

		180		0.998156

		185		0.997149

		190		0.998008

		195		0.998008

		200		0.997149

		205		0.998156

		210		0.997726

		215		0.902972

		220		0.914014

		225		0.925268

		230		0.968172

		235		0.946345

		240		0.954815

		245		0.947263

				EXP		5:00

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.48236

		120		0.991521

		125		0.990993

		130		0.991326

		135		0.990219

		140		0.99155

		145		0.990769

		150		0.990626

		155		0.99077

		160		0.99155

		165		0.864395

		170		0.980152

		175		0.997784

		180		0.997636

		185		0.997292

		190		0.997636

		195		0.997784

		200		0.997918

		205		0.998131

		210		0.997073

		215		0.90698

		220		0.844486

		225		0.825825

		230		0.966949

		235		0.956986

		240		0.954887

		245		0.955104

				FINAL		RESULTS:

		0		0.975097

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.46325

		120		0.947708

		125		0.976734

		130		0.993267

		135		0.991938

		140		0.993574

		145		0.992902

		150		0.992331

		155		0.992665

		160		0.99267

		165		0.874041

		170		0.972759

		175		0.989695

		180		0.995847

		185		0.99577

		190		0.995504

		195		0.995531

		200		0.995232

		205		0.995447

		210		0.995441

		215		0.891416

		220		0.904195

		225		0.894532

		230		0.978824

		235		0.973477

		240		0.975195

		245		0.974556

		----------------------

				FAIRNESS		vs.		Inter-CN		delay:

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.445755

		120		0.434977

		125		0.434192

		130		0.435277

		135		0.435265

		140		0.434671

		145		0.435668

		150		0.435586

		155		0.433705

		160		0.435623

		165		0.634621

		170		0.620613

		175		0.620481

		180		0.620894

		185		0.620175

		190		0.620399

		195		0.620729

		200		0.619936

		205		0.620456

		210		0.619845

		215		0.47025

		220		0.468114

		225		0.467106

		230		0.467876

		235		0.468296

		240		0.468788

		245		0.467746

		----------------------

				1		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.45633

		120		0.766993

		125		0.966074

		130		0.965583

		135		0.965807

		140		0.965583

		145		0.965955

		150		0.965271

		155		0.965807

		160		0.965583

		165		0.887666

		170		0.988822

		175		0.988574

		180		0.988822

		185		0.988674

		190		0.988674

		195		0.988822

		200		0.988674

		205		0.988822

		210		0.988401

		215		0.87475

		220		0.865818

		225		0.91633

		230		0.900265

		235		0.897839

		240		0.898368

		245		0.901338

		----------------------

				1.2		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.584707

		120		0.836381

		125		0.972015

		130		0.99685

		135		0.997328

		140		0.995889

		145		0.996199

		150		0.997435

		155		0.997257

		160		0.996451

		165		0.837562

		170		0.841824

		175		0.952413

		180		0.987912

		185		0.997823

		190		0.997138

		195		0.997971

		200		0.997138

		205		0.997476

		210		0.997823

		215		0.790181

		220		0.790803

		225		0.661984

		230		0.530204

		235		0.670527

		240		0.820035

		245		0.97547

		----------------------

				1.4		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.47494

		120		0.530102

		125		0.919353

		130		0.994403

		135		0.996294

		140		0.994248

		145		0.996294

		150		0.995878

		155		0.996116

		160		0.995878

		165		0.855457

		170		0.77226

		175		0.947465

		180		0.991649

		185		0.990858

		190		0.990304

		195		0.990816

		200		0.990478

		205		0.990586

		210		0.990535

		215		0.773523

		220		0.942829

		225		0.702695

		230		0.610868

		235		0.811801

		240		0.882021

		245		0.484641

		----------------------

				1.6		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.54054

		120		0.955611

		125		0.995824

		130		0.993021

		135		0.993382

		140		0.994861

		145		0.993707

		150		0.992853

		155		0.995033

		160		0.992414

		165		0.883222

		170		0.982668

		175		0.983486

		180		0.983759

		185		0.983304

		190		0.983338

		195		0.983759

		200		0.983659

		205		0.983585

		210		0.983304

		215		0.847456

		220		0.961038

		225		0.969189

		230		0.969177

		235		0.977822

		240		0.978505

		245		0.9793

		----------------------

				1.8		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.496647

		120		0.944518

		125		0.991565

		130		0.995907

		135		0.994248

		140		0.993705

		145		0.995836

		150		0.995074

		155		0.995747

		160		0.994082

		165		0.878653

		170		0.95286

		175		0.988633

		180		0.99911

		185		0.9988

		190		0.998453

		195		0.99807

		200		0.997413

		205		0.99776

		210		0.99807

		215		0.900736

		220		0.926823

		225		0.978751

		230		0.976697

		235		0.960383

		240		0.979151

		245		0.996567

		----------------------

				2.2		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.455106

		120		0.944946

		125		0.985983

		130		0.984872

		135		0.985671

		140		0.986861

		145		0.985983

		150		0.984872

		155		0.985671

		160		0.986861

		165		0.870652

		170		0.951778

		175		0.993156

		180		0.993986

		185		0.994

		190		0.994563

		195		0.994628

		200		0.994148

		205		0.993525

		210		0.995132

		215		0.903692

		220		0.837406

		225		0.815009

		230		0.991836

		235		0.990722

		240		0.991706

		245		0.991641

		----------------------

				2.4		secs:

		0		1

		5		1

		10		1

		15		1

		20		1

		25		1

		30		1

		35		1

		40		1

		45		1

		50		1

		55		1

		60		1

		65		0.966546

		70		0.999026

		75		0.998258

		80		0.998258

		85		0.998382

		90		0.998258

		95		0.998542

		100		0.998258

		105		0.998258

		110		0.998597

		115		0.45536

		120		0.908779

		125		0.992756

		130		0.992015

		135		0.992483

		140		0.993068

		145		0.992483

		150		0.992636

		155		0.993283

		160		0.993068

		165		0.878356

		170		0.960992

		175		0.99129

		180		0.991364

		185		0.992678

		190		0.991464

		195		0.991373

		200		0.991438

		205		0.992274

		210		0.99162

		215		0.900002

		220		0.962639

		225		0.954008

		230		0.942212

		235		0.952141

		240		0.966366

		245		0.981241

		----------------------





FS_vs_Cn

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



0.8 sec

1.0 sec

1.2 sec

1.4 sec

Time (seconds)

Degree of Fairness

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



1.6 sec

1.8 sec

2.0 sec

2.2 sec

Time (seconds)

Degree of Fairness

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1114421377.unknown

_1112097791.unknown

_1112097846.unknown

_1112097737.unknown

_1112097613.unknown

_1112097646.unknown

_1112097218.unknown

_1106479749.unknown

_1106486613.unknown

_1112096830.unknown

_1112097007.unknown

_1112097023.unknown

_1112096922.unknown

_1112096932.unknown

_1106487491.unknown

_1108540011.unknown

_1112096556.unknown

_1112096799.unknown

_1108798055.unknown

_1108800629.unknown

_1106499678.unknown

_1108539963.unknown

_1106501034.unknown

_1106499124.unknown

_1106487249.unknown

_1106487480.unknown

_1106487102.unknown

_1106487022.unknown

_1106485962.unknown

_1106486255.unknown

_1106486316.unknown

_1106486367.unknown

_1106486379.unknown

_1106486341.unknown

_1106486302.unknown

_1106486085.unknown

_1106479889.unknown

_1106479923.unknown

_1106480180.unknown

_1106480198.unknown

_1106479947.unknown

_1106479914.unknown

_1106479755.unknown

_1106475706.unknown

_1106478017.unknown

_1106479682.unknown

_1106479715.unknown

_1106478030.unknown

_1106479624.unknown

_1106477236.unknown

_1106477328.unknown

_1106477214.unknown

_1106475224.unknown

_1106475240.unknown

_1106475248.unknown

_1106475230.unknown

_1083656602.unknown

_1085418169.unknown

_1085418183.unknown

_1087977155.unknown

_1083656637.unknown

_1083656546.unknown

_1083656591.unknown

_1073831869.unknown

_1083606790.unknown

