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Abstract

This thesis presents research and study of load balancing algorithms and the analy-
sis of the performance of each algorithm in varying conditions. The research also covers a
study of the characteristics of Internet traffic and its statistical properties. The network
workload models that were implemented in the simulation program were derived from the
many works already published within the Internet community. These workload models
were successfully implemented and statistical proof is given that they exhibit characteris-
tics similar to the workloads found on the Internet. Finally, this thesis compares and con-
trasts the differences between stateless server selection methods and state-base selection

methods with the different algorithms studied.
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CHAPTER |

INTRODUCTION

The research and results of the topic of Load Balancing and Internet traffic model-
ing are presented in this thesis.

Load Balancing is a form of system performance evaluation, analysis and optimi-
zation, which attempts to distribute a number of logical processes across a network of pro-
cessing elements. There have been many algorithms and techniques that have been
developed and studied for improving system performance. In early research in the field of
computer science, the main focus for improving performance was to develop algorithms
and techniques to optimize the use of systems with limited and expensive resources for
scientific computing and information systems. Later, there was an emphasis on how to
network groups of computers or workstations and then share the resources among work-
groups. More recently there has been a tremendous increase in the popularity of the Inter-
net as a system for sharing and gathering information. The use of the Internet has been
increasing at a tremendous rate and there always has been a concern among those in the
Internet community that enough resources will be available to provide the expected qual-
ity of service that is received by its users.

The process of “balancing”, “sharing”, “scheduling” or “distributing” work using a

network of computers or a system of multiple processing elements is a widely studied sub-



ject. This paper will focus on recent works that have been written regarding today’s com-
puting environments.

In this thesis, we will look at the art of load balancing and how it can be applied to
distributed networks and more specifically the Internet. Initially, the focus of the research
for this thesis was on development and analysis of algorithms that minimized the amount
of messaging or probing that is required for determining the current workload of a set of
processing elements, such as a group of replicated web servers. These algorithms were to
compare stochastic based methods of estimating server workloads, with more intrusive
methods of messaging and probing. During the process of developing the simulator to be
used for evaluating the algorithms in this study, tasks related to modeling network work-
loads, and the workloads related to the Internet in particular, were identified to be crucial
to the research in this area and as a result of this effort, network modeling has become a
significant portion of this thesis.

The thesis is divided into the following chapters. Chapter 2 will discuss the con-
cepts and research related to the subject of Load Balancing. Chapter 3 will discuss the
issues related to modeling network traffic and in particular Internet traffic. Chapter 4
describes the Network Simulator used to evaluate the load balancing algorithms. Chapter
5 is the Experimental Design of the network simulations, and Chapter 6 will discuss the
results of the experimental simulations. Finally, Chapter 7 will discuss the conclusions
based upon the experiments performed in this study.

Finally, in addition to the goals already mentioned, it is the hope of the author that
this research can be used as a reference for the continued study in the areas of network

performance evaluation, modeling and simulation.



CHAPTER Il

LOAD BALANCING

Load balancing is probably the most commonly used term for describing a class of
processes that attempt to optimize system performance. System performance is optimized
by attempting to best utilize a group of processing elements, typically a CPU, or storage
elements, such as memory of disk, or some other resource that are interconnected in a dis-
tributed network. The process of Load Balancing may also be known as Load Sharing,
Load Distribution, Parallel Programming, Concurrent Programming, and Control Sched-
uling. Although these processes can be quite different in their purpose, the processes all
have a common goal. This goal is to allocate logical processes evenly across multiple pro-
cessors, or a distributed network of processing elements, so that collectively all the logical
processes are executed in the most efficient manner possible. Examples of some of the
approaches for achieving this goal are: keeping idle systems busy, low execution latency
(fast execution time), fast response time, maximizing job throughput, executing jobs in
parallel and distribution of jobs to specialized systems. More generally, whenever a pro-
cessing element becomes idle and there are logical processes waiting for servers, the sys-
tem should attempt to place any new process or processes waiting for service on an idle
server and not on a busy one.

One area that has received a lot of research is the dynamic load balancing of pro-

cesses by migrating processes from busy servers to less busy servers. The issues of



dynamic load balancing along with the basic load balancing concepts will be addressed in
this chapter.
The rest of this chapter is divided into the following sections, the Types of Load

Balancing, Selection Methods, Related Works and finally, Applications of Load Balanc-

ing.

2.1 Types of Load Balancing
There are basically two types of load balancing, static load balancing and dynamic

load balancing. The following two sections will discuss these topics.

2.1.1 Static Load Balancing

Static load balancing is the simplest form of the two types. Static load balancing is
the selection and placement of a logical process on some processing element located on a
distributed network. The selection of the processing element for some logical process is
based upon some weighting factor for that process, or some kind of workload character-
ization of the processing elements or of the network topology, possibly both. The process
of selecting a processing element for a logical process requesting service may be done
with two possible methods, a stateless method or a state-based method. With a stateless
method the selection of a processing element is done without regard to any knowledge of
the system state. A state-based method of selecting a processing element implies that the
selection of a processing element requires knowledge of the system state, either globally,
or locally. Global knowledge implies that the state of the all the components of the system

is known, and local knowledge implies that only partial knowledge is known. If the state



of the system is needed then some kind of messaging or probing of network resources
among the requesting processes, agents, or processing elements is needed to determine
their availability. Once a processing element is selected for a logical process, the logical
process is executed on the selected processing element for the duration of the logical pro-
cess lifetime.

Two examples of stateless placement techniques for selecting a processing element
for logical processes are round robin and random placement. Round robin placement
selects the next processing element from a predefined list. Random placement selects an
element randomly from a set of processing elements.

Examples of state-based process placement techniques include greedy algorithms
and stochastic selection processes. Greedy processes typically try to find the processing
element with the lightest load or the best response time, therefore requiring the process to
have some knowledge of the workload of each processing element or the state of the net-
work topology between the client and server. Another example is the selection of a pro-
cessing element using a randomly selected subset of a set of processing elements and then
selecting the processor in the subset with the lowest load. Studies by Mitzenmacher
(1997) and Dahlin (1998) researched the random subset selection technique in great detail.
Finally, stochastic selection techniques may be used to select a processing element based
upon the probability distribution of the server loads. This technique may select any
server, but the lighter the load the higher the probability of selecting the server. These

techniques are described in detail in Chapter 4.



2.1.2 Dynamic Load Balancing

Dynamic load balancing is the initial selection and placement of a logical process
on some processing element in a distributed network and then at some point in time there
may be a decision made to move a process to some other processing element. The initial
selection and placement is done with the same method as static load balancing. But at
some point in time during the execution of the logical process, based on some decision cri-
teria, a process may be preempted and migrated to another processing element somewhere
else on the network. Generally a process is migrated to another processor if the migration
cost or overhead is less than some predetermined metric.

This raises a number of issues regarding dynamic load balancing when the system
chooses to move a process. Some of these issues are:

* Which process or processes are candidates for migration?

* Which processing element is the best target for process migration?

* How do you preserve the process state when it is migrated?

* Is the system homogeneous or does it have heterogeneous systems?

* What is the overhead cost of migration?

* When is the decision for migration made?

* Who makes the decision to migrate; the system, server or process?

These issues and others have been the subject of extensive studies. For detailed
discussions regarding the issues of dynamic load balancing and migration, see Eagar,
Lazowska and Zahorjan (1986), Leland and Ott (1986), Eagar, Lazowska and Zahorjan

(1988), Shub (1990), Purohit, Eagar and Bunt (1992), Hailperin (1993), Von Bank, Shub



and Sebesta (1994), Harchol-Balter (1996), and Harchol-Balter and Downey (1997).

Later in this chapter a brief review of some of these studies is made.

2.2 Methods for Selecting Processing Elements
This section will discuss four methods for determining the workload of a distrib-
uted network: static placement, probing, messaging and finally stochastic methods. These

methods are discussed in the following sections.

2.2.1 Static Placement

With static placement, client ambivalence occurs because a processing element is
selected without regard to the current state of the processing elements within a distributed
network. System state is measured with metrics such as server workloads or available
bandwidth. Even though the client wants optimal performance, the client may have a pre-
determined processing element selected for placing all of its logical processes. Selection
may occur geographically, or the client may be ignorant of the set of available processing
elements and only knows of one. The client may also rely on some agent to select a pro-
cessing element and the agent selects a server without any knowledge of the system work-
load. The method used to select a processing element may be random, round robin or
geographic. This kind of strategy does not scale well and provides no alternative for plac-

ing the clients logical process on a system with better performance.



2.2.2 Probing

Probing is a strategy by which a client or an agent for a client attempts to deter-
mine the load of a system or processing element by sending messages to each processing
element it is interested in, and then measuring the response time of the return messages, or
by receiving a message from a processing element as a result of the probe. There are sev-
eral factors that could effect measuring the response time of a probe. The first factor is the
available bandwidth of the path between the client and the processing element. The link
with the lowest available bandwidth (or throughput) is known as the bottleneck link of the
path and consequently this will be the limiting performance factor that the client will
receive. Other factors that affect response time are the workloads of the processors,
bridges and routers. It may be difficult to determine the location of a system bottleneck,
since the causes of system bottlenecks may be a result by one or more of the following
conditions: slow or congested networks links, or slow or busy processing elements,
bridges or routers. One problem with a probing strategy is that the probes may cause
excessive network overhead, which can unfortunately, significantly impact the perfor-
mance of the processing elements or the network. Determining where bottlenecks occur
may be an important factor in improving the performance between the client and the pro-
cessing element, especially if there are ways to select alternative routes or other process-
ing elements that are capable of providing service.

An example of how to measure available bandwidth and discovering bottleneck
links can be found in Carter and Crovella (1996a) using two tools they have developed.
Available bandwidth is affected by two factors, the bottleneck link (the link with the low-

est capacity) and the congestion caused by the traffic competing for the link capacity on



the path between the client and server. The tool cddfgdbe provides an estimate of the
maximum possible (uncongested) bandwidth along a path, and a toolopaitiee,

which estimates the current congestion along a path. The combination of these two mea-
surements can give you an estimate of the available bandwidth for the application between
the client and server. With the knowledge of which links have the best available band-
width (at the time it is measured) the application may be able to choose a path that will
deliver the best response time by avoiding other paths with congestion.

In other research by Carter and Crovella (1996b), they demonstrate how an appli-
cation can usbkprobe andcprobe to allow an application to dynamically select a server
from a group of replicated servers to improve round-trip latency (minimize response time)
by avoiding servers who paths are along congested links.

In Zhang (1999) and Chow (1999), they discuss possible ways to avoid probing
problems with a set of load balancing agents that share load information about the avail-
able bandwidth on network links or the workloads of known processing elements. A cli-
ent can request the best available processing element from the agent for the client to use.
Therefore making the client more intelligent in selecting a processing element that is

lightly loaded and improving performance.

2.2.3 Messaging
Messaging is another way a processing element can communicate its workload to
the system. A client may register with the processing elements that it wishes to have

workload messages sent to it from the processing elements. These messages may be in the
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form of a multicast message where the processing elements periodically send messages
out on the network to the group of interested clients.

In a dynamic load balancing environment a processing element that is heavily
loaded over some predefined threshold may send messages to other processing elements
asking for help. If a suitable processing element is available, then new logical processes
can be processed there, and possibly, if there is a logical process on the busy processor that
can be migrated it may choose to migrate that processes to another processor. Also,
lightly loaded processors may send messages to all the servers saying that it is available
for receiving new logical processes or for processes to be migrated from heavily loaded

processors.

2.2.4 Stochastic Methods

The last strategy is to develop a method for predicting the load of a processing ele-
ment or network segment based on historical data. Stochastic approaches can reduce sys-
tem overhead by selection processing elements or network links that have a high
probability of being lightly loaded or have lower loads relative to other elements. The his-
torical load data can be communicated to the system during periods when the expected
loads are low. With the updated data, the system can then adjust its models with the cur-
rent trends and use this data for future predictions of system workloads. The advantages
of a stochastic approach is lower system overhead by avoiding periodic probing or mes-
saging, especially during periods when the workloads are high. A drawback may be the
accuracy of the predictive model that is used for selecting a processing element and for

adjusting to changing workloads.
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2.3 Related Works
In this section we will look at a number of related research papers, which can be

classified into two categories, load balancing techniques and workload characterization.

2.3.1 Load Balancing

Eager, Lazowska, and Zhahorjan (1986) called their research “adaptive load shar-
ing”. They defined the goal of load sharing is to improve performance by redistributing
the workload from heavily loaded processors to idle of lightly loaded ones. In their
research they analyzed various policies that performed adaptive load sharing. The com-
plexity of these policies varied in how they acquired and used system state information.
Simple policies collected very small amounts of system state information and when com-
bined with simple use of the data, yielded dramatic performance improvements. In fact,
the performance improvements were close to the more complex schemes they studied.
The complex policies acquire and use more system state information with the expectation
to take full advantage of the processing power of the system. With the complex policies
there is the cost of greater overhead in gathering data in the hope of improving perfor-
mance, but there is a possibility of poor decisions being made from inaccurate information
that could possibly be collected.

Research by Leland and Ott (1986) used load balancing to improve response times
seen by the users. Their research quantifies the benefits with using two different load bal-
ance schemes on a network on interconnected homogenous processors. The two schemes
are called initial placement and process migration. With static processor assignment, the

initial placement scheme for processor selection is predetermined and independent of the
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current state of the system. Once a process is placed on a processor it remains there for
the duration of the life of the process. With dynamic processor assignment, the initial
placement of a process on a processor is determined by the current state of the system. If
at some point in time the processor is too busy, a migration scheme may be employed to
reassign (migrate) a process to a different processor (with a lower load) during the execu-
tion of that process. They used CPU time as a way of determining which processes to
migrate. The more CPU time a process uses the greater the chance that the process may
be migrated to another processor. Their conclusions were that, “with a sufficiently inte-
grated local scheduling policy dynamic assignment will significantly improve response
times”. This conclusion is related to the processes that account for the most CPU and disk
demand, without adversely affecting the many processes that require little of either. These
conclusions however are based upon trace-based workload models, which may make their
conclusions invalid for application beyond the scope of the environment that the traces
were collected in.

Purohit, Eager and Bunt (1992) defined load sharing as a technique that attempts to
improve performance by moving work from congested system processors to lightly loaded
processors. They introduce the concept of priority load sharing, a technique that attempts
to improve overall system performance by moving jobs from congested system processors
to lightly loaded processors. Their goals are to keep all the processors as busy as possible,
reduce average processing time and to make optimal use of system resources. They do
this by assigning each new job to a priority queue. The system then attempts balance the
priority queues in the whole system. They looked at two policy types, static and adaptive.

Static load sharing does not react to the instantaneous changes in the state of the system.
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A simple estimate based on the average behavior of the system is used to determine which
processor to use. With adaptive (dynamic) load sharing the system reacts to the instanta-
neous changes in the state of the system and makes decisions to migrate a process to a
lightly loaded system. This is more complex and it requires a mechanism by which the
current state of the system is collected. Adaptive policies also have two additional poli-
cies, a transfer policy and a placement policy. The transfer policy determines whether to
process a job locally or remotely. A placement policy decides where to send a job for pro-
cessing when a transfer is necessary. They concluded that policies that exchange state
information prior to load exchanges outperform policies that don't exchange information.
Research by Hailperin (1993) looked at a class of distributed applications that
dynamically allocated the application processes in a distributed network. He focuses on
dynamic load distribution, which migrates existing objects to new processing elements.
He divides dynamic load distribution into two categories, load sharing and load balancing.
Load sharing is a policy in which the system attempts to avoid having idle processing ele-
ments, by placing new jobs or moving existing jobs to the idle processors. Load balancing
attempts to distribute the system workload equally, based on a global average workload,
among all the processing elements. He also discusses global versus local load balancing.
Global load balancing collects the workloads of all the processing elements and estimates
the global instantaneous average of all the workloads and then attempts to balance the load
by migrating objects from overloaded processing elements to under-loaded ones. Local
load balancing has no knowledge of a global system wide workload average. With local
load balancing, work is transferred between two neighboring processors. The transfers are

repeated among neighboring processors until a system-wide load balance can be achieved.
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His thesis solves migration problems with greedy methods and also the use of time series
analysis, which models how past workloads are relevant in predicting current workloads.
Finally, Hailperin’s thesis covers in great detail the taxonomy of load distribution prob-
lems.

Research by Harchol-Balter (1996) and Harchol-Balter and Downey (1997)
explored dynamic load balancing by analyzing the lifetime distributions of processes.
They defined CPU load balancing as migrating processes across the network from proces-
sors with high loads to processors with lower loads. The goal is to reduce the average
completion time of the processes and improve the utilization of the processors. Load bal-
ancing may be done explicitly by the user or implicitly by the system. Process migration
is concerned with two policies, migration and location. The migration policy determines
when migrations are to occur and which processes can be migrated. The location policy
determines which processor is selected for a potential process migration. Choosing a tar-
get processor with the shortest CPU run queue is considered a simple and effective way to
choose a processor. They concluded however that in comparison to the factors related to
migration policies, location policies are insignificant.

They had two main questions they wanted to answer:

1. Is preemptive migration worthwhile, given the additional cost associated with

migrating an active process?

2. Which active processes, if any are worth migrating?

To answer these questions, they analyzed the distribution of process lifetimes and
the cost to migrate a process. A process is a candidate for migration if its CPU age is

greater than some migration cost. Although both preemptive and non-preemptive migra-



15

tion policies showed improvements, their results show that preemptive migration policies
outperformed non-preemptive. The most interesting information found from the research
is that they concluded that the probability of a process over one second in age using more
thanT seconds of total CPU time isT1l/Also the probability that a process with dge

seconds uses at least an additidns¢éconds about 50% of the time, thus the median
remaining lifetime of a process is equal to its current age. This information is very useful
for system administration.

Research by Bestavros, Crovella, Liu, and Martin (1997), presents a decentralized
approach to redirecting incoming requests to servers called Distributed Packet Rewriting.
This approach allows all potential servers for client requests to either choose to provide
service or redirect the request to a server with fewer connections. This method allows for
better scalability and fault tolerance over centralized (single server) redirection strategies.
Server load information is shared among the servers by periodic multicast messages.

In Aversa and Bestavros (1999), they describe load balancing web servers using
Distributed Packet Rewriting as a technique for distributing web requests across a set of

replicated web servers.

2.3.2 Workload Characterization

This section will cover the major research papers that provided detailed informa-
tion regarding network modeling and modeling Internet traffic. The research papers focus
on two areas or study, workload characterization and self-similarity. A detailed discussion
of workload characterization and self-similarity is done in Chapter 3, Network Traffic

Modeling.
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Paxson and Floyd (1997) present a detailed discussion of the difficulties of simu-
lating the Internet. The difficulties are caused by the fact that the Internet is a large rapidly
growing and changing environment. Earlier work by Paxson and Floyd (1994, 1995) ana-
lyzed wide-area traffic patterns for various protocols and provided evidence that tradi-
tional traffic models were poor at modeling network traffic by developing new analytic
models, which were better at modeling the high variability they discovered in their traces
of Ethernet traffic.

Research analyzing Internet traces found similar characteristics to Ethernet traffic
in Internet traffic. Papers by Arlitt and Williamson (1995, 1996, 1997) analyzed the char-
acteristics of web server workloads and developed synthetic workload models to represent
these workloads. Research by Cunha, Bestavros and Crovella (1995) analyzed the charac-
teristics found in Internet client traces, and Barford and Crovella (1997) developed analyt-
ical models for generating Internet workloads.

Leland, Taqqu, Willinger and Wilson (1994) and Willinger, Taqqu, Sherman, and
Wilson (1997) provide evidence that Ethernet traffic is statistically self-similar. Also Pax-
son and Floyd (1995) determined that Poisson distributions make poor workload models
because of the evidence of self-similarity in their analysis of Ethernet traffic. Crovella and
Bestavros (1995) look for evidence and possible causes of self-similarity in World Wide
Web traffic. Park, Kim and Crovella (1996, 1997) analyze the performance impacts
caused by the main factors contributing to the statistical self-similarity that is being
observed. Finally, Crovella and Taqqu (1999) estimate the index of the tail in the heavy-

tailed distributions found in the Internet traces.
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2.3.3 Application

Sun Microsystems Inc. (1996, 1997, 1998) also promotes the use of a CPU farm
as a method of executing many jobs in parallel. Sun has a tool call Solstice™ Job Sched-
uler that can be used to submit jobs requests for execution on a processing element.

At Ford Microelectronics Inc. (FMI) load balancing is used to execute a set of pro-
gramming tools that do simulations for integrated circuit design. A product called Load
Balancet is used to distribute the simulations across the local area network at FMI. The
Load Balancer software product allows engineers at FMI to summit job requests to a
request queue that is managed by a centralize management process which selects a pro-
cessing element for executing the job request. The processing elements are homogeneous
system%that are either in a pool of compute servers or the workstations used by the engi-
neers on their desktops. This allows the engineers to submit job requests to the system
and receive transparent execution of their requests on some processing element on the

local area network.

1. Load Balancer is a product of Unison Software.

2. The systems are homogenous in the sense that they have the same processor architecture, oper-
ating system and execution binaries, however the processors have different clock speeds and
memory configurations. With the exception of these performance factors, the execution of sim-
ulations should be transparent to the engineers.



CHAPTER IIl

NETWORK TRAFFIC MODELING

This chapter will present and discuss the network traffic models that characterize
network traffic. More specifically this chapter will look at modeling Internet traffic and
the models that are used to simulate Internet traffic for the experiments discussed later in
this thesis.

The first part of this chapter will present the nature of Internet traffic and the fac-
tors that affect the performance perceived by the users. Next, this chapter will present the
differences between trace-based models and analytic models. Then, this chapter will

cover the characteristics of network traffic and finally, the traffic models and distributions.

3.1 Nature of Internet Traffic

There are a number of research papers that have analyzed the characteristics of
traffic on the Internet. They have found that the Internet has highly variable demands in
the form of request inter-arrival rates, the size of the files being transferred and popularity
of each file. Statistically, the distribution of these factors have a high percentage of the
values in the lower ranged but with heavy-tails. We will also see that the variations of
these factors have long range dependence and are considered statistically self-similar.

Traditionally request inter-arrival rates were modeled with Poisson distributions.

Recently a number of research papers reached a different conclusion, suggesting that
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request inter-arrival rates for Ethernet traffic and Internet traffic are poorly modeled by
Poisson distributions. In Paxson and Floyd (1995), Arlitt and Williamson (1997) and Bar-
ford and Crovella (1997), they made the following conclusions:

* Request inter-arrival times are best modeled by Weibull and Pareto distribu-
tions.

» File size distributions have high variance with heavy tails. The best distribu-
tion for file sizes is lognormal for the body of the distribution and a Pareto dis-
tribution for the tail.

» The popularity of particular files also has an effect on performance. The more
frequently accessed files are typically cached. Zipf’'s law can be used to model

the distributions of the popular files that are stored in cache.

3.2 Traffic Models
There are two basic ways for modeling network traffic, trace-based models and

analytic models. The two models are compared in the following sections.

3.2.1 Trace-based Models

Trace-based models use actual data traces to generate simulation workloads. The
main advantage of using trace-based models is that they are easy to use and implement.
The disadvantages are that the traces model only the workload at the time the trace was
made. This makes the model difficult to vary or change. Also this model may not reliably
identify the causes of system behavior. This model works well if you wish to simulate a

specific set of conditions.
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3.2.2 Analytic Models

Analytic models use mathematical models to generate simulation workloads.
Mathematical models are capable of generating different workloads by varying or chang-
ing the workload characteristics. They can however, be difficult to construct. First you
need to identify the important workload characteristics to model. Then the characteristics
need to be empirically measured and finally the best mathematical model needs to be cho-
sen and fitted to the measured data. Despite these difficulties, if you need to vary or
change the conditions of the simulations, then analytic models provide far more flexibility

than trace-based models.

3.3 Network Traffic Characteristics
This section on network traffic characteristics identifies the main factors that affect
the performance of the network that is being studied in this paper. The factors chosen for

this study are the characteristics of the clients, servers and the overall network.

3.3.1 Client Characteristics

The client has two factors that can be characterized, the request size and request
rate.

The size of client requests is relatively insignificant when compared to the size of
the requested data that can be returned from Internet web servers. The section on server
characteristics shows that requested file sizes can be very large.

Client request rates can be broken down into two categories, sleep time and active

time. These times can be described as ON/OFF times. Client sleep time occurs when the
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client is not actively making requests on the network is considered an OFF time. When
the client wakes up it is called the active or ON time. The active time is broken down into
two more categories, inactive off time, also called think time and active off time. Inactive
off time is the time between when a client wakes up and makes its first request or the time
between the completion of one request and the action taken to make a new request. Active
off time occurs when there are multiple embedded references in a HTTP request. An
HTTP request may have zero or more additional references embedded in it to other
objects. These objects can be other web pages, images, video files or audio files. The
embedded references are downloaded with the original request and the active off time is

the time between the completion of one embedded reference and beginning of another.

3.3.2 Server Characteristics

There are many factors that affect the performance characteristics of a server.
These factors are CPU type, operating system, memory, caches, disks and other peripher-
als, and bus speed. These factors will not be analyzed in any detail since all the processing
elements are homogenous in this study and their performance will be held constant. For
detailed information about system performance, see Hennessy and Patterson (1990) or
similar text.

There are however three factors that can affect the system performance as per-
ceived by the client. These factors are the number of simultaneous connections that a
server can service, the request queue, and the sizes of the files that are requested.

The number of connections can affect queue lengths and the amount of time a

request may wait in the queue. In this study it is assumed that network link has enough
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capacity to handle the maximum throughput of all the connections. It is also assumed that
the maximum throughput for each connection is bounded by the throughput of the client
link, which is considered the bottleneck link. The maximum queue length is assumed to
be infinite, but in this study it will never be longer than the maximum number of clients,
since each client will make at most one request at time. Intuitively, the more connections
that are available the shorter the average queue length and therefore the shorter the queue
wait times will be.

File size distributions significantly impact the performance of the Internet. Most
of the files requested are less than 10 kilobytes in size, and many are less than 1 kilobyte.
There are however a small percentage of the files served that are very large in size. These
large files can significantly impact system performance This leads to two different distri-
butions, a distribution for files less than 10 kilobytes in size called the body and a distribu-
tion for files greater than 10 kilobytes, which represents the tail of the distribution. The
body of the distribution is best modeled with a lognormal statistical distribution and the
tail of the distributions is modeled with a Pareto distribution. The determination of the

distributions and the associated research will be discussed in detail in Section 3.4.

3.3.3 Network Characteristics

This section will discuss the issues related to the performance and quality of ser-
vice that is perceived in the Internet and network topology in general. Because of the
complexities and numerous issues that affect the performance of the Internet, this research
will not attempt to model these characteristics. For the purposes of simulations the net-

work topology and performance characteristics will be held constant, between the client
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and server. This may not be a realistic assumption but for the purposes of evaluation the
performance of the load balancing algorithms, it is sufficient. The remainder of this sec-
tion will address the issues that need to be considered when modeling Internet traffic.

When modeling a network, the relationship of the network components and the
topology needs to be considered. The components of a network basically include bridges
and routers, and the links that connects them.

When a request is made, it must traverse a path, which consists of a number of
links and routers to reach its destination. Once a request reaches its destination, a
response must traverse a path (not necessarily the same path as the request) back to the
requesting client. This asymmetry can have an adverse affect on the response time a client
receives. Each link can have a different capacity than the others along the path. The link
with the smallest total capacity is considered the bottleneck link. Even more critical than
the capacity of the bottleneck link is the link with the smallest available capacity. The link
with the largest total capacity may be handling so many packets that its available capacity
is less than the available capacity of the smallest link, therefore making it the bottleneck
link.

The bridges and routers can affect response times when they are busy. Two factors
can affect their performance, effective throughput and buffer space. If a bridge or router is
receiving packets faster than it can deliver them on another link, the packets must waitin a
buffer until they can be delivered. The time in the queue is added to the over all latency of
the response time. Even worse, the buffer may become full and it will ignore any incom-
ing packets until there is room available in the buffers. This will cause even longer delays

because the sender will eventually have to retransmit the packet. Also, large transmission
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latencies can also cause the sender to assume that packets are lost if the acknowledge-
ments are not received before some timeout. The server’s response to timeouts is to
resend the packets, resulting in duplicating the packet already sent and causing unneces-

sary traffic in the network.

3.4 Model Data and Distributions

This section will describe the analytical models and the associated distributions
that are used for simulating Internet traffic. Two groups of workload models will be
looked at, the client models and the server models. As mentioned in the previous section a
model of network topology was not developed for this simulator. All factors associated

with the characteristics are assumed to be constant.

3.4.1 Client Workload Models

Four analytical models are required to model the characteristics of client work-
loads. The characteristics that are modeled are sleep time, inactive off time, active off
time and the number of embedded references in a HTTP request. A description of the
characteristics and the mathematical model to generate the appropriate workload for each

characteristic are described in the following sections.

3.4.1.1 Sleep Time
One of the factors in modeling network traffic is modeling the total hourly request
rates made by all the clients. During each hour of the day the request rates per hour vary

from low rates during the early morning hours, and the busy hours, which typically occurs
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at midday. Sometimes you will see a two-humped curve representing two peak busy peri-
ods that can occur during the day. The first busy period is late morning and the other busy
period is early afternoon. Figure 1 shows a typical distribution of the request rates per
hour that were approximated from the following papers. The Internet distribution is
approximated from data in Arlitt and Williamson (1997) and the Telnet distribution is

approximated from Paxson and Floyd (1995).

Hourly Request Rates

—e— Internet

—m— Telnet

Percent Total Requests
£ (2] [e0]
i %

Hour

Figure 1: Hourly Request Rates

Client sleep time is the time when the client is not making any requests on the net-
work. The characterization of client sleep time is done by defining when a client is awake
and when it is asleep.

Using the data from the Internet distribution in Figure 1, a model that varies the
request rate per hour can be made by changing the number of clients making requests.
The percent total ranges from a low of 2% to a high of almost 8%. An easy way to model
this distribution is to assume that each 1% of the total request rate is approximately one
client process. Therefore it is assumed that for each set of eight clients, the distribution is
fairly modeled by the number of clients equal to the percent total per hour. For example

at Hour 0, approximately 3% of the total Internet requests are made, which can therefore
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be represented by three clients. Approximately 7-8% of the total requests are made at

Hour 14 therefore eight clients can be used to generate requests for that hour.

3.4.1.2 Inactive Off Time

Inactive off time is the time that occurs between requests. This is also referred to
as client think time. Using the research from Barford and Crovella (1997) they concluded
that inactive off times are modeled best with a Pareto Distribution with a shape parameter

of 1.5 and a lower bound of 1.0. The inactive off time distribution is shown in Figure 2.
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Figure 2: Inactive Off Time Distribution

3.4.1.3 Active Off Time

Active off time is the time that occurs between each embedded reference inside a
HTTP request. This is the time between the completion time of the last object received
and the time the client starts receiving the next object. Using the research from Barford
and Crovella (1997) they concluded that active off times are modeled best with a Weibull
distribution with a scale parameter of 1.46 and a shape parameter of 0.382. The active off

time distribution is shown in Figure 3.
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3.4.1.4 Embedded References

When an HTTP request is made, the document requested may have one or more
references to other objects. The references to theses objects are called embedded refer-
ences. Barford and Crovella (1997) concluded that number of embedded references in

each HTTP request is modeled with a Pareto distribution a shape parameter of 2.43 and a

Figure 3: Active Off Time Distribution

lower bound of 1.0. The distribution is shown in Figure 4.
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Figure 4: Distribution for the Number of Embedded References
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3.4.2 Server Workload Models

Server workloads are characterized by the distribution of the files that are
requested by the client. Analyzing the data on file sizes show that the majority of the files
requested from Web servers are less than 10,000 bytes and a large proportion of those are
less than 1,000 bytes. Table 1 shows the file size frequency distributions from various
studies. Specweb99 (1999) collected empirical data by analyzing the log files from
selected popular web servers at NCSA, HP, HAL Computers and a Comics Web site. Arlitt
and Williamson (1997) collected empirical data from university web servers at University
of Waterloo, University of Calgary, and University of Saskatchewan, and from NASA,
ClarkNet and NCSA. Cunha, Bestavros, and Crovella (1995) and Crovella, Frangioso and

Harchol-Balter (1999) collected empirical data from web servers at Boston University.

Specweb99 Avrlitt, Cunha, Crovella,
File Size (1999) Williamson Bestavros, Frangioso,
(21997) Crovella Harchol-Bal-
(1995) ter (1999)
<1KB 35% 62% 23%
1-10 KB 50% 76% 31% 70%
10 - 100 KB 14% 23% 6 6%
> 100 KB 1% <1% 1% 1%

Table 1: File Size Distribution

Table 1 fails to show the impact of files sizes greater than 100 kilobytes. In Arlitt
and Williamson (1997), even though file sizes of greater than 100 kilobytes accounted for
less than 1 percent of the total requests in their measurements, those files accounted for 11

percent of the total bytes transferred. Similar observations were also made in Paxson and
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Floyd (1995), Cunha, Bestavros, and Crovella (1995), Barford and Crovella (1997), and
Crovella, Frangiosa and Harchol-Balter (1999).

In modeling the distribution of file sizes, the distribution was broken into two dis-
tinct pieces, the body and the tail. Using the results from Barford and Crovella (1997),
and Crovella, Frangiosa and Harchol-Balter (1999) the distribution body includes approx-
imately 93 percent of all the distribution with file sizes less than 10 kilobytes. This part of
the distribution is modeled with a lognormal distribution. The tail contains the remaining
7 percent of the total distribution with file sizes greater than 10 kilobytes. This part of the
distribution is modeled with a Pareto distribution. The two distributions are discussed in

more detail in the next two sections.

3.4.2.1 File Size Distribution - Body
The research from Barford and Crovella (1997) concluded that the body of the dis-
tribution represents the files less than 133 kilobytes. Later, Crovella, Frangiosa and Har-

chol-Balter (1999) concluded that the body of the distribution represents the files less than
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9,020 bytes. Both studies found that the file size distribution of the body is best modeled
with a lognormal distribution. Using the results from the more recent study the file size

distribution body is shown in Figure 5.

3.4.2.2 File Size Distribution — Tail

Barford and Crovella (1997) concluded that the files which are larger than 133
kilobytes represent the tail of the distribution. Later, Crovella, Frangiosa and Harchol-
Balter (1999) concluded that the files that are larger than 9,020 bytes represent the tail of
the distribution. The distribution is represented with a Pareto distribution with a scaling
factor of 1.0 and lower bound of 9,020. Figure 6 displays the distribution for the tail of the

file size.

File Size Distribution - Tail
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Figure 6: File Size Distribution - Tall

3.5 Self-similarity
In the preceding sections, analytical models were developed to characterize work-
loads from empirical studies that are statistically self-similar. This section covers the

basic concepts of statistical self-similarity.
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Self-similarity can be best described with the concept of fractals. Fractals have the
characteristics of looking the same regardless of the size scale that the fractal is being
viewed. The empirical studies done on Internet traffic has concluded that the variation in
traffic characteristics shows the same behavior regardless of the time scale that the data is
viewed. The variation of the traffic workloads is cause by the bursty behavior of request
inter-arrival times, variation of file sizes, file caching, and network performance problems
related to congestion and bottleneck bandwidth. The burstiness looks the same over vary-
ing time scales and it has no natural length of time. In fact the variation may be infinite.

Statistically, self-similarity has three properties, long range dependence, slowly
decaying variance, and it is defined by a power law. A process has long range dependence
if its autocorrelation function(k) is non-summable, that iEr(k) = o . Aslowly decaying
variance implies that the variance of the sample mean decreases more slowly than the
reciprocal of the sample size.

For detailed information on the self-similarity found in network traffic, see Leland,
Taqgqu, Willinger and Wilson (1994), Paxson and Floyd (1995), Crovella and Bestavros
(1995), Park, Kim and Crovella (1996, 1997), Willinger, Taqqu, Sherman and Wilson
(1997). In Chapter 4 there is verification of self-similarity generated by the system simu-

lator.



CHAPTER IV

NETWORK SIMULATOR

The network simulator designed for this thesis is implemented using a simple
model to test the algorithms being researched. The main focus of this thesis is to research
methods of estimating server workloads and not primarily bottleneck analysis. Therefore
the simulator has been designed for this purpose. Assuming that bottlenecks occur some-
where within the network topology, the network topology is generalized by considering
that all throughput is constant. Therefore, the simulator has been simplified to include all
network delays within the server response time calculations.

The model in the simulator consists of four main entities, a client, a server, a load
balancing manager and a request. The entities interact with each other in the following
manner. The clients make periodic requests for documents of unknown sizes and wait for
a response to each request. Each request is submitted to the client’s load balancing man-
ager for selection of a server. Then the client’s load balancing manager selects the server
that will be used to process the request and forwards the request to the selected server.
When the server receives the request it is placed into a queue (First Come First Served).
The request waits in the queue until a client connection becomes available. When a con-
nection is available the server processes the request at the head of the queue and sends the

request to the requesting client.
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There are two different classes of entities in the simulator, simulation entities and
simulator entities. The simulation entities are the entities that are being modeled for this
study. The simulator entities are the entities that allow the simulator to function and pro-
vide the actions on the simulation entities. A detailed description of each entity is pro-

vided in the following sections.

4.1 Simulation Entities
This section describes the entities that are modeled in the simulator and the entity
attributes. The entities that are modeled are the client, server, load balance manager and

request. A description of each entity is in the following sections.

4.1.1 Clients

The client entity makes periodic requests for an object from a group of replicated
servers. The client has the following primary attributes, a unique identifier, the client’'s
load balancing manager, and the current request. The client also has the following statisti-
cal attributes, the total request count, the total execution time of all the requests and the
total number of bytes transferred. Finally the client has attributes that affect its workload
characterization, these attribute are wakeup time, sleep time, and a uniform random num-
ber generator. The client request rate was discussed in the previous chapter on Network

Traffic Modeling.
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4.1.2 Load Balance Managers

The load balance manager selects a server for processing a client request. The load
balance manager has the following attributes for tracking the selections it makes. The
load balance manager attributes are a unique identifier, a server count (the total number of
servers the load balance manager can select from) and an array that stores the current
number of request submitted to each server. The load balance manager selects a server
for processing request based upon an algorithm that is chosen for the manager to use. The

algorithms are discussed later in this chapter.

4.1.3 Servers

Servers have the following primary attributes, a unique identifier, a request count,
the maximum client connection count, the processor phwee connection bandwidth, a
request queue and a table for storing the file sizes of the distribution body.

The request queue is a First Come First Served queue for placing incoming
requests. The requests wait for service in the queue until they reach the head of the queue
and a client connection becomes available. When a connection becomes available, the
server removes the request at the head of the queue and processes the request. When the
server first receives a request, it selects a file size for the request. The file sizes are stored
in a table of file size distributions used for determining the request size. This table is prob-
ability distribution of potential file sizes and the distribution was discussed in detail in the

last chapter on Network Traffic Modeling. The server also keeps a set of statistical

1. Processor power was designed into the system to provide for a means to vary the performance
of each processor relative to each other. In the experiments in this thesis the servers, are all identi-
cally replicated, therefore the value was set to 1.
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attributes for tracking the total number of requests processed, the total bytes transferred

and queue statistics (wait time, and queue length).

4.1.4 Requests

The request entity contains the following attributes, a unique identifier, the request-
ing client, the assigned server, the request size, the request time, the server receive time,
the server start time and the server complete time. With these time stamps, the response
time, queue wait time and execution time can be calculated for each request.

Each request proceeds through a series of events where state of the each entity in
the system is changed appropriately as each event occurs. The event types that occur on
each request arBlew RequestRequest ServerDocument RequestDocument Send
andDocument Done

The first event for a request idNew Requeskvent. An idle client will create this
event with the event time base on when the next client request interval will occur. The cli-
ent request interval is determined by the inactive off time or client think time models.
When theNew Requestkvent occurs, Request Serverevent is scheduled by placing the
event back into the event queue at the current event timeRddweest Serverevent is
executed by requesting the client’s load balancing manager to select a server. Once a
server is selected,ocument Requesevent is scheduled at the current event time. The
Document Requeskvent places the request into the selected server’s request queue. If
the server is idle (a connection is available), thdhogument Sendevent is immediately
scheduled at the current time plus a delay time based upon the server workload, or else the

request will wait in the server queue until the server execudesament Doneevent.
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TheDocument Doneevent updates the client statistics and the server statistics and if the
server request queue has a request waiting at the head of the queue, then it will remove the
request and scheduledDmcument Sendevent for that request. Figure 7 shows the states a

single event flows through.

— Client

l NEW_REQUEST

Event Queue

l REQUEST_SERVER

Load Balance Manager

l DOCUMENT_REQUEST

Server

l DOCUMENT_SENT

Server

DOCUMENT_DONE

Figure 7: Request Event Types

4.2 Simulator Entities

The simulator also contains the following entities, a system clock, an event, and an

event queue.
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The simulator is a discrete event simulator, which uses an event scan time manage-
ment technique. The simulator has a system clock which keeps the current time, an event
object that schedules and executes events, and an event queue. The entities and their

attributes are discussed in the following sections.

4.2.1 System Clock

The system clock maintains the current time of the system. It has one attribute, the
current system time and two methods, a method to set the system time and a method to
return the system time. As previously mentioned the simulator uses an event scan tech-
nigue, which is an optimistic technique for advancing the system time. This is done by
analyzing the event time for all the events in the event queue and advancing the time of the
system clock to the minimum event time of all the events analyzed. Since the event queue
is a priority queue, this is the event at the head of the queue. If the event time of next event
to be executed is less than the current system time then an error occurred because the sim-

ulator is not designed to do rollbacks.

4.2.2 Events

An event causes some action to occur on the simulation entities. When an event is
executed, it causes the system state to change by updating the state of the entities that are
being acted upon. Events have the following attributes: the event time, the event type,
sender, receiver, and a request.

The event time is the system time that an event will occur. The time may be at the

current time or at some time in the future. The event type is the one of the five types



38

already discussed in the section on requests. The sender and receiver are the unique iden-
tifiers that represent a client, server or load balance manager depending upon the context

of the event type. The request is a client request that is in some state based upon event

type.

4.2.3 Event Queue
The event queue is a priority queue that inserts new events based on the time that
the new event is to occur. If the queue already has an event scheduled for that event time,

then each new event is scheduled first come first serve for that specific event time.

4.3 Algorithms

The simulator is designed to exercise the effective performance of five different
algorithms that distribute the workload among a set of processors. The workload is gener-
ated using the synthetic models discussed in Chapter 3 and the simulations generate statis-
tics on each algorithm.

The algorithms are separated into two types, stateless and state-based.

4.3.1 Stateless Server Selection
The stateless algorithms select a processing element with out any knowledge or
consideration of the system state, or the workload of the selected processing element.

There are two algorithms that are studied, round robin and random.
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4.3.1.1 Round Robin Server Selection

The first algorithm is a round robin method. This method selects a server in linear
order from a list of servers. When the end of the list is reached, it starts over at the first
server in the list. This is similar to Round Robin DNS, see Emery (2000) for a study using

this method.

4.3.1.2 Random Server Selection
The second method selects a server randomly using a uniform pseudo-random
variable. The random variable is modulated with the number of servers, which selects a

server identifier within the range of all the servers.

4.3.2 State-based Server Selection

The next set of algorithms select a processing element based upon its knowledge of
the system state. This knowledge may be global or local. The age of the knowledge may
also vary. Global knowledge of the system state implies that the algorithm considers the
state of the whole system when selecting a processing element. Local knowledge of the
system state is more limited. It implies the algorithm considers a subset of the system
state when selecting a processing element.

There are three algorithms studied in this thesis, greedy, random subset, and a sto-

chastic method.
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4.3.2.1 Greedy Server Selection

Greedy server selection implies that the processing element with the lightest work-
load is selected. This would include not only server performance but also the best network
path. Intuitively, this is obviously the most preferred method to use for selecting a proces-
sor, however for the algorithm to select the best possible processor implies it must make a
choice based upon the state of the whole system at the time the selection decision is being
made. This may not be possible.

The algorithm chooses a server by scanning the complete server list for the server
with the lowest workload. Ties favor the server that is positioned closer to the beginning
of the list. For example when the simulation selects the first server to use, it will use the
server at the beginning of the list, and the next selection will select the second server in the
list if the first server is still busy, and so forth, until the system reaches its full operating
level. As each request is serviced and completed by the servers, the workload of each

server is adjusted accordingly.

4.3.2.2 Random Subset Server Selection

Selecting a server with a random subset is a form of greedy algorithm. First the
algorithm selects two or more servers randomly from the list of servers and then it selects
the server with the lowest workload from the servers selected. Unlike the random selec-
tion technique discussed in the previous section that was stateless, this technique requires
that the workload of each server be known in order to be able to select the best performer

of the randomly chosen candidates. Mitzenmacher (1997) and Dahlin (1998) both con-
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cluded that this method performs well over a large range of systems. For the simulations

in this study, a subset of two servers is chosen

4.3.2.3 Stochastic Server Selection

A stochastic selection process selects a server based on a probability that the
selected server has an expected load lighter than the expected load of the other servers in
the system based upon the current distribution of server workloads. The lighter the server
workload the higher the probability that the server will be chosen. All servers have a
chance of being selected. The purpose in attempting to predict server loads is to minimize
the network and server overhead by probing servers or having the servers send messages
to load balance agents, or having load balancing agents sending data between other load
balancing agents. The load balancing agents will at sometime need to receive data regard-
ing the behavior of the servers it is responsible for selecting, but the overhead will be

much lower.

4.4 Model Validation and Verification

The simulator model is validated with the comparison of the output data of the
simulator program and the mathematical model. This section will discuss the verification
of the distributions for file size, request inter-arrival rate and a section that provides proof

that the simulator generates statistically self-similar workloads.
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4.4.1 File Size Distributions

Figure 8 shows the verification of the file size distribution for the distribution body.
The verification was done from an output file with 3,295,407 requests. A Chi-squared ver-
ification yielded a result of less than 0.001, proving that simulation model is generating
the expected distribution. The result of the Chi-squared test is small because the data is
generated with the lognormal distribution used as a data model. This is more a validation
of the Uniform random number generator than the model, since the model is solely depen-

dent upon the uniform distribution of random variables generating the distribution values.

File Distribution - Body
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Figure 8: Verification of the Body of the File Size Distribution

Verification of the tail of the file distribution is shown in Figure 9. The Chi-
squared test result is less than 0.001 proving that simulation model is generating the
expected distribution. The small result from the Chi-squared test has the same dependen-
cies as the file size distributions for the body except that here a Pareto distribution is used.

Its accuracy also has the same dependency with the random variables generated.



43

File Size Distribution - Tail

1.0

0.8

0.6 /

il

0.2 /

0.0 I : : : :

0 20000 40000 60000 80000 100000

% Total

File Size (bytes)

Figure 9: Verification of the Tail of the File Size Distribution

4.4.2 Request Inter-arrival Rates

Four distributions were used to generate request inter-arrival rates. The distribu-
tions modeled Hourly Request Rates (client awake time), Active Off Time, Inactive Off
Time, and Embedded References. The verification of each distribution is discussed int he

following sections.

4.4.2.1 Hourly Request Rates

Figure 10 shows the Hourly Request Rate distribution with plots of the approxi-
mated values and measured values. The Chi-squared verification of the measured values
results in a value of 2.87. This value is small enough to verify that the ratio of client pro-
cesses that are awake during each hour of the simulation are resonably close enough to the

approximated data to meet the characteristics of the behavior that is being modeled.



44

4.4.2.2 Active Off Time
Figure 11 shows the distribution for Active Off Time. The Chi-squared test result
is less than 0.001 proving that the simulation model is generating the expected distribu-

tion.

4.4.2.3 Inactive Off Time
Figure 12 shows the distribution for Inactive Off Time. The Chi-squared test result

is less than 0.001 proving that simulation model is generating the expected distribution.

4.4.2.4 Number of Embedded References

Figure 13 shows the distribution for Embedded References. The Chi-squared test resultis
less than 0.001 proving that simulation model is generating the expected distribution. In
the figure, two plots are shown. One plot is the mathematical distribution and the other is
the measure output. Since the number of embedded references has to be an integer value
the distribution is skewed some because of the truncation of the random variables from

decimal values to integer values.
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Figure 13: Embedded References

4.4.3 Self-similarity

This section analyzes the system workloads generated by the simulator for statisti-
cal self-similarity. The easiest method for verifying self-similarity is by visual inspection.
Figure 14 shows the request rate for four different time scales, 1 second, 10 seconds, 100
seconds and 1000 seconds. By observation, each plot exhibits the high variability
expected for each time scale, which indicates that the simulator is generating workloads
that are self-similar.

There are several statistical methods for determining the level of self-similarity of
a distribution. These methods are the variance-time plot, the rescaled range (R/S) plot, the
periodogram, and the Whittle estimator. The first three methods are graphical plots for
showing the degree of self-similarity. See Leland, Tagqu, Willinger and Wilson (1994),
Paxson and Floyd (1995), Crovella and Bestavros (1995), and Park, Kim and Crovella

(1996) for examples of these methods.
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The variance-time plot calculates the degree of self-similarity by comparing the
slope of the data to the slop of 1/M, where M is the scale being analyzed. If the slope of
the plot is greater than —1 then the data is considered to have self-similar characteristics.
A parameter call the Hurst parameter is calculated from the slope of the plét with-

B/Z, wheref3 represents the slope of the plot. The data series is considered self-similar
when 1/2 <H < 1. As H - 1, the degree of self-similarity and long-range dependence
increases.

In Figure 15, the data series for the simulated data is plotted using variance-time
plot. The plot has a slope -0.61, and the resulting valud fo0.7. Therefore it can be

concluded that the experimental data is self-similar.
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CHAPTER V

EXPERIMENTAL DESIGN

This chapter will describe the experimental design. The experimental design is
concerned with identifying the main factors that need to be imputed into the simulations
and the different levels that each factor should characterize. These issues are discussed in

the following sections.

5.1 Experimental Factors

The factors that were identified in the experimental design for the simulation
experiments for evaluating the algorithms in this thesis are listed here:

1. The number of clients

2. The number of load balance managers.

3. The number of servers.

4. The number of client connections for each server.

5.2 Factor Values
The four factors can multiply into a large number of experiments. Initially the

design considered a configuration of five clients, three load balance managers, three serv-

1. Barford and Crovella (1997) use the term User Equivalents, which roughly corresponds to the
workload created by a population of a known number of users. Each User Equivalent, which repre-
sents a population of users, as an ON/OFF process that makes requests and then is idle for some
period of time.
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ers and two connections. This will require the analysis of 90 experiments for each of the
five algorithms for a total of 450 experiments. However it was discovered that two addi-
tional client configurations would be useful, since the experimental data showed that some
of the algorithms performed better at higher loads that it did a low loads. So, additional
experiments were performed to find the intersection of the algorithms. This resulted in the
performance of 126 experiments for each algorithm for a total of 630 experiments.

Finally, a set of adversarial experiments was performed with combinations of random
stateless load balance manager working with the three state-base algorithms using only the
two configurations with eight servers. This required the performance of an additional 280
experiments.

The experiments that were chosen were more as a matter of personal choice for
comparing the performance of the various algorithms, as opposed to attempting to achieve
any particular result. Also, there is a huge array of combinations that can be performed;
therefore, a representative set of experiments were performed to satisfy the goals of this
thesis.

Client workloads were varied with seven different workloads. The workloads were
modeled with 8, 16, 32, 64, 128, 256 and 512 clients generating requests for files.

The servers were configured in combinations of 2, 4, or 8 servers processing
requests for the clients. The server configurations were also configured with 1 and 4
simultaneous connections. The configuration with one connection is intended to cause
server bottlenecks for collecting a baseline set of performance data. The servers config-
ured with four connections are designed to avoid single connection bottlenecks but not to

have so many connections that it doesn’t force some jobs to wait in the server queues.
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Finally, the load balance managers were done in two sets of experiments. The first
set of experiments had the same type of load balance manager in configurations 1, 2 and 4.
This allowed for the analysis of the load balance managers with global versus local system
state information. The second set of experiments included adversarial combinations of the
state-based load balance managers being tested with random placement (stateless) load
balance managers. The experiments are call adversarial because the random placement
load balance manager makes selections without regard to the system state. This makes the
environment for the state-based load balance managers less cooperative than the environ-
ment of the first set of experiments. Experiments with two and four load balance manag-
ers were done with combinations of two load balance managers consisting of one load
balance manager and one adversary, and four load balance managers, consisting of one
load balance manager with three adversaries, two load balance managers with two adver-
saries, and three load balance managers with one adversary. These experiments will allow

for the analysis of how each algorithm performs in various hostile conditions.



CHAPTER VI

SIMULATION EXPERIMENTS AND RESULTS

The simulation experiments and the results are presented here in this chapter.
First the simulation experiments will be discussed and then the final part of this chapter

will discuss the experimental result.

6.1 Simulation Experiments
Experiments were performed using the simulator by varying the factors discussed

in the previous Chapter 5. Each series of experiments is shown in the following sections.

6.1.1 Series 1 — Servers with One Client Connection
A series of experiments was performed with a single client connection per server.

- For each Load Balance Algorithm {round robin, random, greedy, subset, sto-
chastic}
- For each set of {2, 4, 8} servers with a single connection
- For each set {1, 2, 4} of load balance managers
- Run the simulation with each set {8, 16, 32, 64, 128, 256,
512} of clients

6.1.2 Series 2 - Servers with Four Client Connections

A series of experiments was performed with four client connections per server.
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- For each Load Balance Algorithm {round robin, random, greedy, subset, sto-
chastic}.
- For each set of {2, 4, 8} servers with four client connections
- For each set {1, 2, 4} of load balance managers
- Run the simulation with each set {8, 16, 32, 64, 128, 256,
512} clients.

6.1.3 Series 3 - Servers with One Client Connection and Adversaries

A series of experiments was performed with a single client connection per server
and a combination of load balance managers with configurations of random and one of the
following state-based algorithms, greedy, subset and stochastic. The ratio of state-based
managers to greedy managers is denoted as <total load balance managers, number of
adversaries>.

- For each Load Balance Algorithm {greedy, subset, stochastic}
- For each set of {2, 4, 8} servers with a single client connection
- For each set {<2.1>, <4.1>, <4.2>, <4.3>} of load balance manag-
ers
- Run the simulation with each set {8, 16, 32, 64, 128, 256,
512} of clients.

6.1.4 Series 4 - Servers with Four Client Connections and Adversaries

A series of experiments was performed with a single client connection per server and a
combination of load balance managers with configurations of random and one of the fol-

lowing state-based algorithms, greedy, subset and stochastic.



- For each Load Balance Algorithm {greedy, subset, stochastic}

- For each set of {2, 4, 8} servers with a four client connections
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- For each set {<2.1>, <4.1>, <4.2>, <4.2>} of load balance manag-

ers

- Run the simulation with each set {8, 16, 32, 64, 128, 256,

512} of clients.

6.2 Experimental Results

The initial analysis of the simulation data showed that the results of the experi-

ments between the different server configurations were very similar. The difference in

magnitude of the server utilization was inversely proportional to the magnitude of differ-

ence in the number of servers. Therefore, since the results of the experiments are so close

for each server group, only one set of the data will be presented. The data set that was

chosen is the data set for eight servers.

1 Load Balance Manager

Clients Round Robin Random Greedy Subset Stochastic
Util Resp Ut  Resp Util Resp Util Resp Ut Resp
8 0.11 2.66 0.11 2.76 0.16 0.10 0.14 0.81 0.12 2.19
16 0.17 5.72 0.16 6.03 0.31 0.27 0.24 2.01 0.19 4.10
32 0.23 11.29 0.22 11.62 0.55 1.11 0.37 455 0.31 6.86
64 0.28 2196 0.28 2225 0.80 3.80 0.51 9.61 0.46 11.42
128 0.34 4113 0.34 4134 095 1068 0.63 19.15 0.64 18.94
256 0.40 7341 040 7386 1.00 2596 0.74 37.00 0.80 33.78
512 0.48 127.40 0.47 12870 1.00 58.00 0.84 69.80 0.92 63.70
2 Load Balance Managers
Clients Round Robin Random Greedy Subset Stochastic
util Resp Ut Resp util Resp util Resp Ut Resp
8 0.11 276 0.11 276 014 094 013 128 0.11 249
16 0.17 5.83 0.16 6.03 027 108 023 242 0.18 4.74
32 0.23 1139 0.22 1162 050 176 036 493 0.28 8.08
64 0.28 22.08 0.28 2225 0.77 426 050 995 041 13.21
128 0.34 4113 0.34 4134 094 1095 0.63 1943 0.8 21.27
256 0.40 7386 040 7386 1.00 2599 074 3723 0.76 36.07
512 0.48 12750 0.47 12870 1.00 58.00 0.84 70.00 0.90 65.50
4 Load Balance Managers
Clients Round Robin Random Greedy Subset Stochastic
Util Resp Ut Resp Util Resp Utl Resp Utl Resp
8 0.11 297 0.11 276 012 207 012 191 011 2.67
16 0.16 6.05 0.16 6.03 023 262 021 318 0.17 5.40
32 0.22 11.67 0.22 1162 043 311 034 558 0.26 9.35
64 0.28 22.21 0.28 2225 071 518 048 1052 0.37 15.34
128 0.34 41.19 0.34 4134 091 1142 061 1996 0.52 24.36
256 0.40 73.46 0.40 73.86 1.00 26.09 0.73 37.74 0.70 39.36
512 0.48 127.10 0.47 128.80 1.00 58.00 084 70.30 0.86 68.70

Table 2: Experimental Results - Servers with one connection
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6.2.1 Servers with One Connection

First the data from the single connection servers will be analyzed. Table 2 shows
the experimental results for servers with one connection. Under each load balance algo-
rithm in the heading is two columns. The first column is server utilization and the second

column is the response time. Three sets of experimental data are shown. The sets
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Figure 16: Load Balance Algorithm Performance — Single Connection
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represent the experiments with one load balance manager, two load balance managers and
four load balance managers.

As mentioned earlier in the experimental design, the single connection servers
were designed to cause bottlenecks within the server causing requests to wait in the server
gueue. This was done to observe the impact of server bottlenecks on client response
times. The results of the three server configurations are shown in Figure 16. In analyzing
the data, the stateless algorithms (round robin and random) performed the worst. The two
algorithms have nearly the same performance and appear as the same line in the plots.
The greedy algorithm performed the best. This should be expected since it will always
choose the server with the lightest load. The random subset algorithm and stochastic algo-
rithm have mixed results when they are compared. Both of the algorithms performed bet-
ter that the stateless algorithms and not a well as the greedy algorithm. In lower server
workloads the random subset algorithm outperforms the stochastic algorithm, but with
higher server loads the stochastic algorithm performs better. By analyzing the plots, this
occurs between 60%-80% server utilization.

Figure 17 shows the comparison of the number of load balance managers for each
algorithm. The round robin, random, greedy and subset algorithms have almost the same
performance regardless of the number of load balance managers placing requests. The
stateless algorithms, round robin and random, do not keep track of the system state there-
fore it appears that they are not affected by lack of system state as the system adds more
load balance managers. The greedy and subset algorithm the difference between 1, 2 and
4 load balance managers is almost the same but the variation is a little greater than the

stateless techniques. The good performance by the greedy and subset algorithms is
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Figure 17: Load Balance Algorithm System Performance

probably because they attempt to select the server with the lowest load, therefore mini-
mizing the affects of local knowledge versus global knowledge as the number of load bal-
ance managers changes. The stochastic algorithm appears to be the most sensitive to
changes in the number of load balance managers, with higher variations in response time

as the number of load balance managers increase. The cause of this is because the stochas-
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tic algorithm is a combination of random and greedy selection techniques, which selects a
server based upon a probability distribution of the server workloads.

With the exception of the stochastic algorithm, the variation of each algorithm
appears to not be significant. This implies that for this set of experiments the difference in
system performance between the load balance managers having global workload knowl-
edge and local workload knowledge was very little. Intuitively, it would seem that the
more load balance managers the system has, the lower the system performance, something

that this set of experiments did not show.

1 Load Balance Manager

Clients Round RobinRandom Greedy Subset Stochastic
Util Resp Util Resp Util Resp Utll Resp Ut Resp

8 0.04 0.11 0.04 0.12 0.04 0.10 0.04 0.10 0.04 0.11

16 0.08 0.12 0.08 0.14 0.08 0.10 0.08 0.11 0.08 0.12

32 0.16 0.17 0.16 0.20 0.16 0.12 0.16 0.14 0.16 0.15

64 0.30 055 0.30 0.63 0.32 0.18 0.32 0.21 0.32 0.28

128 0.47 2.49 047 260 0.61 0.61 0.59 0.79 057 1.04

256 0.60 7.45 059 755 0.86 3.46 0.84 3.66 0.82 3.88

512 0.67 18.04 0.67 18.18 1.00 10.32 0.98 10.60 0.97 10.82

2 Load Balance Managers

Clients Round Robin Random Greedy Subset Stochastic
Util Resp  Util Resp Util Resp Util Resp Util Resp

8 0.04 0.11 0.04 0.12 0.04 0.11 0.04 0.11 0.04 0.11

16 0.08 0.13 0.08 0.14 0.08 0.12 0.08 0.12 0.08 0.13

32 0.16 0.18 0.16 0.20 0.16 0.14 0.16 0.15 0.16 0.16

64 0.30 0.57 0.30 0.63 0.32 0.20 0.32 0.24 0.32 0.31

128 0.47 250 047 260 0.61 0.64 059 0.87 057 1.11

256 0.60 7.37 0.60 7.38 0.86 3.38 0.83 3.63 0.81 3.85

512 0.68 17.61 0.67 17.84 0.99 10.12 0.97 10.47 0.96 10.67

4 Load Balance Managers

Clients Round Robin Random Greedy Subset Stochastic
Util Resp  Util Resp Util Resp Util Resp Util Resp
8 0.04 0.11 0.04 0.12 0.04 0.11 0.04 0.11 0.04 0.11

16 0.08 0.13 0.08 0.14 0.08 0.13 0.08 0.13 0.08 0.13
32 0.16 0.19 0.16 0.20 0.16 0.16 0.16 0.16 0.16 0.18
64 0.30 0.57 0.30 0.63 0.32 0.22 0.32 0.28 0.31 0.36
128 0.47 252 047 260 0.60 0.70 0.58 0.97 0.56 1.23
256 0.60 7.20 0.60 7.38 0.85 3.41 0.82 3.74 0.80 3.99
512 0.67 17.67 0.67 17.84 0.99 10.16 0.97 10.58 0.95 10.80

Table 3: Experimental Results - Servers with four connections
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6.2.2 Servers with Four Connections

Next we will look at the results for eight servers with four client connections.
Table 3 shows the experimental results for servers with four connections. Under each load
balance algorithm in the heading is two columns. The first column is server utilization and
the second column is the response time. Three sets of experimental data are shown. The
sets represent the experiments with one load balance manager, two load balance managers
and four load balance managers.

This configuration is less susceptible to server bottlenecks, which is evident by
observing the lower variation in the results. As with the single connection discipline the

round robin and random algorithms perform the same. The plots of the three state-based
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Figure 18: Load Balance Algorithm Performance - Four Connections
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algorithms are nearly parallel at all workloads. The greedy algorithm has the best perfor-
mance, next is the random subset and then the stochastic method. Figure 18 shows the
plots for each configuration.

The analysis of global and local load balance manager performance is shown in
Figure 19. The plots show very little variance for each configuration of load balance man-
agers. As with the single connection results, round robin, random, greedy and subset algo-

rithms show almost no variation at each level. The stochastic algorithms shows some
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variation in performance, but the variation appears to be insignificant. With the exception
of the stochastic algorithm the results regarding global versus local knowledge of the sys-
tem state the results are basically the same as the results of the single connection server

experiments.

Clients Greedy Subset Stochastic

No Adversary

Utii  Resp Util Resp Utii  Resp

8 0.12 2.07 0.12 1.91 0.11 2.67

16 0.23 2.62 0.21 3.18 0.17 5.40
32 0.43 3.11 0.34 5.58 0.26 9.35
64 0.71 5.18 0.48 10.52 0.37 15.34
128 0.91 11.42 0.61 19.96 0.52 24.36
256 1.00 26.09 0.73 37.74 0.70 39.36
512 1.00 58.00 0.84 70.30 0.86 67.80
1 Adversary

8 0.12 2.18 0.12 2.06 0.11 2.74

16 0.21 3.21 0.20 3.73 0.17 5.69
32 0.38 4.04 0.32 6.32 0.25 981
64 0.64 6.12 0.45 11.42 0.34 16.76
128 0.87 11.95 0.57 21.22 0.49 26.08
256 0.98 29.93 0.70 39.01 0.67 40.88
512 1.00 56.92 0.81 72.03 0.84 69.70
2 Adversaries

8 0.12 2.25 0.12 222 0.11 2.76

16 0.20 3.95 0.19 4.38 0.17 5.81
32 0.34 5.48 0.29 7.37 0.24 10.52
64 0.56 8.02 0.41 13.05 0.33 17.85
128 0.80 13.56 0.53 23.87 0.45 28.85
256 0.95 27.13 0.65 42.45 0.61 45.17
512 1.00 57.01 0.76 77.17 0.78 74.89
3 Adversaries

8 0.12 250 0.12 2.46 0.11 281

16 0.18 4.85 0.18 5.08 0.16 5.93
32 0.28 7.77 0.26 9.03 0.23 11.10
64 0.43 11.96 0.35 16.10 0.31 19.40
128 0.64 18.31 0.46 28.10 0.40 32.80
256 0.85 30.90 0.57 49.20 0.53 53.30
512 0.97 58.98 0.68 86.00 0.69 84.40

Table 4: Experimental Results - Servers with one connection
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6.2.3 Load Balancing with Adversaries

In this section we will look at the effects that adversarial load balance managers
have on system performance. Table 4 shows the experimental results for servers with one
connections. Under each load balance algorithm in the heading is two columns. The first
column is server utilization and the second column is the response time. Four sets of
experimental data are shown. The sets represent the experiments with zero to three adver-
sarial load balance managers.

In this set of simulations the three state-base algorithms are competing for servers
with one or more adversarial load balance manager. The adversary that was chosen is the
random load balancing algorithm. Both the round robin and random algorithms perform

equally making the choice based upon performance irrelevant. Therefore the random
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algorithm is chosen because it is the easiest to implement. Figure 20 shows the results for
four load balance managers, with zero to three adversaries competing for service. The
greedy algorithm shows the best performance. The subset algorithm performs better than
the stochastic algorithm at low server workloads and stochastic algorithm outperforms the
subset algorithm at high server workloads.

Figure 21 shows the plots of each algorithm based upon the algorithm’s perfor-
mance versus each level of adversary. As you can see by the plots, the number of adver-
saries significantly impacts the performance of each algorithm as the response time
increase with the addition of each adversary. But event though the adversaries have this
impact on performance all the state-based algorithms improve performance when com-
pared to the performance using only a stateless algorithm such as the plot showing the

load balance manager as all random.
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Finally, we will look at the performance of load balancing with adversaries using

servers with four client connections. Table 5 shows the experimental results for servers

with one connections. Under each load balance algorithm in the heading is two columns.

The first column is server utilization and the second column is the response time. Four

sets of experimental data are shown. The sets represent the experiments with zero to three

adversarial load balance managers.

Clients Greedy Subset

No Adversary

Util  Resp Util Resp

8 0.04 0.11 0.04 0.11
16 0.08 0.13 0.08 0.13
32 0.16 0.16 0.16 0.16
64 0.32 0.22 0.32 0.28
128 0.60 0.70 0.58 0.97
256 0.85 341 0.82 3.74
512 0.99 10.16 0.97 10.58
1 Adversary

8 0.04 0.11 0.04 0.11
16 0.08 0.13 0.08 0.13
32 0.16 0.17 0.16 0.17
64 0.31 0.27 0.31 0.32
128 0.58 0.87 0.56 1.15
256 0.84 3.55 0.80 4.02
512 0.98 10.33 0.95 10.90
2 Adversaries

8 0.04 0.11 0.04 0.11
16 0.08 0.13 0.08 0.13
32 0.16 0.17 0.16 0.18
64 0.31 0.34 0.31 0.40
128 0.56 1.18 0.53 1.47
256 0.81 3.92 0.77 4.46
512 0.96 10.73 0.91 11.51
3 Adversaries

8 0.04 0.12 0.04 0.12
16 0.08 0.13 0.08 0.13
32 0.16 0.18 0.16 0.18
64 0.31 0.44 0.30 0.47
128 052 1.72 0.51 1.86
256 0.73 4.91 0.70 5.44
512 0.90 11.71 0.84 12.90

Stochastic
Utili Resp
0.04 0.11
0.08 0.13
0.16 0.18
0.31 0.36
0.56 1.23
0.80 3.99
0.95 10.80
0.04 0.12
0.08 0.13
0.16 0.18
0.31 0.40
054 1.44
0.78 4.33
0.93 11.16
0.04 0.12
0.08 0.13
0.16 0.19
0.31 0.45
0.52 1.69
0.73 4.91
0.90 11.81
0.04 0.12
0.08 0.14
0.16 0.19
0.30 0.50
0.49 2.05
0.68 5.81
0.82 13.40

Table 5: Experimental Results - Servers with four connections
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Figures 22 and 23 show the plots comparing the performance of each algorithm.

These plots show basically the same results as the previous experiments with single server

connections.
4 LBMs - 0 Random - 8 Servers 4 LBMs - 1 Random - 8 Servers
12 12
o 10 o 10 ?
g 8 —— Greedy g 8 // —— Greedy
: 6 /// il Subset ; 6 /// i} Subset
2 4 i StOChastic 2 4 el StOChaSIC
2 2] 8 2/
0 0
[} 0 4] 0
@ 0 0.2 0.4 0.6 0.8 1 ox 0 0.2 0.4 0.6 0.8 1
Utilization Utilization
4 LBMs - 2 Random - 8 Servers 4 LBMs - 3 Random - 8 Servers
12 14
7 1
E 8 /// g Greedy g 71/ i Greedy
: 6 /// el SUDSEL : 2 el SUDSEL
2 4 iy StOChaSLIC 2 4 el StOChaSIC
S 2 9]
g g
[} 0 Q 0
x 0 0.2 0.4 0.6 0.8 1 ox 0 0.2 0.4 0.6 0.8 1
Utilization Utilization
Figure 22: Results of Adversarial Load Balancing with 4 connections.
Greedy Subset
20 20
—g— No adversaries —g— No Adversaries
g 15 * g 15 *
= / el 1 Adversary = el 1 Adversary
@ 10 e 2 AdVeErsaries [ 10 4 e 2 AdVersaries
g 5 | —3t— 3 Adversaries % 5 | —3g— 3 Adversaries
Z —fgp— All Random 3 —fi¢— All Random
[0] 0 [$) 0
o 0 0.2 0.4 0.6 0.8 1 e 0 0.2 0.4 0.6 0.8 1
Utilization Utilization
Stochastic
20
No Adversaries
2 ¥ ——
= e 1 Adversary
[ 10 e 2 AdVerSaries
g 5 | —3f— 3 Adversaries
3 gt All Random
[0 0
@ 0 0.2 0.4 0.6 0.8 1
Utilization

Figure 23: Comparison of each Load Balance Algorithm vs. Adversaries



CHAPTER VII

CONCLUSIONS

In this thesis, the subjects of Load Balancing and Internet Workload Modeling
were presented for the purpose of doing performance analysis of different load balancing
algorithms in different environments. Chapter 2 contained the important concepts related
to load balancing and the discussion of recent research in that area. In Chapter 3, the
details of modeling the characteristics of Internet traffic were discussed. These character-
istics were shown to have high statistical variability caused by request inter-arrival rates,
file size distributions, server workloads and network workloads. It was also shown that the
high variability of these characteristics are statistically self-similar. Self-similarity is a
fractal-like behavior where the high variations in workloads exist over a wide range of
time scales. Chapter 4 contained the implementation details of the workload models devel-
oped from researching this thesis. At the end of Chapter 4, the verification and validation
of these models is shown. Chapter 5 described the experimental design and Chapter 6 pro-
vided an analysis of the results.

The final conclusion in this thesis is that client response times can be reduced by
using an agent, referred to here as a load balance manager that can obtain some knowledge
of the system state for selecting processing elements to service requests. In comparison of
stateless versus state-based load balance managers, the experimental results showed up to

27 times improvement in response time can be achieved by state-based algorithms avoid-
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ing servers that are system bottlenecks over stateless algorithms. In all experiments, both
stateless algorithms, round robin and random performed the same. Therefore a random
algorithm would be the best choice to use because it should be the easiest to implement.
Comparing the state-based algorithms the greedy algorithm showed the best performance
in all cases, with the subset algorithm performing better than the stochastic algorithms at
low server utilization, and the stochastic algorithms out performing the subset algorithm at
higher server utilization. The conclusion that can be drawn here is use the greedy algo-
rithms if it is possible. The results of the experiments in this study are inconclusive for
selecting either of the subset algorithm or the stochastic algorithm over the other.

This thesis also showed how to model Internet traffic workloads that can be used
for additional research to develop algorithms and protocols to be used in the Internet and

distributed networks.
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APPENDIX

SIMULATION SOFTWARE

The simulation software is located in http://www.cs.uccs.edu/~chow/pub/master/
alblais/sim. Java JDK1.2 is needed to run the simulator. The simulator can be executed

with the following command:

java Netsim <execution time> <report time>

where execution time is the length in seconds to run the simulations, and the report time is

the time interval for reporting the progress.

Input Files
The input files that need to be configured to do a simulation run are:
Iom.dat - the load balance manager configuration
server.dat- the server configuration

client.dat - the client configuration

Load Balance Manager Configuration File

The Ibm.dat file defines the type of load balancing algorithm that is to be used for a

simulation run. Line one contains a value representing the number of load balance manag-
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ers. Each additional line contains two values with each line representing a load balance

manager. The first value is a unique identifier and the second value is the load balance dis-
cipline, either the default or a random adversary. If the second value is zero then the load
balance manager uses the default discipline, or else if it is one then the load balance man-

ager uses a random placement discipline.

Example Ibm.dat file:

WNFROM
[eNeolole]

Server Configuration File

The server.dat file defines the type of server that is used for a simulation run. The
first line contains a value for the number of servers to be configured. For each server there

is a line with a server identifier, the server power, and the number of client connections.

Example server.dat file:

WNROAM
RPRRR
RPRRR

Client Configuration File

The client.dat file contains the client information that is used for running a simula-
tion. The first line contains the number of clients. For each client a line contains four val-

ues. The first value is an unique identifier, the second value is the identifier of the client’'s
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load balance manager, the third value is the wake up time for the client, and the fourth

value is the client sleep time.

Example client.dat file:

P NNNN
ONBABRD

017
316
316

~NOoOORRWNRFRLOO®

[eNeolololololole]
P PRPPRPOO~NOO

Output Files

The simulator generates four output files and the simulation report to the standard

output. The four output files are:

clients.out- the client report interval status
servers.out- the servers report interval status
requests.out- simulation times for each complete request

event.out- unexecuted events at the end of a simulation run.

Client Output File

The client output file (clients.out) contains the client identifier, the hour of day, the
report time, the total number of request, the number of request in the last interval, the total

number bytes received, the current number of byte received in the last interval, the average
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response time for the simulation, and the average response time during the current report
interval.

Example clients.out file:

3600 195 195 1204191 12041916175 13.2028 13.2028
3600 175 175 658064 658064 3760 15.7474 15.7474
3600 173 173 1006875 10068755820 13.8675 13.8675
3600 174 174 744408 744408 4278 15.4982 15.4982
3600 158 158 695964 695964 4404 17.0347 17.0347
3600 166 166 801411 801411 4827 16.5923 16.5923
3600 155 155 1028942 1028942 6638 13.6916 13.6916
3600 169 169 641773 641773 3797 15.2645 15.2645

~NOUIRWNERO
RPRRRRRRER

Server Output File

The server output file (servers.out) contains the server identifier, the hour of day,
report time, the total number of requests received, the number of requests received during
the last report interval, the total kilobytes transferred, the total kilobyte transferred during
the last report interval, average queue length for the simulation, the average queue length
for the last report interval, the total average utilization, and the utilization for the last

report interval.

Example servers.out file:

0 1 3600 674 674 2,873 2,873 0 0.0000 0.1996 0.1996
1 1 3600 612 612 3,651 3,651 O 0.0000 0.2536 0.2536

Requests Output File

The request output file (requests.out) contain the following information for com-
pleted requests. The client identifier, the request number, the server identifier, the request
time, the server receive time, the server start time, the complete time and the request file

size.
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Example requests.out file:

28 28 O 1003 1003 1103 1692 2824
21 21 O 1035 1035 1792 2284 2425
20 20 O 1048 1048 2384 2517 953

13 13 1 1016 1016 1116 2525 6182

Event Output File

The event output file (event.out) contains the event time, the event type, the request

number, the sender identifier, and the receiver identifier.

Example event.out file:

Event Time: 3000 Type: DOCUMENT_DONE Request: 3295 Client: 84 Server: 0
Event Time: 3005 Type: DOCUMENT_DONE Request: 3294 Client: 53 Server: 1

Program Files

The program files are listed below.

-rw-r--r-- 1 blais 8568 Mar 29 10:35 Client.java

-rw-r--r-- 1 blais 789 Feb 8 10:03 Clock.java

-rw-r--r-- 1 blais 1485 Feb 8 13:09 Event.java

-r--r--r-- 1 blais 2258 Sep 29 1999 List.java

-r--r--r-- 1 blais 615 Sep 29 1999 ListNode.java

-rw-r--r-- 1 blais 17910 Mar 29 07:27 Netsim.java

-rw-r--r-- 1 blais 439 Nov 4 10:01 Pareto.java

-rw-r--r-- 1 blais 2578 Jan 4 10:36 Queue.java

-rw-r--r-- 1 blais 3355 Feb 21 08:58 Request.java
-rw-r--r-- 1 blais 17531 Feb 25 08:35 Server.java

-FW-r--r-- 1 blais 589 Nov 4 11:22 Weibull.java
-rw-r--r-- 1 blais 1335 Mar 29 09:09 LoadBalanceManager.java

The main program file illetsim.java , this is the file that executes simulation
events. Netsim.java uses two other files for running the simulati@hgck.java

andEvent.java. TheClock.java file is the simulation clock and the
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Event.java file contains the data structures for executing the next event stored in that
object.

The simulation objects have their data structures defin€tant.java ,
Server.java , LoadBalanceManager.java andRequest.java

The workload distributions are generated Vvigtireto.java , and
Weibull.java

Program utilities are implementedlirst.java , ListNode.java , and

Queue.java
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Simulation Model Verification

The verification data of the simulation models is listed in the following sections for
the distributions representing file size body and tail, hourly request rate, active off time,

inactive off time and embedded references

File Size Distribution Body

File Size Distribution (body) Chi Squared verification of simulation output.

Column 1: file size.

Column 2: total count of each file size by the simulator
Column 3: the percent total of all files generated

Column 4: cumulative total of the percentages in column 3
Column 5: expected cumulative percentage

Column 6: Chi Squared calculation of the cumulative total

Column 7: Chi Squared calculation of probability of each file size (0.001)

File Expected

Size Count Pct Total Cumulative Pct. Chi Sq.(cdf) Chi Sq (pdf)

92 3335 0.001012015 0.0010217251  0.001 0.0000004720  0.0000001444
114 3275 0.000993807 0.0020155325  0.002 0.0000001206  0.0000000383
131 3278 0.000994718 0.0030102503  0.003  0.0000000350  0.0000000279
144 3310 0.001004428 0.0040146786  0.004 0.0000000539  0.0000000196
155 3315 0.001005946 0.0050206242  0.005 0.0000000851  0.0000000353
166 3292 0.000998966 0.0060195903  0.006 0.0000000640  0.0000000011
175 3306 0.001003214 0.0070228048  0.007 0.0000000743  0.0000000103
184 3407 0.001033863 0.0080566680  0.008 0.0000004014  0.0000011467
192 3331 0.001010801 0.0090674688  0.009 0.0000005058  0.0000001167
200 3350 0.001016566 0.0100840351  0.01 0.0000007062  0.0000002744
207 3208 0.000973476 0.0110575113  0.011 0.0000003007  0.0000007035
214 3327 0.001009587 0.0120670982  0.012 0.0000003752  0.0000000919
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227
234
240
246
251
257
263
268
273
278
283
288
293
298
303
308
312
317
321
326
330
335
339
343
348
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360
364
368
372
376
380
384
388
392
396
400
403
407
411
415
419
422
426
430
433
437
441
444
448
451
455
458
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465
469
472
476
479
483
486
490
493
497
500
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517
520
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530
534
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3282
3331
3275
3324
3222
3348
3300
3282
3397
3351
3256
3343
3279
3389
3274
3267
3294
3339
3326
3225
3245
3332
3234
3362
3299
3311
3285
3344
3293
3317
3394
3285
3327
3252
3301
3271
3284
3317
3267
3251
3353
3243
3296
3314
3277
3172
3273
3294
3215
3364
3267
3271
3397
3329
3320
3322
3361
3341
3355
3298
3345
3210
3286
3265
3245
3331
3354
3325
3362
3222
3235
3273
3249
3252
3302
3381
3322
3274

0.000995932
0.001010801
0.000993807
0.001008677
0.000977724
0.001015959
0.001001394
0.000995932
0.001030829
0.00101687
0.000988042
0.001014442
0.000995021
0.001028401
0.000993504
0.00099138
0.000999573
0.001013228
0.001009284
0.000978635
0.000984704
0.001011104
0.000981366
0.001020208
0.00100109
0.001004732
0.000996842
0.001014746
0.00099927
0.001006552
0.001029918
0.000996842
0.001009587
0.000986828
0.001001697
0.000992594
0.000996539
0.001006552
0.00099138
0.000986525
0.001017477
0.000984097
0.00100018
0.001005642
0.000994414
0.000962552
0.000993201
0.000999573
0.0009756
0.001020815
0.00099138
0.000992594
0.001030829
0.001010194
0.001007463
0.00100807
0.001019904
0.001013835
0.001018084
0.001000787
0.001015049
0.000974083
0.000997145
0.000990773
0.000984704
0.001010801
0.00101778
0.00100898
0.001020208
0.000977724
0.000981669
0.000993201
0.000985918
0.000986828
0.001002001
0.001025973
0.00100807
0.000993504

0.0130630298
0.0140738306
0.0150676381
0.0160763147
0.0170540392
0.0180699986
0.0190713924
0.0200673240
0.0210981527
0.0221150225
0.0231030644
0.0241175066
0.0251125278
0.0261409289
0.0271344329
0.0281258127
0.0291253857
0.0301386141
0.0311478977
0.0321265325
0.0331112363
0.0341223406
0.0351037065
0.0361239143
0.0371250046
0.0381297363
0.0391265783
0.0401413240
0.0411405936
0.0421471460
0.0431770643
0.0441739063
0.0451834933
0.0461703213
0.0471720185
0.0481646121
0.0491611507
0.0501677031
0.0511590829
0.0521456075
0.0531630843
0.0541471812
0.0551473612
0.0561530033
0.0571474176
0.0581099694
0.0591031700
0.0601027430
0.0610783433
0.0620991580
0.0630905378
0.0640831315
0.0651139601
0.0661241540
0.0671316168
0.0681396865
0.0691595909
0.0701734262
0.0711915099
0.0721922967
0.0732073459
0.0741814289
0.0751785743
0.0761693472
0.0771540511
0.0781648519
0.0791826321
0.0801916121
0.0812118200
0.0821895444
0.0831712138
0.0841644143
0.0851503320
0.0861371600
0.0871391607
0.0881651341
0.0891732038
0.0901667078

0.013
0.014
0.015
0.016
0.017
0.018
0.019
0.02

0.021
0.022
0.023
0.024
0.025
0.026
0.027
0.028
0.029
0.03

0.031
0.032
0.033
0.034
0.035
0.036
0.037
0.038
0.039
0.04

0.041
0.042
0.043
0.044
0.045
0.046
0.047
0.048
0.049
0.05

0.051
0.052
0.053
0.054
0.055
0.056
0.057
0.058
0.059
0.06

0.061
0.062
0.063
0.064
0.065
0.066
0.067
0.068
0.069
0.07

0.071
0.072
0.073
0.074
0.075
0.076
0.077
0.078
0.079
0.08

0.081
0.082
0.083
0.084
0.085
0.086
0.087
0.088
0.089
0.09

0.0000003056
0.0000003894
0.0000003050
0.0000003640
0.0000001718
0.0000002722
0.0000002683
0.0000002266
0.0000004588
0.0000006014
0.0000004618
0.0000005753
0.0000005065
0.0000007639
0.0000006693
0.0000005653
0.0000005421
0.0000006405
0.0000007056
0.0000005003
0.0000003750
0.0000004402
0.0000003073
0.0000004265
0.0000004223
0.0000004429
0.0000004108
0.0000004993
0.0000004821
0.0000005155
0.0000007291
0.0000006873
0.0000007482
0.0000006306
0.0000006296
0.0000005645
0.0000005300
0.0000005625
0.0000004962
0.0000004077
0.0000005018
0.0000004012
0.0000003948
0.0000004180
0.0000003813
0.0000002085
0.0000001804
0.0000001759
0.0000001006
0.0000001586
0.0000001301
0.0000001080
0.0000001998
0.0000002335
0.0000002586
0.0000002869
0.0000003691
0.0000004297
0.0000005166
0.0000005136
0.0000005889
0.0000004448
0.0000004252
0.0000003773
0.0000003082
0.0000003484
0.0000004222
0.0000004589
0.0000005539
0.0000004381
0.0000003532
0.0000003218
0.0000002659
0.0000002188
0.0000002226
0.0000003099
0.0000003371
0.0000003088

0.0000000166
0.0000001167
0.0000000383
0.0000000753
0.0000004962
0.0000002547
0.0000000019
0.0000000166
0.0000009504
0.0000002846
0.0000001430
0.0000002086
0.0000000248
0.0000008066
0.0000000422
0.0000000743
0.0000000002
0.0000001750
0.0000000862
0.0000004565
0.0000002340
0.0000001233
0.0000003472
0.0000004084
0.0000000012
0.0000000224
0.0000000100
0.0000002174
0.0000000005
0.0000000429
0.0000008951
0.0000000100
0.0000000919
0.0000001735
0.0000000029
0.0000000549
0.0000000120
0.0000000429
0.0000000743
0.0000001816
0.0000003054
0.0000002529
0.0000000000
0.0000000318
0.0000000312
0.0000014024
0.0000000462
0.0000000002
0.0000005953
0.0000004333
0.0000000743
0.0000000549
0.0000009504
0.0000001039
0.0000000557
0.0000000651
0.0000003962
0.0000001914
0.0000003270
0.0000000006
0.0000002265
0.0000006717
0.0000000081
0.0000000851
0.0000002340
0.0000001167
0.0000003161
0.0000000806
0.0000004084
0.0000004962
0.0000003360
0.0000000462
0.0000001983
0.0000001735
0.0000000040
0.0000006746
0.0000000651
0.0000000422
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650
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656
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685
688
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694
697
700
704
707
710
713
716
719
722
725
729
732
735
738
741
744
747
751
754
757
760
763
766
769
772
776
779
782
785

3228
3153
3215
3330
3380
3266
3285
3306
3243
3265
3218
3163
3245
3348
3413
3406
3327
3289
3280
3343
3275
3316
3308
3312
3231
3321
3301
3361
3300
3289
3332
3280
3381
3255
3284
3265
3194
3316
3394
3347
3343
3284
3291
3345
3280
3330
3258
3261
3345
3310
3310
3212
3347
3352
3345
3283
3297
3252
3237
3353
3295
3301
3281
3458
3389
3362
3276
3288
3472
3322
3300
3339
3227
3274
3279
3263
3391
3297

0.000979545
0.000956786
0.0009756
0.001010497
0.00102567
0.000991076
0.000996842
0.001003214
0.000984097
0.000990773
0.000976511
0.000959821
0.000984704
0.001015959
0.001035684
0.00103356
0.001009587
0.000998056
0.000995325
0.001014442
0.000993807
0.001006249
0.001003821
0.001005035
0.000980456
0.001007766
0.001001697
0.001019904
0.001001394
0.000998056
0.001011104
0.000995325
0.001025973
0.000987738
0.000996539
0.000990773
0.000969228
0.001006249
0.001029918
0.001015656
0.001014442
0.000996539
0.000998663
0.001015049
0.000995325
0.001010497
0.000988649
0.000989559
0.001015049
0.001004428
0.001004428
0.00097469
0.001015656
0.001017173
0.001015049
0.000996235
0.001000483
0.000986828
0.000982276
0.001017477
0.000999876
0.001001697
0.000995628
0.001049339
0.001028401
0.001020208
0.000994111
0.000997752
0.001053588
0.00100807
0.001001394
0.001013228
0.000979242
0.000993504
0.000995021
0.000990166
0.001029008
0.001000483

0.0911462530
0.0921030392
0.0930786395
0.0940891368
0.0951148068
0.0961058831
0.0971027251
0.0981059396
0.0990900365
0.1000808094
0.1010573201
0.1020171408
0.1030018447
0.1040178042
0.1050534881
0.1060870478
0.1070966348
0.1080946906
0.1090900153
0.1101044575
0.1110982649
0.1121045139
0.1131083353
0.1141133705
0.1150938260
0.1161015923
0.1171032895
0.1181231939
0.1191245876
0.1201226434
0.1211337477
0.1221290724
0.1231550458
0.1241427842
0.1251393227
0.1261300956
0.1270993234
0.1281055724
0.1291354907
0.1301511467
0.1311655890
0.1321621275
0.1331607902
0.1341758393
0.1351711640
0.1361816613
0.1371703101
0.1381598692
0.1391749183
0.1401793466
0.1411837749
0.1421584648
0.1431741208
0.1441912941
0.1452063433
0.1462025783
0.1472030617
0.1481898897
0.1491721660
0.1501896427
0.1511895192
0.1521912164
0.1531868446
0.1542361839
0.1552645849
0.1562847927
0.1572789036
0.1582766560
0.1593302436
0.1603383133
0.1613397071
0.1623529355
0.1633321772
0.1643256812
0.1653207024
0.1663108684
0.1673398764
0.1683403598

0.091
0.092
0.093
0.094
0.095
0.096
0.097
0.098
0.099
0.1
0.101
0.102
0.103
0.104
0.105
0.106
0.107
0.108
0.109
0.11
0.111
0.112
0.113
0.114
0.115
0.116
0.117
0.118
0.119
0.12
0.121
0.122
0.123
0.124
0.125
0.126
0.127
0.128
0.129
0.13
0.131
0.132
0.133
0.134
0.135
0.136
0.137
0.138
0.139
0.14
0.141
0.142
0.143
0.144
0.145
0.146
0.147
0.148
0.149
0.15
0.151
0.152
0.153
0.154
0.155
0.156
0.157
0.158
0.159
0.16
0.161
0.162
0.163
0.164
0.165
0.166
0.167
0.168

0.0000002351
0.0000001154
0.0000000665
0.0000000845
0.0000001387
0.0000001168
0.0000001088
0.0000001145
0.0000000819
0.0000000653
0.0000000325
0.0000000029
0.0000000000
0.0000000030
0.0000000272
0.0000000715
0.0000000873
0.0000000830
0.0000000743
0.0000000992
0.0000000870
0.0000000975
0.0000001039
0.0000001127
0.0000000766
0.0000000890
0.0000000912
0.0000001286
0.0000001304
0.0000001253
0.0000001478
0.0000001366
0.0000001954
0.0000001644
0.0000001553
0.0000001343
0.0000000777
0.0000000871
0.0000001423
0.0000001757
0.0000002093
0.0000001991
0.0000001944
0.0000002307
0.0000002170
0.0000002427
0.0000002117
0.0000001852
0.0000002201
0.0000002298
0.0000002395
0.0000001768
0.0000002120
0.0000002541
0.0000002936
0.0000002811
0.0000002805
0.0000002436
0.0000001989
0.0000002398
0.0000002379
0.0000002406
0.0000002282
0.0000003622
0.0000004516
0.0000005199
0.0000004955
0.0000004844
0.0000006859
0.0000007153
0.0000007168
0.0000007689
0.0000006769
0.0000006468
0.0000006233
0.0000005822
0.0000006917
0.0000006896

0.0000004184
0.0000018674
0.0000005953
0.0000001102
0.0000006589
0.0000000796
0.0000000100
0.0000000103
0.0000002529
0.0000000851
0.0000005518
0.0000016144
0.0000002340
0.0000002547
0.0000012733
0.0000011263
0.0000000919
0.0000000038
0.0000000219
0.0000002086
0.0000000383
0.0000000391
0.0000000146
0.0000000254
0.0000003820
0.0000000603
0.0000000029
0.0000003962
0.0000000019
0.0000000038
0.0000001233
0.0000000219
0.0000006746
0.0000001503
0.0000000120
0.0000000851
0.0000009469
0.0000000391
0.0000008951
0.0000002451
0.0000002086
0.0000000120
0.0000000018
0.0000002265
0.0000000219
0.0000001102
0.0000001289
0.0000001090
0.0000002265
0.0000000196
0.0000000196
0.0000006406
0.0000002451
0.0000002949
0.0000002265
0.0000000142
0.0000000002
0.0000001735
0.0000003141
0.0000003054
0.0000000000
0.0000000029
0.0000000191
0.0000024344
0.0000008066
0.0000004084
0.0000000347
0.0000000051
0.0000028716
0.0000000651
0.0000000019
0.0000001750
0.0000004309
0.0000000422
0.0000000248
0.0000000967
0.0000008415
0.0000000002
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788
791
794
798
801
804
807
810
813
816
819
823
826
829
832
835
838
842
845
848
851
854
857
860
864
867
870
873
876
879
883
886
889
892
895
898
902
905
908
911
914
918
921
924
927
930
934
937
940
943
946
950
953
956
959
962
966
969
972
975
979
982
985
988
992
995
998
1001
1005
1008
1011
1014
1018
1021
1024
1027
1031
1034

3325
3266
3301
3296
3294
3272
3271
3279
3310
3207
3148
3212
3300
3341
3268
3269
3316
3287
3304
3367
3287
3319
3343
3402
3310
3207
3348
3272
3213
3248
3394
3252
3214
3110
3261
3255
3285
3400
3338
3250
3339
3257
3327
3220
3169
3333
3149
3352
3385
3188
3185
3265
3369
3367
3280
3359
3407
3272
3291
3340
3177
3315
3340
3305
3225
3277
3381
3242
3245
3384
3333
3273
3274
3251
3273
3230
3253
3289

0.00100898

0.000991076
0.001001697
0.00100018

0.000999573
0.000992897
0.000992594
0.000995021
0.001004428
0.000973173
0.000955269
0.00097469

0.001001394
0.001013835
0.000991683
0.000991987
0.001006249
0.000997449
0.001002608
0.001021725
0.000997449
0.001007159
0.001014442
0.001032346
0.001004428
0.000973173
0.001015959
0.000992897
0.000974993
0.000985614
0.001029918
0.000986828
0.000975297
0.000943738
0.000989559
0.000987738
0.000996842
0.001031739
0.001012925
0.000986221
0.001013228
0.000988345
0.001009587
0.000977118
0.000961641
0.001011408
0.000955572
0.001017173
0.001027187
0.000967407
0.000966497
0.000990773
0.001022332
0.001021725
0.000995325
0.001019297
0.001033863
0.000992897
0.000998663
0.001013532
0.000964069
0.001005946
0.001013532
0.001002911
0.000978635
0.000994414
0.001025973
0.000983794
0.000984704
0.001026884
0.001011408
0.000993201
0.000993504
0.000986525
0.000993201
0.000980152
0.000987131
0.000998056

0.1693493399
0.1703404162
0.1713421134
0.1723422934
0.1733418664
0.1743347635
0.1753273571
0.1763223784
0.1773268067
0.1782999793
0.1792552483
0.1802299382
0.1812313320
0.1822451673
0.1832368506
0.1842288373
0.1852350863
0.1862325352
0.1872351427
0.1882568678
0.1892543167
0.1902614760
0.1912759183
0.1923082642
0.1933126925
0.1942858651
0.1953018246
0.1962947217
0.1972697151
0.1982553293
0.1992852476
0.2002720756
0.2012473725
0.2021911102
0.2031806693
0.2041684077
0.2051652497
0.2061969887
0.2072099137
0.2081961348
0.2092093632
0.2101977085
0.2112072955
0.2121844130
0.2131460545
0.2141574622
0.2151130346
0.2161302079
0.2171573951
0.2181248022
0.2190912989
0.2200820718
0.2211044038
0.2221261289
0.2231214536
0.2241407511
0.2251746142
0.2261675113
0.2271661740
0.2281797059
0.2291437750
0.2301497205
0.2311632524
0.2321661634
0.2331447982
0.2341392125
0.2351651860
0.2361489795
0.2371336833
0.2381605671
0.2391719748
0.2401651753
0.2411586793
0.2421452039
0.2431384045
0.2441185565
0.2451056880
0.2461037438

0.169
0.17
0.171
0.172
0.173
0.174
0.175
0.176
0.177
0.178
0.179
0.18
0.181
0.182
0.183
0.184
0.185
0.186
0.187
0.188
0.189
0.19
0.191
0.192
0.193
0.194
0.195
0.196
0.197
0.198
0.199
0.2
0.201
0.202
0.203
0.204
0.205
0.206
0.207
0.208
0.209
0.21
0.211
0.212
0.213
0.214
0.215
0.216
0.217
0.218
0.219
0.22
0.221
0.222
0.223
0.224
0.225
0.226
0.227
0.228
0.229
0.23
0.231
0.232
0.233
0.234
0.235
0.236
0.237
0.238
0.239
0.24
0.241
0.242
0.243
0.244
0.245
0.246

0.0000007221
0.0000006817
0.0000006845
0.0000006812
0.0000006756
0.0000006441
0.0000006124
0.0000005905
0.0000006034
0.0000005055
0.0000003640
0.0000002937
0.0000002957
0.0000003303
0.0000003065
0.0000002846
0.0000002987
0.0000002907
0.0000002957
0.0000003510
0.0000003422
0.0000003598
0.0000003986
0.0000004949
0.0000005066
0.0000004212
0.0000004672
0.0000004432
0.0000003693
0.0000003293
0.0000004089
0.0000003701
0.0000003044
0.0000001808
0.0000001608
0.0000001390
0.0000001332
0.0000001884
0.0000002129
0.0000001849
0.0000002097
0.0000001861
0.0000002037
0.0000001604
0.0000001001
0.0000001159
0.0000000594
0.0000000785
0.0000001142
0.0000000714
0.0000000381
0.0000000306
0.0000000493
0.0000000717
0.0000000661
0.0000000884
0.0000001355
0.0000001242
0.0000001216
0.0000001416
0.0000000903
0.0000000975
0.0000001154
0.0000001190
0.0000000900
0.0000000828
0.0000001161
0.0000000940
0.0000000754
0.0000001083
0.0000001237
0.0000001137
0.0000001045
0.0000000871
0.0000000788
0.0000000576
0.0000000456
0.0000000438

0.0000000806
0.0000000796
0.0000000029
0.0000000000
0.0000000002
0.0000000505
0.0000000549
0.0000000248
0.0000000196
0.0000007197
0.0000020009
0.0000006406
0.0000000019
0.0000001914
0.0000000692
0.0000000642
0.0000000391
0.0000000065
0.0000000068
0.0000004720
0.0000000065
0.0000000513
0.0000002086
0.0000010463
0.0000000196
0.0000007197
0.0000002547
0.0000000505
0.0000006253
0.0000002070
0.0000008951
0.0000001735
0.0000006102
0.0000031654
0.0000001090
0.0000001503
0.0000000100
0.0000010074
0.0000001671
0.0000001899
0.0000001750
0.0000001358
0.0000000919
0.0000005236
0.0000014714
0.0000001301
0.0000019738
0.0000002949
0.0000007391
0.0000010623
0.0000011225
0.0000000851
0.0000004987
0.0000004720
0.0000000219
0.0000003724
0.0000011467
0.0000000505
0.0000000018
0.0000001831
0.0000012910
0.0000000353
0.0000001831
0.0000000085
0.0000004565
0.0000000312
0.0000006746
0.0000002627
0.0000002340
0.0000007227
0.0000001301
0.0000000462
0.0000000422
0.0000001816
0.0000000462
0.0000003939
0.0000001656
0.0000000038
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1037
1041
1044
1047
1051
1054
1057
1060
1064
1067
1070
1074
1077
1080
1084
1087
1090
1094
1097
1100
1104
1107
1111
1114
1117
1121
1124
1127
1131
1134
1138
1141
1145
1148
1151
1155
1158
1162
1165
1168
1172
1175
1179
1182
1186
1189
1193
1196
1200
1203
1207
1210
1214
1217
1221
1224
1228
1231
1235
1238
1242
1245
1249
1252
1256
1260
1263
1267
1270
1274
1277
1281
1285
1288
1292
1296
1299
1303

3232
3362
3386
3251
3351
3345
3429
3230
3297
3299
3324
3329
3196
3256
3348
3231
3300
3268
3318
3258
3272
3287
3366
3288
3282
3234
3236
3347
3265
3342
3298
3236
3343
3301
3343
3291
3230
3267
3323
3322
3290
3337
3267
3241
3419
3232
3305
3385
3315
3397
3336
3324
3306
3274
3287
3417
3228
3291
3283
3398
3296
3279
3260
3297
3270
3247
3355
3345
3317
3238
3370
3250
3316
3332
3269
3308
3419
3344

0.000980759
0.001020208
0.001027491
0.000986525
0.00101687

0.001015049
0.001040539
0.000980152
0.001000483
0.00100109

0.001008677
0.001010194
0.000969835
0.000988042
0.001015959
0.000980456
0.001001394
0.000991683
0.001006856
0.000988649
0.000992897
0.000997449
0.001021422
0.000997752
0.000995932
0.000981366
0.000981973
0.001015656
0.000990773
0.001014139
0.001000787
0.000981973
0.001014442
0.001001697
0.001014442
0.000998663
0.000980152
0.00099138

0.001008373
0.00100807

0.000998359
0.001012622
0.00099138

0.00098349

0.001037505
0.000980759
0.001002911
0.001027187
0.001005946
0.001030829
0.001012318
0.001008677
0.001003214
0.000993504
0.000997449
0.001036898
0.000979545
0.000998663
0.000996235
0.001031132
0.00100018

0.000995021
0.000989256
0.001000483
0.00099229

0.000985311
0.001018084
0.001015049
0.001006552
0.00098258

0.001022635
0.000986221
0.001006249
0.001011104
0.000991987
0.001003821
0.001037505
0.001014746

0.2470845028
0.2481047106
0.2491322013
0.2501187259
0.2511355957
0.2521506448
0.2531911840
0.2541713360
0.2551718194
0.2561729097
0.2571815864
0.2581917803
0.2591616149
0.2601496568
0.2611656163
0.2621460718
0.2631474655
0.2641391488
0.2651460047
0.2661346535
0.2671275506
0.2681249994
0.2691464211
0.2701441734
0.2711401050
0.2721214709
0.2731034437
0.2741190997
0.2751098726
0.2761240114
0.2771247982
0.2781067710
0.2791212133
0.2801229105
0.2811373527
0.2821360154
0.2831161674
0.2841075473
0.2851159204
0.2861239901
0.2871223494
0.2881349709
0.2891263507
0.2901098408
0.2911473454
0.2921281044
0.2931310154
0.2941582026
0.2951641482
0.2961949768
0.2972072949
0.2982159715
0.2992191860
0.3002126900
0.3012101388
0.3022470366
0.3032265817
0.3042252444
0.3052214795
0.3062526116
0.3072527915
0.3082478128
0.3092370684
0.3102375518
0.3112298420
0.3122151528
0.3132332364
0.3142482856
0.3152548380
0.3162374177
0.3172600532
0.3182462743
0.3192525233
0.3202636275
0.3212556143
0.3222594356
0.3232969403
0.3243116859

0.247
0.248
0.249
0.25
0.251
0.252
0.253
0.254
0.255
0.256
0.257
0.258
0.259
0.26
0.261
0.262
0.263
0.264
0.265
0.266
0.267
0.268
0.269
0.27
0.271
0.272
0.273
0.274
0.275
0.276
0.277
0.278
0.279
0.28
0.281
0.282
0.283
0.284
0.285
0.286
0.287
0.288
0.289
0.29
0.291
0.292
0.293
0.294
0.295
0.296
0.297
0.298
0.299
0.3
0.301
0.302
0.303
0.304
0.305
0.306
0.307
0.308
0.309
0.31
0.311
0.312
0.313
0.314
0.315
0.316
0.317
0.318
0.319
0.32
0.321
0.322
0.323
0.324

0.0000000289
0.0000000442
0.0000000702
0.0000000564
0.0000000733
0.0000000901
0.0000001445
0.0000001156
0.0000001158
0.0000001168
0.0000001283
0.0000001426
0.0000001008
0.0000000861
0.0000001051
0.0000000814
0.0000000827
0.0000000733
0.0000000804
0.0000000682
0.0000000609
0.0000000583
0.0000000797
0.0000000770
0.0000000724
0.0000000542
0.0000000392
0.0000000518
0.0000000439
0.0000000557
0.0000000562
0.0000000410
0.0000000527
0.0000000540
0.0000000671
0.0000000656
0.0000000477
0.0000000407
0.0000000471
0.0000000538
0.0000000522
0.0000000633
0.0000000552
0.0000000416
0.0000000746
0.0000000562
0.0000000586
0.0000000851
0.0000000913
0.0000001284
0.0000001447
0.0000001565
0.0000001607
0.0000001508
0.0000001467
0.0000002021
0.0000001694
0.0000001669
0.0000001608
0.0000002085
0.0000002082
0.0000001994
0.0000001819
0.0000001820
0.0000001699
0.0000001484
0.0000001738
0.0000001963
0.0000002062
0.0000001784
0.0000002133
0.0000001907
0.0000001999
0.0000002172
0.0000002035
0.0000002090
0.0000002730
0.0000002998

0.0000003702
0.0000004084
0.0000007557
0.0000001816
0.0000002846
0.0000002265
0.0000016434
0.0000003939
0.0000000002
0.0000000012
0.0000000753
0.0000001039
0.0000009099
0.0000001430
0.0000002547
0.0000003820
0.0000000019
0.0000000692
0.0000000470
0.0000001289
0.0000000505
0.0000000065
0.0000004589
0.0000000051
0.0000000166
0.0000003472
0.0000003250
0.0000002451
0.0000000851
0.0000001999
0.0000000006
0.0000003250
0.0000002086
0.0000000029
0.0000002086
0.0000000018
0.0000003939
0.0000000743
0.0000000701
0.0000000651
0.0000000027
0.0000001593
0.0000000743
0.0000002726
0.0000014066
0.0000003702
0.0000000085
0.0000007391
0.0000000353
0.0000009504
0.0000001517
0.0000000753
0.0000000103
0.0000000422
0.0000000065
0.0000013614
0.0000004184
0.0000000018
0.0000000142
0.0000009692
0.0000000000
0.0000000248
0.0000001154
0.0000000002
0.0000000594
0.0000002158
0.0000003270
0.0000002265
0.0000000429
0.0000003035
0.0000005124
0.0000001899
0.0000000391
0.0000001233
0.0000000642
0.0000000146
0.0000014066
0.0000002174
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1306
1310
1314
1317
1321
1325
1328
1332
1336
1339
1343
1347
1350
1354
1358
1362
1365
1369
1373
1377
1380
1384
1388
1392
1395
1399
1403
1407
1410
1414
1418
1422
1426
1430
1433
1437
1441
1445
1449
1453
1457
1460
1464
1468
1472
1476
1480
1484
1488
1492
1496
1500
1504
1508
1512
1516
1520
1524
1528
1532
1536
1540
1544
1548
1552
1556
1560
1564
1568
1572
1576
1580
1584
1589
1593
1597
1601
1605

3349
3242
3217
3281
3169
3277
3379
3247
3284
3367
3289
3284
3312
3300
3245
3339
3249
3350
3334
3409
3311
3279
3209
3248
3308
3277
3374
3325
3277
3296
3281
3295
3327
3272
3184
3323
3222
3244
3221
3171
3248
3209
3303
3342
3211
3190
3243
3303
3317
3265
3202
3328
3314
3373
3240
3167
3332
3305
3407
3296
3319
3315
3419
3323
3361
3252
3278
3362
3317
3207
3427
3332
3362
3300
3369
3309
3355
3233

0.001016263
0.000983794
0.000976207
0.000995628
0.000961641
0.000994414
0.001025367
0.000985311
0.000996539
0.001021725
0.000998056
0.000996539
0.001005035
0.001001394
0.000984704
0.001013228
0.000985918
0.001016566
0.001011711
0.00103447
0.001004732
0.000995021
0.00097378
0.000985614
0.001003821
0.000994414
0.001023849
0.00100898
0.000994414
0.00100018
0.000995628
0.000999876
0.001009587
0.000992897
0.000966193
0.001008373
0.000977724
0.0009844
0.000977421
0.000962248
0.000985614
0.00097378
0.001002304
0.001014139
0.000974386
0.000968014
0.000984097
0.001002304
0.001006552
0.000990773
0.000971655
0.00100989
0.001005642
0.001023546
0.000983187
0.000961035
0.001011104
0.001002911
0.001033863
0.00100018
0.001007159
0.001005946
0.001037505
0.001008373
0.001019904
0.000986828
0.000994718
0.001020208
0.001006552
0.000973173
0.001039932
0.001011104
0.001020208
0.001001394
0.001022332
0.001004125
0.001018084
0.000981062

0.3253279489
0.3263117424
0.3272879496
0.3282835777
0.3292452192
0.3302396335
0.3312650000
0.3322503108
0.3332468493
0.3342685744
0.3352666302
0.3362631687
0.3372682039
0.3382695977
0.3392543015
0.3402675299
0.3412534476
0.3422700140
0.3432817251
0.3443161952
0.3453209270
0.3463159482
0.3472897278
0.3482753420
0.3492791634
0.3502735777
0.3512974270
0.3523064071
0.3533008214
0.3543010014
0.3552966295
0.3562965060
0.3573060930
0.3582989901
0.3592651833
0.3602735565
0.3612512809
0.3622356814
0.3632131024
0.3641753507
0.3651609649
0.3661347445
0.3671370486
0.3681511874
0.3691255739
0.3700935878
0.3710776848
0.3720799889
0.3730865414
0.3740773143
0.3750489697
0.3760588601
0.3770645022
0.3780880480
0.3790712346
0.3800322692
0.3810433734
0.3820462844
0.3830801476
0.3840803276
0.3850874869
0.3860934325
0.3871309371
0.3881393103
0.3891592146
0.3901460427
0.3911407605
0.3921609683
0.3931675207
0.3941406934
0.3951806256
0.3961917299
0.3972119377
0.3982133315
0.3992356635
0.4002397883
0.4012578719
0.4022389344

0.325
0.326
0.327
0.328
0.329
0.33
0.331
0.332
0.333
0.334
0.335
0.336
0.337
0.338
0.339
0.34
0.341
0.342
0.343
0.344
0.345
0.346
0.347
0.348
0.349
0.35
0.351
0.352
0.353
0.354
0.355
0.356
0.357
0.358
0.359
0.36
0.361
0.362
0.363
0.364
0.365
0.366
0.367
0.368
0.369
0.37
0.371
0.372
0.373
0.374
0.375
0.376
0.377
0.378
0.379
0.38
0.381
0.382
0.383
0.384
0.385
0.386
0.387
0.388
0.389
0.39
0.391
0.392
0.393
0.394
0.395
0.396
0.397
0.398
0.399
0.4
0.401
0.402

0.0000003309
0.0000002981
0.0000002536
0.0000002452
0.0000001828
0.0000001740
0.0000002122
0.0000001887
0.0000001830
0.0000002160
0.0000002122
0.0000002061
0.0000002135
0.0000002150
0.0000001908
0.0000002105
0.0000001884
0.0000002132
0.0000002314
0.0000002906
0.0000002985
0.0000002885
0.0000002419
0.0000002179
0.0000002233
0.0000002138
0.0000002520
0.0000002667
0.0000002564
0.0000002559
0.0000002479
0.0000002470
0.0000002624
0.0000002497
0.0000001959
0.0000002079
0.0000001749
0.0000001534
0.0000001251
0.0000000845
0.0000000710
0.0000000496
0.0000000512
0.0000000621
0.0000000427
0.0000000237
0.0000000163
0.0000000172
0.0000000201
0.0000000160
0.0000000064
0.0000000092
0.0000000110
0.0000000205
0.0000000134
0.0000000027
0.0000000049
0.0000000056
0.0000000168
0.0000000168
0.0000000199
0.0000000226
0.0000000443
0.0000000500
0.0000000652
0.0000000547
0.0000000507
0.0000000661
0.0000000714
0.0000000502
0.0000000826
0.0000000928
0.0000001131
0.0000001143
0.0000001392
0.0000001437
0.0000001658
0.0000001420

0.0000002645
0.0000002627
0.0000005661
0.0000000191
0.0000014714
0.0000000312
0.0000006435
0.0000002158
0.0000000120
0.0000004720
0.0000000038
0.0000000120
0.0000000254
0.0000000019
0.0000002340
0.0000001750
0.0000001983
0.0000002744
0.0000001372
0.0000011882
0.0000000224
0.0000000248
0.0000006875
0.0000002070
0.0000000146
0.0000000312
0.0000005688
0.0000000806
0.0000000312
0.0000000000
0.0000000191
0.0000000000
0.0000000919
0.0000000505
0.0000011429
0.0000000701
0.0000004962
0.0000002433
0.0000005098
0.0000014252
0.0000002070
0.0000006875
0.0000000053
0.0000001999
0.0000006561
0.0000010231
0.0000002529
0.0000000053
0.0000000429
0.0000000851
0.0000008034
0.0000000978
0.0000000318
0.0000005544
0.0000002827
0.0000015183
0.0000001233
0.0000000085
0.0000011467
0.0000000000
0.0000000513
0.0000000353
0.0000014066
0.0000000701
0.0000003962
0.0000001735
0.0000000279
0.0000004084
0.0000000429
0.0000007197
0.0000015946
0.0000001233
0.0000004084
0.0000000019
0.0000004987
0.0000000170
0.0000003270
0.0000003586
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1609
1613
1618
1622
1626
1630
1634
1639
1643
1647
1651
1656
1660
1664
1668
1673
1677
1681
1686
1690
1694
1699
1703
1707
1712
1716
1720
1725
1729
1734
1738
1742
1747
1751
1756
1760
1765
1769
1774
1778
1783
1787
1792
1796
1801
1806
1810
1815
1819
1824
1828
1833
1838
1842
1847
1852
1856
1861
1866
1871
1875
1880
1885
1889
1894
1899
1904
1909
1913
1918
1923
1928
1933
1938
1943
1947
1952
1957

3272
3268
3292
3208
3245
3294
3307
3310
3324
3353
3273
3356
3337
3334
3313
3329
3233
3247
3297
3308
3289
3121
3283
3312
3240
3337
3222
3324
3245
3295
3211
3259
3241
3344
3277
3245
3478
3217
3466
3312
3285
3250
3296
3275
3293
3127
3369
3340
3297
3284
3287
3390
3296
3257
3368
3301
3205
3292
3275
3396
3304
3295
3221
3361
3253
3340
3300
3256
3257
3261
3185
3371
3232
3349
3253
3209
3334
3293

0.000992897
0.000991683
0.000998966
0.000973476
0.000984704
0.000999573
0.001003518
0.001004428
0.001008677
0.001017477
0.000993201
0.001018387
0.001012622
0.001011711
0.001005339
0.001010194
0.000981062
0.000985311
0.001000483
0.001003821
0.000998056
0.000947076
0.000996235
0.001005035
0.000983187
0.001012622
0.000977724
0.001008677
0.000984704
0.000999876
0.000974386
0.000988952
0.00098349

0.001014746
0.000994414
0.000984704
0.001055408
0.000976207
0.001051767
0.001005035
0.000996842
0.000986221
0.00100018

0.000993807
0.00099927

0.000948896
0.001022332
0.001013532
0.001000483
0.000996539
0.000997449
0.001028704
0.00100018

0.000988345
0.001022029
0.001001697
0.000972566
0.000998966
0.000993807
0.001030525
0.001002608
0.000999876
0.000977421
0.001019904
0.000987131
0.001013532
0.001001394
0.000988042
0.000988345
0.000989559
0.000966497
0.001022939
0.000980759
0.001016263
0.000987131
0.00097378

0.001011711
0.00099927

0.4032318315
0.4042235147
0.4052224809
0.4061959570
0.4071806608
0.4081802339
0.4091837518
0.4101881801
0.4111968567
0.4122143335
0.4132075340
0.4142259211
0.4152385426
0.4162502538
0.4172555924
0.4182657863
0.4192468487
0.4202321595
0.4212326429
0.4222364643
0.4232345200
0.4241815958
0.4251778308
0.4261828660
0.4271660526
0.4281786741
0.4291563986
0.4301650752
0.4311497791
0.4321496556
0.4331240420
0.4341129942
0.4350964843
0.4361112300
0.4371056443
0.4380903482
0.4391457565
0.4401219637
0.4411737306
0.4421787658
0.4431756077
0.4441618289
0.4451620088
0.4461558163
0.4471550859
0.4481039823
0.4491263143
0.4501398462
0.4511403296
0.4521368681
0.4531343169
0.4541630214
0.4551632014
0.4561515467
0.4571735752
0.4581752724
0.4591478382
0.4601468043
0.4611406118
0.4621711370
0.4631737445
0.4641736210
0.4651510420
0.4661709464
0.4671580779
0.4681716098
0.4691730035
0.4701610454
0.4711493907
0.4721389498
0.4731054465
0.4741283854
0.4751091443
0.4761254073
0.4771125388
0.4780863183
0.4790980295
0.4800972991

0.403
0.404
0.405
0.406
0.407
0.408
0.409
0.41

0.411
0.412
0.413
0.414
0.415
0.416
0.417
0.418
0.419
0.42

0.421
0.422
0.423
0.424
0.425
0.426
0.427
0.428
0.429
0.43

0.431
0.432
0.433
0.434
0.435
0.436
0.437
0.438
0.439
0.44

0.441
0.442
0.443
0.444
0.445
0.446
0.447
0.448
0.449
0.45

0.451
0.452
0.453
0.454
0.455
0.456
0.457
0.458
0.459
0.46

0.461
0.462
0.463
0.464
0.465
0.466
0.467
0.468
0.469
0.47

0.471
0.472
0.473
0.474
0.475
0.476
0.477
0.478
0.479
0.48

0.0000001334
0.0000001237
0.0000001222
0.0000000946
0.0000000802
0.0000000796
0.0000000826
0.0000000864
0.0000000943
0.0000001115
0.0000001043
0.0000001233
0.0000001371
0.0000001505
0.0000001567
0.0000001690
0.0000001454
0.0000001283
0.0000001286
0.0000001325
0.0000001300
0.0000000778
0.0000000744
0.0000000785
0.0000000646
0.0000000746
0.0000000570
0.0000000634
0.0000000521
0.0000000518
0.0000000355
0.0000000294
0.0000000214
0.0000000284
0.0000000255
0.0000000186
0.0000000484
0.0000000338
0.0000000684
0.0000000723
0.0000000696
0.0000000590
0.0000000590
0.0000000544
0.0000000538
0.0000000241
0.0000000355
0.0000000435
0.0000000437
0.0000000414
0.0000000398
0.0000000585
0.0000000585
0.0000000504
0.0000000659
0.0000000671
0.0000000476
0.0000000469
0.0000000429
0.0000000634
0.0000000652
0.0000000650
0.0000000491
0.0000000627
0.0000000535
0.0000000629
0.0000000638
0.0000000552
0.0000000474
0.0000000409
0.0000000235
0.0000000348
0.0000000251
0.0000000330
0.0000000266
0.0000000156
0.0000000201
0.0000000197

0.0000000505
0.0000000692
0.0000000011
0.0000007035
0.0000002340
0.0000000002
0.0000000124
0.0000000196
0.0000000753
0.0000003054
0.0000000462
0.0000003381
0.0000001593
0.0000001372
0.0000000285
0.0000001039
0.0000003586
0.0000002158
0.0000000002
0.0000000146
0.0000000038
0.0000028010
0.0000000142
0.0000000254
0.0000002827
0.0000001593
0.0000004962
0.0000000753
0.0000002340
0.0000000000
0.0000006561
0.0000001221
0.0000002726
0.0000002174
0.0000000312
0.0000002340
0.0000030701
0.0000005661
0.0000026798
0.0000000254
0.0000000100
0.0000001899
0.0000000000
0.0000000383
0.0000000005
0.0000026116
0.0000004987
0.0000001831
0.0000000002
0.0000000120
0.0000000065
0.0000008239
0.0000000000
0.0000001358
0.0000004853
0.0000000029
0.0000007526
0.0000000011
0.0000000383
0.0000009318
0.0000000068
0.0000000000
0.0000005098
0.0000003962
0.0000001656
0.0000001831
0.0000000019
0.0000001430
0.0000001358
0.0000001090
0.0000011225
0.0000005262
0.0000003702
0.0000002645
0.0000001656
0.0000006875
0.0000001372
0.0000000005
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1962
1967
1972
1977
1982
1987
1992
1997
2002
2007
2012
2017
2022
2027
2032
2037
2043
2048
2053
2058
2063
2068
2074
2079
2084
2089
2095
2100
2105
2110
2116
2121
2126
2132
2137
2142
2148
2153
2159
2164
2170
2175
2180
2186
2191
2197
2202
2208
2214
2219
2225
2230
2236
2242
2247
2253
2259
2264
2270
2276
2282
2287
2293
2299
2305
2311
2316
2322
2328
2334
2340
2346
2352
2358
2364
2370
2376
2382

3317
3197
3167
3346
3281
3271
3317
3243
3309
3275
3248
3320
3199
3306
3179
3323
3339
3426
3239
3317
3275
3274
3292
3272
3333
3281
3305
3275
3260
3283
3290
3282
3303
3222
3323
3416
3447
3273
3391
3338
3314
3256
3260
3267
3240
3291
3359
3255
3316
3345
3213
3228
3250
3249
3259
3287
3275
3344
3212
3260
3302
3299
3318
3318
3207
3304
3296
3365
3377
3245
3261
3393
3305
3332
3334
3280
3331
3295

0.001006552
0.000970138
0.000961035
0.001015353
0.000995628
0.000992594
0.001006552
0.000984097
0.001004125
0.000993807
0.000985614
0.001007463
0.000970745
0.001003214
0.000964676
0.001008373
0.001013228
0.001039629
0.000982883
0.001006552
0.000993807
0.000993504
0.000998966
0.000992897
0.001011408
0.000995628
0.001002911
0.000993807
0.000989256
0.000996235
0.000998359
0.000995932
0.001002304
0.000977724
0.001008373
0.001036594
0.001046001
0.000993201
0.001029008
0.001012925
0.001005642
0.000988042
0.000989256
0.00099138

0.000983187
0.000998663
0.001019297
0.000987738
0.001006249
0.001015049
0.000974993
0.000979545
0.000986221
0.000985918
0.000988952
0.000997449
0.000993807
0.001014746
0.00097469

0.000989256
0.001002001
0.00100109

0.001006856
0.001006856
0.000973173
0.001002608
0.00100018

0.001021118
0.00102476

0.000984704
0.000989559
0.001029615
0.001002911
0.001011104
0.001011711
0.000995325
0.001010801
0.000999876

0.4811038515
0.4820739896
0.4830350242
0.4840503768
0.4850460049
0.4860385986
0.4870451510
0.4880292480
0.4890333728
0.4900271803
0.4910127945
0.4920202573
0.4929910023
0.4939942168
0.4949588928
0.4959672660
0.4969804944
0.4980201232
0.4990030063
0.5000095588
0.5010033662
0.5019968702
0.5029958363
0.5039887334
0.5050001411
0.5059957693
0.5069986803
0.5079924877
0.5089817434
0.5099779784
0.5109763377
0.5119722693
0.5129745734
0.5139522978
0.5149606710
0.5159972653
0.5170432666
0.5180364671
0.5190654751
0.5200784000
0.5210840421
0.5220720840
0.5230613396
0.5240527194
0.5250359060
0.5260345687
0.5270538662
0.5280416046
0.5290478536
0.5300629027
0.5310378961
0.5320174412
0.5330036624
0.5339895800
0.5349785322
0.5359759811
0.5369697886
0.5379845342
0.5389592242
0.5399484798
0.5409504805
0.5419515708
0.5429584267
0.5439652826
0.5449384552
0.5459410628
0.5469412428
0.5479623609
0.5489871206
0.5499718244
0.5509613835
0.5519909984
0.5529939094
0.5540050136
0.5550167248
0.5560120495
0.5570228503
0.5580227268

0.481
0.482
0.483
0.484
0.485
0.486
0.487
0.488
0.489
0.49
0.491
0.492
0.493
0.494
0.495
0.496
0.497
0.498
0.499
0.5
0.501
0.502
0.503
0.504
0.505
0.506
0.507
0.508
0.509
0.51
0.511
0.512
0.513
0.514
0.515
0.516
0.517
0.518
0.519
0.52
0.521
0.522
0.523
0.524
0.525
0.526
0.527
0.528
0.529
0.53
0.531
0.532
0.533
0.534
0.535
0.536
0.537
0.538
0.539
0.54
0.541
0.542
0.543
0.544
0.545
0.546
0.547
0.548
0.549
0.55
0.551
0.552
0.553
0.554
0.555
0.556
0.557
0.558

0.0000000224
0.0000000114
0.0000000025
0.0000000052
0.0000000044
0.0000000031
0.0000000042
0.0000000018
0.0000000023
0.0000000015
0.0000000003
0.0000000008
0.0000000002
0.0000000001
0.0000000034
0.0000000022
0.0000000008
0.0000000008
0.0000000000
0.0000000002
0.0000000000
0.0000000000
0.0000000000
0.0000000003
0.0000000000
0.0000000000
0.0000000000
0.0000000001
0.0000000007
0.0000000010
0.0000000011
0.0000000015
0.0000000013
0.0000000044
0.0000000030
0.0000000000
0.0000000036
0.0000000026
0.0000000083
0.0000000118
0.0000000136
0.0000000100
0.0000000072
0.0000000053
0.0000000025
0.0000000023
0.0000000055
0.0000000033
0.0000000043
0.0000000075
0.0000000027
0.0000000006
0.0000000000
0.0000000002
0.0000000009
0.0000000011
0.0000000017
0.0000000004
0.0000000031
0.0000000049
0.0000000045
0.0000000043
0.0000000032
0.0000000022
0.0000000070
0.0000000064
0.0000000063
0.0000000026
0.0000000003
0.0000000014
0.0000000027
0.0000000001
0.0000000001
0.0000000000
0.0000000005
0.0000000003
0.0000000009
0.0000000009

0.0000000429
0.0000008917
0.0000015183
0.0000002357
0.0000000191
0.0000000549
0.0000000429
0.0000002529
0.0000000170
0.0000000383
0.0000002070
0.0000000557
0.0000008559
0.0000000103
0.0000012478
0.0000000701
0.0000001750
0.0000015704
0.0000002930
0.0000000429
0.0000000383
0.0000000422
0.0000000011
0.0000000505
0.0000001301
0.0000000191
0.0000000085
0.0000000383
0.0000001154
0.0000000142
0.0000000027
0.0000000166
0.0000000053
0.0000004962
0.0000000701
0.0000013391
0.0000021161
0.0000000462
0.0000008415
0.0000001671
0.0000000318
0.0000001430
0.0000001154
0.0000000743
0.0000002827
0.0000000018
0.0000003724
0.0000001503
0.0000000391
0.0000002265
0.0000006253
0.0000004184
0.0000001899
0.0000001983
0.0000001221
0.0000000065
0.0000000383
0.0000002174
0.0000006406
0.0000001154
0.0000000040
0.0000000012
0.0000000470
0.0000000470
0.0000007197
0.0000000068
0.0000000000
0.0000004460
0.0000006130
0.0000002340
0.0000001090
0.0000008770
0.0000000085
0.0000001233
0.0000001372
0.0000000219
0.0000001167
0.0000000000

95



2388
2394
2400
2406
2412
2418
2425
2431
2437
2443
2449
2456
2462
2468
2475
2481
2487
2494
2500
2506
2513
2519
2526
2532
2539
2545
2552
2558
2565
2571
2578
2585
2591
2598
2605
2612
2618
2625
2632
2639
2646
2652
2659
2666
2673
2680
2687
2694
2701
2708
2715
2722
2729
2737
2744
2751
2758
2765
2773
2780
2787
2795
2802
2809
2817
2824
2832
2839
2847
2854
2862
2869
2877
2885
2892
2900
2908
2915

3219
3227
3279
3363
3204
3264
3357
3224
3307
3207
3243
3344
3295
3371
3368
3340
3245
3261
3243
3286
3315
3316
3325
3280
3302
3343
3215
3273
3397
3265
3387
3236
3239
3283
3312
3264
3419
3244
3284
3264
3322
3299
3203
3222
3295
3295
3368
3239
3259
3274
3284
3416
3337
3278
3297
3331
3280
3250
3386
3317
3224
3324
3200
3384
3303
3267
3236
3324
3353
3289
3216
3316
3326
3246
3290
3251
3268
3346

0.000976814
0.000979242
0.000995021
0.001020511
0.000972262
0.000990469
0.001018691
0.000978331
0.001003518
0.000973173
0.000984097
0.001014746
0.000999876
0.001022939
0.001022029
0.001013532
0.000984704
0.000989559
0.000984097
0.000997145
0.001005946
0.001006249
0.00100898
0.000995325
0.001002001
0.001014442
0.0009756
0.000993201
0.001030829
0.000990773
0.001027794
0.000981973
0.000982883
0.000996235
0.001005035
0.000990469
0.001037505
0.0009844
0.000996539
0.000990469
0.00100807
0.00100109
0.000971959
0.000977724
0.000999876
0.000999876
0.001022029
0.000982883
0.000988952
0.000993504
0.000996539
0.001036594
0.001012622
0.000994718
0.001000483
0.001010801
0.000995325
0.000986221
0.001027491
0.001006552
0.000978331
0.001008677
0.000971048
0.001026884
0.001002304
0.00099138
0.000981973
0.001008677
0.001017477
0.000998056
0.000975904
0.001006249
0.001009284
0.000985007
0.000998359
0.000986525
0.000991683
0.001015353

0.5589995409
0.5599787826
0.5609738038
0.5619943151
0.5629665774
0.5639570469
0.5649757374
0.5659540688
0.5669575867
0.5679307594
0.5689148563
0.5699296020
0.5709294785
0.5719524174
0.5729744459
0.5739879778
0.5749726817
0.5759622408
0.5769463377
0.5779434832
0.5789494287
0.5799556777
0.5809646578
0.5819599825
0.5829619831
0.5839764254
0.5849520257
0.5859452262
0.5869760549
0.5879668278
0.5889946219
0.5899765947
0.5909594778
0.5919557129
0.5929607481
0.5939512176
0.5949887222
0.5959731226
0.5969696611
0.5979601306
0.5989682003
0.5999692906
0.6009412494
0.6019189739
0.6029188504
0.6039187269
0.6049407554
0.6059236386
0.6069125908
0.6079060948
0.6089026333
0.6099392275
0.6109518490
0.6119465668
0.6129470502
0.6139578510
0.6149531757
0.6159393969
0.6169668875
0.6179734400
0.6189517714
0.6199604480
0.6209314965
0.6219583803
0.6229606844
0.6239520642
0.6249340370
0.6259427136
0.6269601903
0.6279582461
0.6289341499
0.6299403989
0.6309496824
0.6319346897
0.6329330489
0.6339195735
0.6349112568
0.6359266094

0.559
0.56
0.561
0.562
0.563
0.564
0.565
0.566
0.567
0.568
0.569
0.57
0.571
0.572
0.573
0.574
0.575
0.576
0.577
0.578
0.579
0.58
0.581
0.582
0.583
0.584
0.585
0.586
0.587
0.588
0.589
0.59
0.591
0.592
0.593
0.594
0.595
0.596
0.597
0.598
0.599
0.6
0.601
0.602
0.603
0.604
0.605
0.606
0.607
0.608
0.609
0.61
0.611
0.612
0.613
0.614
0.615
0.616
0.617
0.618
0.619
0.62
0.621
0.622
0.623
0.624
0.625
0.626
0.627
0.628
0.629
0.63
0.631
0.632
0.633
0.634
0.635
0.636

0.0000000000
0.0000000008
0.0000000012
0.0000000001
0.0000000020
0.0000000033
0.0000000010
0.0000000037
0.0000000032
0.0000000084
0.0000000127
0.0000000087
0.0000000087
0.0000000040
0.0000000011
0.0000000003
0.0000000013
0.0000000025
0.0000000050
0.0000000055
0.0000000044
0.0000000034
0.0000000021
0.0000000028
0.0000000025
0.0000000010
0.0000000039
0.0000000051
0.0000000010
0.0000000019
0.0000000000
0.0000000009
0.0000000028
0.0000000033
0.0000000026
0.0000000040
0.0000000002
0.0000000012
0.0000000015
0.0000000027
0.0000000017
0.0000000016
0.0000000057
0.0000000109
0.0000000109
0.0000000109
0.0000000058
0.0000000096
0.0000000126
0.0000000145
0.0000000156
0.0000000061
0.0000000038
0.0000000047
0.0000000046
0.0000000029
0.0000000036
0.0000000060
0.0000000018
0.0000000011
0.0000000038
0.0000000025
0.0000000076
0.0000000028
0.0000000025
0.0000000037
0.0000000070
0.0000000052
0.0000000025
0.0000000028
0.0000000069
0.0000000056
0.0000000040
0.0000000067
0.0000000071
0.0000000102
0.0000000124
0.0000000085

0.0000005376
0.0000004309
0.0000000248
0.0000004207
0.0000007694
0.0000000908
0.0000003493
0.0000004695
0.0000000124
0.0000007197
0.0000002529
0.0000002174
0.0000000000
0.0000005262
0.0000004853
0.0000001831
0.0000002340
0.0000001090
0.0000002529
0.0000000081
0.0000000353
0.0000000391
0.0000000806
0.0000000219
0.0000000040
0.0000002086
0.0000005953
0.0000000462
0.0000009504
0.0000000851
0.0000007725
0.0000003250
0.0000002930
0.0000000142
0.0000000254
0.0000000908
0.0000014066
0.0000002433
0.0000000120
0.0000000908
0.0000000651
0.0000000012
0.0000007863
0.0000004962
0.0000000000
0.0000000000
0.0000004853
0.0000002930
0.0000001221
0.0000000422
0.0000000120
0.0000013391
0.0000001593
0.0000000279
0.0000000002
0.0000001167
0.0000000219
0.0000001899
0.0000007557
0.0000000429
0.0000004695
0.0000000753
0.0000008382
0.0000007227
0.0000000053
0.0000000743
0.0000003250
0.0000000753
0.0000003054
0.0000000038
0.0000005806
0.0000000391
0.0000000862
0.0000002248
0.0000000027
0.0000001816
0.0000000692
0.0000002357
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2923
2931
2939
2947
2955
2963
2971
2979
2987
2995
3003
3011
3019
3027
3035
3044
3052
3060
3068
3077
3085
3094
3102
3111
3119
3128
3136
3145
3153
3162
3171
3180
3188
3197
3206
3215
3224
3233
3242
3251
3260
3269
3278
3287
3297
3306
3315
3325
3334
3343
3353
3362
3372
3381
3391
3401
3410
3420
3430
3440
3450
3460
3469
3479
3490
3500
3510
3520
3530
3540
3551
3561
3571
3582
3592
3603
3614
3624

3301
3360
3305
3265
3270
3296
3297
3368
3313
3336
3391
3350
3360
3344
3290
3207
3353
3291
3241
3357
3250
3321
3227
3269
3289
3345
3241
3396
3320
3326
3307
3279
3275
3192
3287
3343
3266
3335
3367
3237
3263
3348
3324
3298
3353
3296
3376
3295
3217
3392
3256
3322
3240
3363
3241
3239
3381
3296
3350
3363
3308
3316
3292
3317
3470
3283
3304
3323
3221
3200
3282
3273
3288
3348
3290
3272
3286
3239

0.001001697
0.001019601
0.001002911
0.000990773
0.00099229

0.00100018

0.001000483
0.001022029
0.001005339
0.001012318
0.001029008
0.001016566
0.001019601
0.001014746
0.000998359
0.000973173
0.001017477
0.000998663
0.00098349

0.001018691
0.000986221
0.001007766
0.000979242
0.000991987
0.000998056
0.001015049
0.00098349

0.001030525
0.001007463
0.001009284
0.001003518
0.000995021
0.000993807
0.000968621
0.000997449
0.001014442
0.000991076
0.001012015
0.001021725
0.000982276
0.000990166
0.001015959
0.001008677
0.001000787
0.001017477
0.00100018

0.001024456
0.000999876
0.000976207
0.001029311
0.000988042
0.00100807

0.000983187
0.001020511
0.00098349

0.000982883
0.001025973
0.00100018

0.001016566
0.001020511
0.001003821
0.001006249
0.000998966
0.001006552
0.001052981
0.000996235
0.001002608
0.001008373
0.000977421
0.000971048
0.000995932
0.000993201
0.000997752
0.001015959
0.000998359
0.000992897
0.000997145
0.000982883

0.6369283066
0.6379479075
0.6389508185
0.6399415914
0.6409338816
0.6419340616
0.6429345450
0.6439565735
0.6449619121
0.6459742302
0.6470032381
0.6480198045
0.6490394055
0.6500541511
0.6510525104
0.6520256830
0.6530431598
0.6540418225
0.6550253125
0.6560440031
0.6570302242
0.6580379905
0.6590172322
0.6600092189
0.6610072747
0.6620223238
0.6630058138
0.6640363391
0.6650438019
0.6660530854
0.6670566033
0.6680516246
0.6690454320
0.6700140529
0.6710115018
0.6720259440
0.6730170204
0.6740290350
0.6750507600
0.6760330363
0.6770232023
0.6780391618
0.6790478384
0.6800486253
0.6810661020
0.6820662819
0.6830907381
0.6840906146
0.6850668218
0.6860961332
0.6870841750
0.6880922448
0.6890754314
0.6900959426
0.6910794327
0.6920623158
0.6930882892
0.6940884692
0.6951050356
0.6961255469
0.6971293682
0.6981356172
0.6991345834
0.7001411358
0.7011941165
0.7021903516
0.7031929592
0.7042013323
0.7051787533
0.7061498018
0.7071457334
0.7081389340
0.7091366863
0.7101526458
0.7111510050
0.7121439021
0.7131410475
0.7141239307

0.637
0.638
0.639
0.64
0.641
0.642
0.643
0.644
0.645
0.646
0.647
0.648
0.649
0.65
0.651
0.652
0.653
0.654
0.655
0.656
0.657
0.658
0.659
0.66
0.661
0.662
0.663
0.664
0.665
0.666
0.667
0.668
0.669
0.67
0.671
0.672
0.673
0.674
0.675
0.676
0.677
0.678
0.679
0.68
0.681
0.682
0.683
0.684
0.685
0.686
0.687
0.688
0.689
0.69
0.691
0.692
0.693
0.694
0.695
0.696
0.697
0.698
0.699
0.7
0.701
0.702
0.703
0.704
0.705
0.706
0.707
0.708
0.709
0.71
0.711
0.712
0.713
0.714

0.0000000081
0.0000000043
0.0000000038
0.0000000053
0.0000000068
0.0000000068
0.0000000067
0.0000000029
0.0000000022
0.0000000010
0.0000000000
0.0000000006
0.0000000024
0.0000000045
0.0000000042
0.0000000010
0.0000000029
0.0000000027
0.0000000010
0.0000000030
0.0000000014
0.0000000022
0.0000000005
0.0000000001
0.0000000001
0.0000000008
0.0000000001
0.0000000020
0.0000000029
0.0000000042
0.0000000048
0.0000000040
0.0000000031
0.0000000003
0.0000000002
0.0000000010
0.0000000004
0.0000000013
0.0000000038
0.0000000016
0.0000000008
0.0000000023
0.0000000034
0.0000000035
0.0000000064
0.0000000064
0.0000000121
0.0000000120
0.0000000065
0.0000000135
0.0000000103
0.0000000124
0.0000000083
0.0000000133
0.0000000091
0.0000000056
0.0000000112
0.0000000113
0.0000000159
0.0000000226
0.0000000240
0.0000000263
0.0000000259
0.0000000285
0.0000000538
0.0000000516
0.0000000530
0.0000000576
0.0000000453
0.0000000318
0.0000000300
0.0000000273
0.0000000264
0.0000000328
0.0000000321
0.0000000291
0.0000000279
0.0000000215

0.0000000029
0.0000003842
0.0000000085
0.0000000851
0.0000000594
0.0000000000
0.0000000002
0.0000004853
0.0000000285
0.0000001517
0.0000008415
0.0000002744
0.0000003842
0.0000002174
0.0000000027
0.0000007197
0.0000003054
0.0000000018
0.0000002726
0.0000003493
0.0000001899
0.0000000603
0.0000004309
0.0000000642
0.0000000038
0.0000002265
0.0000002726
0.0000009318
0.0000000557
0.0000000862
0.0000000124
0.0000000248
0.0000000383
0.0000009846
0.0000000065
0.0000002086
0.0000000796
0.0000001444
0.0000004720
0.0000003141
0.0000000967
0.0000002547
0.0000000753
0.0000000006
0.0000003054
0.0000000000
0.0000005981
0.0000000000
0.0000005661
0.0000008592
0.0000001430
0.0000000651
0.0000002827
0.0000004207
0.0000002726
0.0000002930
0.0000006746
0.0000000000
0.0000002744
0.0000004207
0.0000000146
0.0000000391
0.0000000011
0.0000000429
0.0000028070
0.0000000142
0.0000000068
0.0000000701
0.0000005098
0.0000008382
0.0000000166
0.0000000462
0.0000000051
0.0000002547
0.0000000027
0.0000000505
0.0000000081
0.0000002930
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3635
3646
3656
3667
3678
3689
3700
3711
3722
3733
3745
3756
3767
3779
3790
3802
3813
3825
3836
3848
3860
3872
3884
3895
3907
3920
3932
3944
3956
3968
3981
3993
4006
4018
4031
4044
4056
4069
4082
4095
4108
4121
4135
4148
4161
4175
4188
4202
4215
4229
4243
4257
4271
4285
4299
4313
4327
4341
4356
4370
4385
4400
4414
4429
4444
4459
4474
4490
4505
4520
4536
4551
4567
4583
4599
4615
4631
4647

3308
3359
3207
3379
3231
3176
3243
3373
3351
3314
3276
3270
3308
3260
3311
3328
3192
3271
3263
3305
3229
3307
3202
3304
3315
3386
3373
3250
3339
3310
3313
3358
3283
3304
3363
3313
3243
3309
3320
3275
3405
3235
3433
3300
3331
3218
3174
3279
3252
3277
3363
3298
3312
3277
3203
3219
3218
3210
3372
3313
3389
3233
3247
3271
3258
3284
3213
3380
3306
3301
3279
3423
3271
3341
3180
3362
3239
3330

0.001003821
0.001019297
0.000973173
0.001025367
0.000980456
0.000963766
0.000984097
0.001023546
0.00101687

0.001005642
0.000994111
0.00099229

0.001003821
0.000989256
0.001004732
0.00100989

0.000968621
0.000992594
0.000990166
0.001002911
0.000979849
0.001003518
0.000971655
0.001002608
0.001005946
0.001027491
0.001023546
0.000986221
0.001013228
0.001004428
0.001005339
0.001018994
0.000996235
0.001002608
0.001020511
0.001005339
0.000984097
0.001004125
0.001007463
0.000993807
0.001033256
0.000981669
0.001041753
0.001001394
0.001010801
0.000976511
0.000963159
0.000995021
0.000986828
0.000994414
0.001020511
0.001000787
0.001005035
0.000994414
0.000971959
0.000976814
0.000976511
0.000974083
0.001023242
0.001005339
0.001028401
0.000981062
0.000985311
0.000992594
0.000988649
0.000996539
0.000974993
0.00102567

0.001003214
0.001001697
0.000995021
0.001038718
0.000992594
0.001013835
0.000964979
0.001020208
0.000982883
0.001010497

0.7151277521
0.7161470495
0.7171202222
0.7181455887
0.7191260442
0.7200898098
0.7210739068
0.7220974526
0.7231143224
0.7241199645
0.7251140754
0.7261063656
0.7271101870
0.7280994426
0.7291041744
0.7301140648
0.7310826857
0.7320752793
0.7330654453
0.7340683564
0.7350482050
0.7360517229
0.7370233783
0.7380259859
0.7390319314
0.7400594221
0.7410829679
0.7420691890
0.7430824174
0.7440868457
0.7450921844
0.7461111784
0.7471074134
0.7481100210
0.7491305323
0.7501358709
0.7511199679
0.7521240927
0.7531315555
0.7541253630
0.7551586193
0.7561402886
0.7571820416
0.7581834353
0.7591942361
0.7601707467
0.7611339055
0.7621289267
0.7631157547
0.7641101691
0.7651306804
0.7661314672
0.7671365024
0.7681309168
0.7691028756
0.7700796897
0.7710562003
0.7720302834
0.7730535257
0.7740588644
0.7750872654
0.7760683278
0.7770536386
0.7780462322
0.7790348810
0.7800314195
0.7810064129
0.7820320828
0.7830352973
0.7840369945
0.7850320158
0.7860707342
0.7870633278
0.7880771632
0.7890421426
0.7900623504
0.7910452336
0.7920557309

0.715
0.716
0.717
0.718
0.719
0.72

0.721
0.722
0.723
0.724
0.725
0.726
0.727
0.728
0.729
0.73

0.731
0.732
0.733
0.734
0.735
0.736
0.737
0.738
0.739
0.74

0.741
0.742
0.743
0.744
0.745
0.746
0.747
0.748
0.749
0.75

0.751
0.752
0.753
0.754
0.755
0.756
0.757
0.758
0.759
0.76

0.761
0.762
0.763
0.764
0.765
0.766
0.767
0.768
0.769
0.77

0.771
0.772
0.773
0.774
0.775
0.776
0.777
0.778
0.779
0.78

0.781
0.782
0.783
0.784
0.785
0.786
0.787
0.788
0.789
0.79

0.791
0.792

0.0000000228
0.0000000302
0.0000000202
0.0000000295
0.0000000221
0.0000000112
0.0000000076
0.0000000132
0.0000000181
0.0000000199
0.0000000179
0.0000000156
0.0000000167
0.0000000136
0.0000000149
0.0000000178
0.0000000094
0.0000000077
0.0000000058
0.0000000064
0.0000000032
0.0000000036
0.0000000007
0.0000000009
0.0000000014
0.0000000048
0.0000000093
0.0000000065
0.0000000091
0.0000000101
0.0000000114
0.0000000166
0.0000000154
0.0000000162
0.0000000227
0.0000000246
0.0000000192
0.0000000205
0.0000000230
0.0000000208
0.0000000333
0.0000000260
0.0000000438
0.0000000444
0.0000000497
0.0000000384
0.0000000236
0.0000000218
0.0000000176
0.0000000159
0.0000000223
0.0000000226
0.0000000243
0.0000000223
0.0000000138
0.0000000082
0.0000000041
0.0000000012
0.0000000037
0.0000000045
0.0000000098
0.0000000060
0.0000000037
0.0000000027
0.0000000016
0.0000000013
0.0000000001
0.0000000013
0.0000000016
0.0000000017
0.0000000013
0.0000000064
0.0000000051
0.0000000076
0.0000000023
0.0000000049
0.0000000026
0.0000000039

0.0000000146
0.0000003724
0.0000007197
0.0000006435
0.0000003820
0.0000013129
0.0000002529
0.0000005544
0.0000002846
0.0000000318
0.0000000347
0.0000000594
0.0000000146
0.0000001154
0.0000000224
0.0000000978
0.0000009846
0.0000000549
0.0000000967
0.0000000085
0.0000004061
0.0000000124
0.0000008034
0.0000000068
0.0000000353
0.0000007557
0.0000005544
0.0000001899
0.0000001750
0.0000000196
0.0000000285
0.0000003608
0.0000000142
0.0000000068
0.0000004207
0.0000000285
0.0000002529
0.0000000170
0.0000000557
0.0000000383
0.0000011060
0.0000003360
0.0000017433
0.0000000019
0.0000001167
0.0000005518
0.0000013573
0.0000000248
0.0000001735
0.0000000312
0.0000004207
0.0000000006
0.0000000254
0.0000000312
0.0000007863
0.0000005376
0.0000005518
0.0000006717
0.0000005402
0.0000000285
0.0000008066
0.0000003586
0.0000002158
0.0000000549
0.0000001289
0.0000000120
0.0000006253
0.0000006589
0.0000000103
0.0000000029
0.0000000248
0.0000014991
0.0000000549
0.0000001914
0.0000012264
0.0000004084
0.0000002930
0.0000001102
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4663
4680
4696
4713
4729
4746
4763
4780
4797
4815
4832
4850
4867
4885
4903
4921
4939
4957
4975
4994
5013
5031
5050
5069
5088
5108
5127
5147
5166
5186
5206
5226
5247
5267
5288
5308
5329
5350
5372
5393
5415
5436
5458
5480
5503
5525
5548
5571
5594
5617
5640
5664
5688
5712
5736
5760
5785
5810
5835
5860
5886
5911
5937
5964
5990
6017
6044
6071
6098
6126
6154
6182
6211
6239
6268
6298
6327
6357

3282
3330
3380
3366
3293
3351
3231
3358
3336
3342
3337
3336
3262
3330
3253
3282
3280
3318
3293
3343
3242
3270
3334
3248
3199
3260
3215
3258
3330
3418
3288
3248
3240
3326
3303
3317
3240
3241
3331
3258
3218
3296
3264
3238
3308
3138
3266
3321
3209
3363
3203
3277
3318
3362
3225
3122
3305
3308
3289
3323
3324
3256
3297
3297
3273
3280
3400
3263
3331
3287
3270
3243
3312
3322
3293
3359
3389
3318

0.000995932
0.001010497
0.00102567
0.001021422
0.00099927
0.00101687
0.000980456
0.001018994
0.001012318
0.001014139
0.001012622
0.001012318
0.000989863
0.001010497
0.000987131
0.000995932
0.000995325
0.001006856
0.00099927
0.001014442
0.000983794
0.00099229
0.001011711
0.000985614
0.000970745
0.000989256
0.0009756
0.000988649
0.001010497
0.001037201
0.000997752
0.000985614
0.000983187
0.001009284
0.001002304
0.001006552
0.000983187
0.00098349
0.001010801
0.000988649
0.000976511
0.00100018
0.000990469
0.00098258
0.001003821
0.000952234
0.000991076
0.001007766
0.00097378
0.001020511
0.000971959
0.000994414
0.001006856
0.001020208
0.000978635
0.000947379
0.001002911
0.001003821
0.000998056
0.001008373
0.001008677
0.000988042
0.001000483
0.001000483
0.000993201
0.000995325
0.001031739
0.000990166
0.001010801
0.000997449
0.00099229
0.000984097
0.001005035
0.00100807
0.00099927
0.001019297
0.001028401
0.001006856

0.7930516625
0.7940621598
0.7950878298
0.7961092515
0.7971085210
0.7981253909
0.7991058464
0.8001248404
0.8011371585
0.8021512972
0.8031639188
0.8041762368
0.8051660994
0.8061765967
0.8071637282
0.8081596598
0.8091549845
0.8101618404
0.8111611100
0.8121755522
0.8131593457
0.8141516359
0.8151633470
0.8161489613
0.8171197063
0.8181089620
0.8190845622
0.8200732110
0.8210837083
0.8221209095
0.8231186618
0.8241042760
0.8250874626
0.8260967462
0.8270990503
0.8281056027
0.8290887893
0.8300722794
0.8310830802
0.8320717289
0.8330482396
0.8340484195
0.8350388890
0.8360214687
0.8370252900
0.8379775245
0.8389686008
0.8399763671
0.8409501467
0.8419706579
0.8429426168
0.8439370311
0.8449438871
0.8459640949
0.8469427297
0.8478901089
0.8488930199
0.8498968413
0.8508948970
0.8519032702
0.8529119468
0.8538999887
0.8549004721
0.8559009555
0.8568941560
0.8578894807
0.8589212197
0.8599113858
0.8609221865
0.8619196354
0.8629119256
0.8638960226
0.8649010577
0.8659091275
0.8669083971
0.8679276945
0.8689560956
0.8699629515

0.793
0.794
0.795
0.796
0.797
0.798
0.799
0.8
0.801
0.802
0.803
0.804
0.805
0.806
0.807
0.808
0.809
0.81
0.811
0.812
0.813
0.814
0.815
0.816
0.817
0.818
0.819
0.82
0.821
0.822
0.823
0.824
0.825
0.826
0.827
0.828
0.829
0.83
0.831
0.832
0.833
0.834
0.835
0.836
0.837
0.838
0.839
0.84
0.841
0.842
0.843
0.844
0.845
0.846
0.847
0.848
0.849
0.85
0.851
0.852
0.853
0.854
0.855
0.856
0.857
0.858
0.859
0.86
0.861
0.862
0.863
0.864
0.865
0.866
0.867
0.868
0.869
0.87

0.0000000034
0.0000000049
0.0000000097
0.0000000150
0.0000000148
0.0000000197
0.0000000140
0.0000000195
0.0000000235
0.0000000285
0.0000000335
0.0000000386
0.0000000343
0.0000000387
0.0000000332
0.0000000315
0.0000000297
0.0000000323
0.0000000320
0.0000000380
0.0000000312
0.0000000282
0.0000000327
0.0000000272
0.0000000175
0.0000000145
0.0000000087
0.0000000065
0.0000000085
0.0000000178
0.0000000171
0.0000000132
0.0000000093
0.0000000113
0.0000000119
0.0000000135
0.0000000095
0.0000000063
0.0000000083
0.0000000062
0.0000000028
0.0000000028
0.0000000018
0.0000000006
0.0000000008
0.0000000006
0.0000000012
0.0000000007
0.0000000030
0.0000000010
0.0000000039
0.0000000047
0.0000000037
0.0000000015
0.0000000039
0.0000000142
0.0000000135
0.0000000125
0.0000000130
0.0000000110
0.0000000091
0.0000000117
0.0000000116
0.0000000115
0.0000000131
0.0000000142
0.0000000072
0.0000000091
0.0000000070
0.0000000075
0.0000000090
0.0000000125
0.0000000113
0.0000000095
0.0000000097
0.0000000060
0.0000000022
0.0000000016

0.0000000166
0.0000001102
0.0000006589
0.0000004589
0.0000000005
0.0000002846
0.0000003820
0.0000003608
0.0000001517
0.0000001999
0.0000001593
0.0000001517
0.0000001028
0.0000001102
0.0000001656
0.0000000166
0.0000000219
0.0000000470
0.0000000005
0.0000002086
0.0000002627
0.0000000594
0.0000001372
0.0000002070
0.0000008559
0.0000001154
0.0000005953
0.0000001289
0.0000001102
0.0000013839
0.0000000051
0.0000002070
0.0000002827
0.0000000862
0.0000000053
0.0000000429
0.0000002827
0.0000002726
0.0000001167
0.0000001289
0.0000005518
0.0000000000
0.0000000908
0.0000003035
0.0000000146
0.0000022815
0.0000000796
0.0000000603
0.0000006875
0.0000004207
0.0000007863
0.0000000312
0.0000000470
0.0000004084
0.0000004565
0.0000027690
0.0000000085
0.0000000146
0.0000000038
0.0000000701
0.0000000753
0.0000001430
0.0000000002
0.0000000002
0.0000000462
0.0000000219
0.0000010074
0.0000000967
0.0000001167
0.0000000065
0.0000000594
0.0000002529
0.0000000254
0.0000000651
0.0000000005
0.0000003724
0.0000008066
0.0000000470
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6388
6418
6449
6480
6512
6543
6576
6608
6641
6674
6708
6742
6776
6811
6846
6881
6917
6954
6990
7028
7065
7103
7142
7181
7221
7261
7301
7342
7384
7426
7468
7512
7555
7600
7645
7690
7736
7783
7831
7879
7928
7978
8028
8079
8131
8184
8237
8292
8347
8403
8460
8518
8577
8637
8698
8760
8823
8888
8953
9020
10000

totals 3295407

3422
3225
3177
3288
3286
3198
3336
3351
3393
3329
3185
3350
3295
3225
3253
3271
3345
3335
3231
3282
3337
3305
3285
3219
3250
3204
3185
3226
3342
3289
3286
3328
3339
3365
3209
3340
3248
3272
3321
3398
3324
3315
3256
3315
3250
3319
3262
3319
3249
3302
3402
3383
3271
3380
3286
3249
3268
3363
3298
3266

0.001038415
0.000978635
0.000964069
0.000997752
0.000997145
0.000970442
0.001012318
0.00101687

0.001029615
0.001010194
0.000966497
0.001016566
0.000999876
0.000978635
0.000987131
0.000992594
0.001015049
0.001012015
0.000980456
0.000995932
0.001012622
0.001002911
0.000996842
0.000976814
0.000986221
0.000972262
0.000966497
0.000978938
0.001014139
0.000998056
0.000997145
0.00100989

0.001013228
0.001021118
0.00097378

0.001013532
0.000985614
0.000992897
0.001007766
0.001031132
0.001008677
0.001005946
0.000988042
0.001005946
0.000986221
0.001007159
0.000989863
0.001007159
0.000985918
0.001002001
0.001032346
0.00102658

0.000992594
0.00102567

0.000997145
0.000985918
0.000991683
0.001020511
0.001000787
0.000991076

230923 0.070074197

0.8710013664
0.8719800013
0.8729440703
0.8739418227
0.8749389681
0.8759094097
0.8769217277
0.8779385976
0.8789682124
0.8799784063
0.8809449030
0.8819614694
0.8829613459
0.8839399807
0.8849271122
0.8859197058
0.8869347549
0.8879467695
0.8889272251
0.8899231567
0.8909357782
0.8919386892
0.8929355312
0.8939123453
0.8948985664
0.8958708287
0.8968373254
0.8978162637
0.8988304024
0.8998284582
0.9008256036
0.9018354941
0.9028487225
0.9038698407
0.9048436202
0.9058571521
0.9068427663
0.9078356634
0.9088434297
0.9098745618
0.9108832384
0.9118891839
0.9128772258
0.9138831713
0.9148693925
0.9158765518
0.9168664144
0.9178735737
0.9188594914
0.9198614921
0.9208938380
0.9219204183
0.9229130120
0.9239386819
0.9249358274
0.9259217450
0.9269134283
0.9279339396
0.9289347264
0.9299258028
1.0000000000

0.871  0.0000000000  0.0000014757
0.872  0.0000000005  0.0000004565
0.873  0.0000000036  0.0000012910
0.874  0.0000000039  0.0000000051
0.875 0.0000000043  0.0000000081
0.876  0.0000000094  0.0000008737
0.877  0.0000000070  0.0000001517
0.878 0.0000000043  0.0000002846
0.879  0.0000000011  0.0000008770
0.88 0.0000000005  0.0000001039
0.881  0.0000000034  0.0000011225
0.882  0.0000000017  0.0000002744
0.883  0.0000000017  0.0000000000
0.884  0.0000000041  0.0000004565
0.885 0.0000000060  0.0000001656
0.886  0.0000000073  0.0000000549
0.887  0.0000000048  0.0000002265
0.888  0.0000000032  0.0000001444
0.889  0.0000000060  0.0000003820
0.89 0.0000000066  0.0000000166
0.891  0.0000000046  0.0000001593
0.892  0.0000000042  0.0000000085
0.893  0.0000000047  0.0000000100
0.894  0.0000000086  0.0000005376
0.895 0.0000000115  0.0000001899
0.896 0.0000000186  0.0000007694
0.897  0.0000000295  0.0000011225
0.898 0.0000000376  0.0000004436
0.899  0.0000000320  0.0000001999
0.9 0.0000000327  0.0000000038
0.901 0.0000000338  0.0000000081
0.902  0.0000000300  0.0000000978
0.903 0.0000000253  0.0000001750
0.904 0.0000000187  0.0000004460
0.905 0.0000000270  0.0000006875
0.906 0.0000000225  0.0000001831
0.907  0.0000000273  0.0000002070
0.908 0.0000000297  0.0000000505
0.909  0.0000000270  0.0000000603
0.91 0.0000000173  0.0000009692
0.911  0.0000000150  0.0000000753
0.912  0.0000000135  0.0000000353
0.913  0.0000000165  0.0000001430
0.914 0.0000000149  0.0000000353
0.915 0.0000000186  0.0000001899
0.916 0.0000000166  0.0000000513
0.917 0.0000000195  0.0000001028
0.918 0.0000000174  0.0000000513
0.919 0.0000000215  0.0000001983
0.92 0.0000000209  0.0000000040
0.921  0.0000000122  0.0000010463
0.922  0.0000000069  0.0000007065
0.923  0.0000000082  0.0000000549
0.924  0.0000000041  0.0000006589
0.925 0.0000000045  0.0000000081
0.926  0.0000000066  0.0000001983
0.927  0.0000000081  0.0000000692
0.928 0.0000000047  0.0000004207
0.929  0.0000000046  0.0000000006
0.93 0.0000000059  0.0000000796
1 0.0000000000  0.0000000786
0.0001031470  0.0002746
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File Size Distribution (tail) Chi Squared verification of simulation output for

selected file sizes.

Column 1: file size.

Column 2: cumulative total of the percentages

Column 3: expected cumulative percentage

Column 4: Chi Squared calculation of the cumulative total
File Size Cumulative Expected Chi Sq
9021 0.000125583 0.000110852 0.0000019575
10021 0.099916422 0.099890231 0.0000000069
11021 0.181675277 0.181562472 0.0000000701
12021 0.249498751 0.249646452 0.0000000874
13021 0.307154333 0.307272867 0.0000000457
14021 0.355993123 0.356679267 0.0000013199
15021 0.399146036 0.399507356 0.0000003268
16021 0.437336255 0.436988952 0.0000002760
17022 0.470187032 0.470097521 0.0000000170
18023 0.499590773 0.49952838 0.0000000078
19026 0.52567306 0.52591191 0.0000001085
20033 0.549356279 0.549742924 0.0000002719
21042 0.571541163 0.571333523 0.0000000755
22054 0.591227379 0.5910039  0.0000000845
23071 0.608990876 0.609032985 0.0000000029
24101 0.625333986 0.62574167 0.0000002656
25131 0.640438588 0.641080737 0.0000006432
26166 0.654607813 0.655277841 0.0000006851
27232 0.668270376 0.668772033 0.0000003763
28295 0.681014884 0.681215763 0.0000000592
29386 0.693040537 0.693051113 0.0000000002
30501 0.704273719 0.704271991 0.0000000000
31636 0.715047873 0.71488178 0.0000000386
32785 0.725085851 0.72487418 0.0000000618
33961 0.734868333 0.734401225 0.0000002971
35173 0.743957943 0.743553294 0.0000002202
36407 0.752857013 0.752245447 0.0000004972
37704 0.761180134 0.760768088 0.0000002232
39060 0.769061549 0.769073221 0.0000000002
40451 0.776968946 0.777014165 0.0000000026
41831 0.784495265 0.784370443 0.0000000199
43263 0.791753095 0.791507755 0.0000000760
44773 0.798790073 0.798539298 0.0000000788
46337 0.805601867 0.805339146 0.0000000857
47993 0.812227452 0.812055925 0.0000000362
49642 0.818818394 0.818299021 0.0000003296
51505 0.825192813 0.824871372 0.0000001253
53316 0.831342049 0.830820017 0.0000003280
55306 0.837266102 0.836907388 0.0000001538

57354

0.843164172

0.842731109

0.0000002225



59542
61758
64069
66686
69371
72423
75480
78857
82550
86576
91202
95962
101158
106727
113357
120628
128570
137792
147785
159835
173579
190457
209905
234471
263666
302704
351957
430180
544332
755384
1218701
2861463

0.849010276
0.854873703
0.860433998
0.865894692
0.871355387
0.876746794
0.881865384
0.887118217
0.892228145
0.897130212
0.902162193
0.906938677
0.911702169
0.916435349
0.921138215
0.925810768
0.930453008
0.935043283
0.939603244
0.944093919
0.948571602
0.953036294
0.95745335

0.961874738
0.966283133
0.970665547
0.975060951
0.97940439

0.983765151
0.98810426

0.992443369
0.996773816

0.848510295
0.853946047
0.859214285
0.864739226
0.869974485
0.87545393

0.880498145
0.885615735
0.890732889
0.895814082
0.90109866

0.90600446

0.910832559
0.915485304
0.920428381
0.925224658
0.929843665
0.934539015
0.938965389
0.943566803
0.948035189
0.952640229
0.957028179
0.961530424
0.965790053
0.970201913
0.974371869
0.979032033
0.983429231
0.988059053
0.992598677
0.996847766

0.0000002946
0.0000010077
0.0000017315
0.0000015439
0.0000021919
0.0000019093
0.0000021230
0.0000025490
0.0000025101
0.0000019337
0.0000012552
0.0000009633
0.0000008303
0.0000009859
0.0000005474
0.0000003713
0.0000003993
0.0000002721
0.0000004333
0.0000002945
0.0000003035
0.0000001647
0.0000001889
0.0000001233
0.0000002517
0.0000002216
0.0000004873
0.0000001416
0.0000001147
0.0000000021
0.0000000243
0.0000000055

0.0000356613
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Hourly Request Rate

Hourly request rate Chi-squared verification.

Column 1: Hour of the day

Column 2: Approximated rate

Column 3: Measured output data.

Column 4:Chi-squared verification

Approximation
2.816666667
2.533333333
2.25
2.033333333
2

2.033333333
2.416666667
3.066666667
4.216666667
4.95

5.766666667
6.083333333
6.383333333
6.45

6.666666667
6.583333333
6.25

5.333333333
4.533333333
4.066666667
3.916666667
3.783333333
3.516666667
3.283333333

Measured Chi Squared

1.971774268 0.005990381
1.882524636 0.124479704
1.800700574 0.060016952
2.071591057 0.02661541
1.909942123 0.00256264
1.986768207 0.007487897
1.976915047 0.076474215
2.86855457 0.387247367
3.942120543 0.431005429
4.812768552 0.205216364
6.010570012 0.157789875
5.917321997 0.000870329
5.918749991 0.034020872
7.171100826 0.043756058

7.37401879
7.28177037
7.10241431

5.266299482
4.705240596
4.520029759
3.401053574
3.723780243
3.697219553
2.68677092

0.038168073
0.094964581
0.170328015

0.586808907
0.118508686
0.10027295

0.092948176
0.038626735
0.012197924
0.052173138

2.868530677
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Active Off Time

Active off time Chi-squared verification.

Column 1: Seconds of off time

Column 2: Sample count from simulations.

Column 3: Probability density function of measured output.

Column 4: Cumulative density function of measured output.

Column 5: Expected value (cdf).

Column 6: Chi-squared verification.

Count pdf

41368 0.575883287

Seconds

0

1 7030
2 4101
3 2677
4 2051
5 1534
6 1261
7 1115
8 921
9 713
10 648
11 601
12 491
13 474
14 388
15 372
16 377
17 310
18 249
19 268
20 213
21 237
22 208
23 182
24 167
25 159
26 159
27 149
28 134
29 130
30 132
31 108
32 102
33 90
34 102
35 94
36 99

0.097864521
0.057089957
0.037266476
0.028551939
0.02135479

0.017554361
0.015521898
0.012821227
0.009925662
0.009020798
0.008366512
0.006835203
0.006598547
0.005401342
0.005178606
0.005248211
0.004315505
0.003466325
0.003730824
0.00296517

0.003299273
0.002895565
0.002533619
0.002324804
0.002213437
0.002213437
0.002074227
0.001865412
0.001809728
0.00183757

0.001503466
0.00141994

0.001252889
0.00141994

0.001308573
0.001378178

cdf

0.575883287
0.673747807
0.730837765
0.76810424

0.79665618

0.81801097

0.835565331
0.851087229
0.863908456
0.873834118
0.882854916
0.891221427
0.898056631
0.904655177
0.910056519
0.915235125
0.920483337
0.924798842
0.928265167
0.931995991
0.934961161
0.938260434
0.941155999
0.943689618
0.946014422
0.948227859
0.950441295
0.952515522
0.954380934
0.956190662
0.958028232
0.959531698
0.960951639
0.962204527
0.963624468
0.96493304

0.966311218

Expected

0.579117101
0.676237277
0.731974133
0.769986404
0.798180661
0.820183264
0.837956101
0.852676882
0.86510552
0.875759203
0.885004699
0.893110762
0.900279656
0.90666703
0.912394937
0.917560643
0.922242752
0.926505576
0.9304023
0.933977341
0.937268113
0.940306377
0.943119289
0.945730217
0.948159388
0.950424406
0.952540669
0.954521706
0.956379459
0.958124505
0.959766255
0.961313104
0.96277257
0.964151405
0.965455691
0.96669092
0.967862064

Chi-squared

0.0000180578
0.0000091646
0.0000017642
0.0000046008
0.0000029117
0.0000057534
0.0000068211
0.0000029636
0.0000016564
0.0000042317
0.0000052221
0.0000039968
0.0000054892
0.0000044642
0.0000059932
0.0000058939
0.0000033565
0.0000031440
0.0000049090
0.0000042033
0.0000056782
0.0000044516
0.0000040870
0.0000044030
0.0000048524
0.0000050765
0.0000046270
0.0000042165
0.0000041763
0.0000039032
0.0000031474
0.0000033011
0.0000034440
0.0000039313
0.0000034734
0.0000031966
0.0000024850
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

©~~©

0.001336415
0.000974469
0.000793496
0.001099758
0.001016232
0.000779575
0.001057995
0.000946627
0.000765654
0.000904864
0.000723891
0.00070997

0.00084918

0.000668207
0.000682128
0.000515076
0.000528997
0.000598602
0.000528997
0.000626444
0.000445472
0.00041763

0.000320183
0.000348025
0.000375867
0.000403709
0.000334104
0.000334104
0.000320183
0.000264499
0.000348025
0.000208815
0.000403709
0.000334104
0.00027842

0.000264499
0.000222736
0.000292341
0.000389788
0.000306262
0.000167052
0.000153131
0.00027842

0.000264499
0.000180973
0.000153131
0.000306262
0.000194894
0.000167052
0.000180973
0.000194894
0.000180973
0.000153131
0.00013921

0.000167052
0.000111368
0.000111368
0.000167052
0.00013921

0.000222736
0.000180973
0.000125289
9.74469E-05
9.74469E-05
0.000125289

0.967647632
0.968622101
0.969415597
0.970515355
0.971531587
0.972311162
0.973369157
0.974315784
0.975081438
0.975986302
0.976710193
0.977420163
0.978269343
0.978937551
0.979619679
0.980134755
0.980663753
0.981262355
0.981791352
0.982417797
0.982863268
0.983280898
0.98360108

0.983949105
0.984324972
0.98472868

0.985062784
0.985396887
0.98571707

0.985981569
0.986329593
0.986538408
0.986942117
0.98727622

0.98755464

0.987819139
0.988041874
0.988334215
0.988724003
0.989030264
0.989197316
0.989350447
0.989628867
0.989893365
0.990074338
0.990227469
0.990533731
0.990728624
0.990895676
0.991076649
0.991271543
0.991452516
0.991605646
0.991744856
0.991911908
0.992023276
0.992134644
0.992301696
0.992440905
0.992663641
0.992844614
0.992969903
0.99306735

0.993164797
0.993290086

0.96897364
0.970029753
0.971034148
0.971990246
0.97290118
0.973769823
0.974598814
0.975390584
0.976147373
0.97687125
0.977564127
0.978227777
0.978863843
0.979473851
0.980059221
0.980621274
0.981161241
0.981680273
0.982179441
0.982659752
0.983122144
0.9835675
0.983996645
0.984410356
0.984809361
0.985194347
0.98556596
0.985924807
0.986271463
0.986606468
0.986930334
0.987243544
0.987546555
0.987839798
0.988123685
0.988398601
0.988664916
0.988922979
0.98917312
0.989415655
0.989650882
0.989879087
0.990100539
0.990315498
0.990524208
0.990726903
0.990923806
0.991115131
0.99130108
0.991481848
0.991657619
0.991828571
0.991994873
0.992156686
0.992314167
0.992467463
0.992616716
0.992762063
0.992903633
0.993041553
0.993175941
0.993306914
0.993434581
0.993559049
0.993680419

0.0000018146
0.0000020427
0.0000026979
0.0000022380
0.0000019280
0.0000021850
0.0000015515
0.0000011843
0.0000011640
0.0000008017
0.0000007459
0.0000006668
0.0000003611
0.0000002936
0.0000001971
0.0000002414
0.0000002522
0.0000001779
0.0000001533
0.0000000596
0.0000000682
0.0000000835
0.0000001590
0.0000002161
0.0000002383
0.0000002201
0.0000002569
0.0000002827
0.0000003116
0.0000003958
0.0000003657
0.0000005036
0.0000003700
0.0000003215
0.0000003277
0.0000003397
0.0000003926
0.0000003505
0.0000002039
0.0000001501
0.0000002079
0.0000002823
0.0000002247
0.0000001799
0.0000002043
0.0000002518
0.0000001536
0.0000001507
0.0000001658
0.0000001656
0.0000001503
0.0000001426
0.0000001527
0.0000001709
0.0000001631
0.0000001988
0.0000002341
0.0000002135
0.0000002156
0.0000001438
0.0000001105
0.0000001143
0.0000001358
0.0000001564
0.0000001533
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102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
147
148
149
150
151
152
153
154
155
156
158
159
160
161
162
164
165
166
167
168
169

ow

o
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0.000125289
0.000125289
5.56839E-05
8.35259E-05
8.35259E-05
0.000180973
0.00013921

8.35259E-05
0.000194894
0.000111368
9.74469E-05
9.74469E-05
5.56839E-05
5.56839E-05
0.000111368
0.00013921

6.96049E-05
0.000027842
5.56839E-05
0.000111368
0.000041763
5.56839E-05
8.35259E-05
8.35259E-05
9.74469E-05
9.74469E-05
5.56839E-05
0.000041763
0.000111368
0.000111368
0.000041763
9.74469E-05
0.000041763
9.74469E-05
0.000041763
0.000013921
0.000041763
0.000041763
5.56839E-05
5.56839E-05
0.000041763
0.000013921
0.000111368
6.96049E-05
0.000013921
0.000041763
0.000013921
0.000041763
0.000041763
6.96049E-05
0.000027842
0.000013921
0.000027842
8.35259E-05
6.96049E-05
6.96049E-05
8.35259E-05
0.000013921
0.000027842
0.000041763
5.56839E-05
0.000041763
6.96049E-05
0.000013921
0.000027842

0.993415374
0.993540663
0.993596347
0.993679873
0.993763399
0.993944372
0.994083582
0.994167108
0.994362001
0.994473369
0.994570816
0.994668263
0.994723947
0.994779631
0.994890999
0.995030209
0.995099814
0.995127655
0.995183339
0.995294707
0.99533647
0.995392154
0.99547568
0.995559206
0.995656653
0.9957541
0.995809784
0.995851547
0.995962915
0.996074282
0.996116045
0.996213492
0.996255255
0.996352702
0.996394465
0.996408386
0.996450149
0.996491912
0.996547596
0.99660328
0.996645043
0.996658964
0.996770332
0.996839937
0.996853858
0.996895621
0.996909541
0.996951304
0.996993067
0.997062672
0.997090514
0.997104435
0.997132277
0.997215803
0.997285408
0.997355013
0.997438539
0.99745246
0.997480302
0.997522065
0.997577749
0.997619512
0.997689117
0.997703038
0.99773088

0.993798789
0.993914255
0.994026905
0.994136827
0.994244104
0.994348818
0.994451045
0.994550861
0.994648337
0.994743543
0.994836545
0.994927408
0.995016193
0.995102961
0.995187769
0.995270674
0.995351728
0.995430983
0.995508491
0.995584299
0.995658454
0.995731002
0.995801985
0.995871447
0.995939428
0.996005967
0.996071104
0.996134875
0.996197315
0.99625846
0.996318343
0.996376997
0.996434453
0.996490741
0.996545891
0.996599933
0.996652893
0.996704799
0.996755676
0.99680555
0.996854447
0.996902388
0.996949399
0.9969955
0.997085063
0.997128567
0.997171245
0.997213117
0.997254202
0.997294518
0.997334084
0.997372915
0.99741103
0.997448445
0.997521236
0.997556643
0.997591411
0.997625554
0.997659085
0.997724368
0.997756145
0.997787363
0.997818033
0.997848169
0.99787778

0.0000001479
0.0000001404
0.0000001865
0.0000002100
0.0000002324
0.0000001645
0.0000001358
0.0000001481
0.0000000824
0.0000000734
0.0000000710
0.0000000675
0.0000000858
0.0000001051
0.0000000885
0.0000000581
0.0000000638
0.0000000924
0.0000001062
0.0000000842
0.0000001041
0.0000001153
0.0000001069
0.0000000979
0.0000000803
0.0000000637
0.0000000686
0.0000000806
0.0000000552
0.0000000340
0.0000000411
0.0000000268
0.0000000322
0.0000000191
0.0000000230
0.0000000368
0.0000000412
0.0000000455
0.0000000434
0.0000000410
0.0000000440
0.0000000594
0.0000000322
0.0000000243
0.0000000536
0.0000000544
0.0000000687
0.0000000687
0.0000000684
0.0000000539
0.0000000595
0.0000000723
0.0000000779
0.0000000543
0.0000000558
0.0000000408
0.0000000234
0.0000000300
0.0000000320
0.0000000410
0.0000000319
0.0000000282
0.0000000167
0.0000000211
0.0000000216
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170
171
173
174
175
176
178
179
181
182
183
185
186
190
191
192
193
194
195
196
199
200
201
203
204
206
207
208
209
210
211
212
214
215
217
219
221
222
224
228
229
230
231
232
234
235
236
237
239
241
242
243
245
247
250
251
252
253
254
255
256
257
267
270
274
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0.000027842
0.000027842
0.000027842
0.000013921
0.000041763
0.000013921
0.000041763
0.000041763
0.000041763
0.000013921
0.000027842
0.000013921
0.000027842
0.000013921
0.000027842
0.000013921
0.000013921
5.56839E-05
0.000027842
0.000013921
0.000041763
0.000013921
0.000013921
0.000013921
0.000027842
5.56839E-05
0.000013921
5.56839E-05
0.000027842
0.000013921
0.000013921
0.000027842
5.56839E-05
0.000041763
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000027842
0.000041763
0.000013921
0.000013921
0.000027842
0.000013921
0.000027842
0.000013921
0.000027842
0.000013921
0.000027842
0.000027842
0.000027842
0.000013921
0.000027842
0.000013921
0.000013921
0.000027842
0.000013921
0.000013921
0.000041763
0.000027842
0.000013921
0.000013921
0.000013921

0.997758722
0.997786564
0.997814405
0.997828326
0.997870089
0.99788401

0.997925773
0.997967536
0.998009299
0.99802322

0.998051062
0.998064983
0.998092825
0.998106746
0.998134588
0.998148509
0.99816243

0.998218114
0.998245956
0.998259877
0.99830164

0.998315561
0.998329482
0.998343403
0.998371245
0.998426929
0.99844085

0.998496534
0.998524376
0.998538297
0.998552218
0.99858006

0.998635744
0.998677507
0.998691428
0.998705348
0.998719269
0.99873319

0.998747111
0.998761032
0.998788874
0.998830637
0.998844558
0.998858479
0.998886321
0.998900242
0.998928084
0.998942005
0.998969847
0.998983768
0.99901161

0.999039452
0.999067294
0.999081215
0.999109057
0.999122978
0.999136899
0.999164741
0.999178662
0.999192583
0.999234346
0.999262188
0.999276109
0.99929003

0.999303951

0.997906878
0.997935475
0.997991206
0.99801836
0.998045053
0.998071295
0.998122462
0.998147406
0.998196056
0.998219779
0.998243112
0.998288637
0.998310845
0.998396148
0.998416625
0.998436777
0.998456609
0.998476127
0.998495338
0.998514247
0.998569224
0.998586983
0.998604469
0.998638639
0.998655334
0.998687965
0.998703911
0.998719617
0.998735087
0.998750326
0.998765337
0.998780125
0.998809047
0.998823189
0.998850854
0.998877718
0.998903808
0.998916572
0.998941553
0.998989414
0.999000959
0.999012341
0.999023565
0.999034631
0.999056303
0.999066915
0.999077379
0.9990877
0.999107918
0.999127588
0.999137223
0.999146727
0.999165353
0.999183481
0.999209778
0.999218311
0.999226732
0.999235043
0.999243244
0.999251337
0.999259325
0.999267208
0.999340663
0.999360924
0.999386772

0.0000000220
0.0000000222
0.0000000313
0.0000000362
0.0000000307
0.0000000351
0.0000000388
0.0000000324
0.0000000349
0.0000000387
0.0000000369
0.0000000501
0.0000000476
0.0000000839
0.0000000797
0.0000000832
0.0000000867
0.0000000667
0.0000000623
0.0000000648
0.0000000717
0.0000000738
0.0000000757
0.0000000873
0.0000000808
0.0000000682
0.0000000693
0.0000000498
0.0000000445
0.0000000450
0.0000000455
0.0000000401
0.0000000301
0.0000000212
0.0000000254
0.0000000297
0.0000000341
0.0000000337
0.0000000378
0.0000000522
0.0000000450
0.0000000330
0.0000000321
0.0000000311
0.0000000289
0.0000000278
0.0000000223
0.0000000212
0.0000000191
0.0000000207
0.0000000158
0.0000000115
0.0000000096
0.0000000105
0.0000000102
0.0000000091
0.0000000081
0.0000000049
0.0000000042
0.0000000035
0.0000000006
0.0000000000
0.0000000042
0.0000000050
0.0000000069
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276
278
280
281
282
283
286
288
289
301
303
304
308
312
313
315
322
330
331
333
337
339
340
341
343
346
350
352
357
388
412
415
418
431
433
448
481
487
490
585
614
623
826
937

1140
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0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000027842
0.000013921
0.000041763
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000027842
0.000013921
0.000013921
0.000027842
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921
0.000013921

0.999317872
0.999331793
0.999345714
0.999359635
0.999373556
0.999387477
0.999415319
0.99942924
0.999471003
0.999484924
0.999498845
0.999512766
0.999526687
0.999540608
0.999554529
0.99956845
0.999582371
0.999596291
0.999610212
0.999624133
0.999638054
0.999651975
0.999665896
0.999693738
0.999707659
0.99972158
0.999749422
0.999763343
0.999777264
0.999791185
0.999805106
0.999819027
0.999832948
0.999846869
0.99986079
0.999874711
0.999888632
0.999902553
0.999916474
0.999930395
0.999944316
0.999958237
0.999972158
0.999986079
1

0.999399217
0.999411356
0.999423198
0.99942901
0.999434751
0.999440422
0.999457024
0.999467761
0.999473032
0.999531603
0.999540582
0.999544993
0.999562132
0.999578497
0.999582472
0.999590288
0.999616286
0.999643605
0.999646852
0.999653241
0.999665607
0.999671591
0.999674535
0.999677447
0.999683178
0.999691547
0.999702296
0.999707502
0.999720047
0.999784937
0.9998231
0.999827282
0.999831346
0.9998477
0.999850046
0.99986634
0.999895381
0.999899826
0.999901965
0.999948575
0.999957214
0.999959543
0.999987177
0.99999264

0.0000000066
0.0000000063
0.0000000060
0.0000000048
0.0000000037
0.0000000028
0.0000000017
0.0000000015
0.0000000000
0.0000000022
0.0000000017
0.0000000010
0.0000000013
0.0000000014
0.0000000008
0.0000000005
0.0000000012
0.0000000022
0.0000000013
0.0000000008
0.0000000008
0.0000000004
0.0000000001
0.0000000003
0.0000000006
0.0000000009
0.0000000022
0.0000000031
0.0000000033
0.0000000000
0.0000000003
0.0000000001
0.0000000000
0.0000000000
0.0000000001
0.0000000001
0.0000000000
0.0000000000
0.0000000002
0.0000000003
0.0000000002
0.0000000000
0.0000000002
0.0000000000

0.999997063 0.0000000000

0.0002108865



Seconds Count
1

2 8438
3 3594
4 1836
5 1134
6 731
7 511
8 396
9 300
10 216
11 190
12 140
13 114
14 92
15 76
16 79
17 67
18 46
19 47

Inactive Off Time

Inactive off time Chi-squared verification.

Column 1: Seconds of inactive off time.

Column 2: Sample count.

Column 3: Probability density function of measured output.

Column 4: Cumulative density function of measured output.

Column 5: Expected value (cdf).

Column 6: Chi-squared verification.

pdf

33894 0.645858343

0.160788125
0.068484537
0.034985423
0.021608644
0.013929381
0.009737228
0.007545876
0.005716572
0.004115932
0.003620496
0.002667734
0.002172298
0.001753082
0.001448198
0.001505364
0.001276701
0.000876541
0.000895596

Measured
0.645858343
0.806646468
0.875131005
0.910116428
0.931725071
0.945654452
0.955391681
0.962937556
0.968654128
0.97277006
0.976390556
0.97905829
0.981230588
0.98298367
0.984431868
0.985937232
0.987213933
0.988090474
0.988986071

Expected
0.646446609
0.80754991
0.875
0.910557281
0.931958618
0.946005075
0.955805826
0.962962963
0.968377223
0.972589878
0.975943739
0.980909911
0.982786741
0.982786741
0.984375
0.985733199
0.98690543
0.987925488
0.98881966

Chi Squared
0.0000005353
0.0000010107
0.0000000196
0.0000002134
0.0000000585
0.0000001300
0.0000001794
0.0000000007
0.0000000792
0.0000000334
0.0000002046
0.0000034952
0.0000024640
0.0000000395
0.0000000033
0.0000000422
0.0000000964
0.0000000276
0.0000000280

0.0000086611
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Embedded references Chi-squared verification.

Embedded References

Column 1: Reference count.

Column 2: Measured cumulative distribution.

Column 3: Expected cumulative distribution.

Column 4: Chi-squared verification

References

OCO~NOUITRWNE

Measured

0.814233001
0.93062306

0.965266015
0.979733091
0.987093418
0.991108438
0.993494693
0.995168972
0.996271071

Expected

0.814434554
0.930721998
0.965565465
0.979978211
0.987144397
0.991160824
0.99361014

0.995200559
0.996284648

Chi-square

0.0000000499
0.0000000105
0.0000000929
0.0000000613
0.0000000026
0.0000000028
0.0000000134
0.0000000010
0.0000000002

0.0000002346
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