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Abstract

Aviation and maritime administrations are looking for alternative ways to replace or complement current radar systems for surveillance purposes. The use of Global Navigation Satellite Systems (GNSS) together with an efficient, digital, radio link, appears to be a feasible method. This thesis looks at systems which combines a digital radio, a computer and a GNSS receiver, together with an algorithm for organization of a digital radio link.

The described system, combines the line-of-sight characteristics of VHF frequencies, very accurate timing from the GNSS receiver (or some other timing) and a self-organizing transmission algorithm, to create an efficient data link. The data link can be shared among a large number of stations. The algorithm is called Self-Organized Time-Division Multiple Access - STDMA. The purpose of the algorithm is to allow short transmissions (called bursts), from several stations, to be organized in time, so that transmission conflicts are minimized. The algorithm is self-organizing, which means that controlling, or polling functions, via master control, are not needed.

The thesis studies an environment, with geographically distributed and moving stations (such as airplanes or ships), all equipped with STDMA stations. Each station operates in its own VHF cell limited by line-of-sight. The STDMA algorithm can only provide partial organization of the communication link since the VHF cells only partially overlap. Some of the communication will create conflicts, which may reduce the overall throughput. A model, describing the dynamics of this system, is derived. This model is used in order to analyze capacity and throughput.

The STDMA system works very well in this dynamic environment, ensuring safe delivery of safety critical information to surrounding stations. It also handles overload very well, with gracefully reduced VHF cell size as a result.

The features, which make the system feasible for surveillance applications, are:

· time division multiple access (TDMA), which provides efficient use of the frequency resource,

· the self-organizing algorithm, which makes it possible to handle overload, and a constantly changing population of participating stations, and,

· strong discrimination of weaker signals, which promotes throughput and cellular operation.
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Preface
In the age of information it becomes important to efficiently communicate information. A wide variety of ways exist. One can use cable, fiber, satellites or why not regular mail? Information must generally travel over great distances. Satellites provide an efficient radio link for that. The radio medium becomes more and more important for digital communication. Take cellular mobile phones, for example. But, the radio medium is a very limited resource and therefore frequencies must be reused over and over around the globe. Depending on which frequency the communication uses, different characteristics apply to the way the information travels in the air. Some frequencies limit the information to travel by line-of-sight, thus enabling reuse quite often. Other frequencies allow it to travel around the globe. The application decides which characteristic is the most useful.

This thesis deals with digital radio communication in a line-of-sight environment. Information is communicated between geographically distributed stations, which generally also are moving at great speeds. Basic knowledge of frequency sharing using time division, multiple access, is an aid when reading the material.
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1 Introduction

Aviation and maritime administrations are currently investigating new technologies for use in modern surveillance systems. 

1.1 Current Surveillance Systems

Traditionally radar (RAdio Detection And Range) has been the cornerstone in surveillance systems. Two types of radar exists: primary and secondary. Primary radar sends out a high-powered radio signal, which may bounce back, after hitting a target. The time, between transmission and receipt of the return signal, indicates the distance to the target. Secondary radar requires equipment to be installed onboard participating vessels. This equipment will send a digital signal back to the transmitter when it detects the radar signal (generally a secondary signal, from a transmitter piggybacked on the primary radar antenna). The digital signal can contain an identifier and altitude, for example. Radar gives very little and often inaccurate information. The update rate is generally slow, since it is equal to the rotation rate of the radar dome. Partly due to the shortcomings of radar, aircraft are required to fly with great spacing. This introduces traffic delays, which is quite costly for commercial airlines.

1.2 Looking Ahead

A surveillance system, based on other means than radar, can introduce new benefits. Assume that each vessel can continuously determine its own position. A position sensor, such as a GNSS receiver can do just that. This position is then broadcast, in an orderly fashion, on a globally shared digital radio link. In this context, a digital radio link is one, or more, frequency channels, shared among several users. The sharing may be done, by dividing time into time slots, each slot being an opportunity to access the channel and transmit data. This type of system is independent of ground infrastructure (i e radar stations) and will work equally well all over the globe. It is a new application of digital radio communication. The demands on such an application are yet to be fully explored. The number of participating stations is unknown and constantly changing. In addition, the stations are constantly moving. The digital radio link must be able to handle overload situations without collapsing. Safe communication is important, since it shall be used in surveillance applications.

All of these environmental requirements must be considered prior to implementing an operational system. There have been made some attempts to specify the requirements on such systems, from a user point of view [RTCA 186].

1.3 Contributions

This thesis explores the environmental requirements based on the current technological developments within the maritime and aviation fields. Terms, such as capacity and throughput, are defined and quantified with respect to the use of Self-Organized Time Division Multiple Access (STDMA) in the surveillance application.

The results can be an aid in the continued work of developing standards and legislation for broadcast surveillance systems.

1.4 Contents

The thesis is structured in a main section and appendices. The main section presents some basic concepts, results, conclusions and discussion. The rational behind the results and conclusions can generally be found in the appendices.

2 Purpose and Problem Definition

2.1 Purpose

The purpose of this thesis is to…

· establish suitable definitions for the terms capacity and throughput,

· examine the dynamics and features of a data link based on STDMA,

· create descriptive models, which aid in quantifying capacity and throughput.

2.2 Problem Definition

The problem definition is: 

Taking into account the application environment, transmission characteristics and the ability to organize transmissions using STDMA, what capacity and throughput can be expected on the STDMA data link in surveillance applications?

This question requires a definition of the terms capacity and throughput.
2.3 Problem Domain

The problem domain deals with:

..the sharing of a digital VHF Data Link (VDL) for the purpose of surveillance applications.

When analyzing a VDL, a number of features can be taken into account.

Propagation of radio waves, packet protocol, modulation techniques, just to mention a few. It becomes necessary to narrow the problem domain. Emphasis is on the STDMA algorithm and the effects it has on capacity and throughput.

3 Method

The method is described, using terms and definitions from [Holme et al].

3.1 Scientific View

This work is based on practical experiences from the application environment (maritime and aviation) and anticipated future demands on surveillance systems. 

Several different VDL systems compete to be the future core of surveillance systems. Due to this, it can be assumed that available documentation is only partly objective in its character. Commercial and national interests appear to play a large role and thus influence the written material. A humanistic
 view is applied, in order to deal with this.

3.2 Scientific Method

A quantitative
 scientific method is used, though the results often have to be post-analyzed. Some source material must, however, be viewed using a qualitative
 scientific method.

3.3 Research Method

Case studies
, desktop analysis and simulations are used in the research work. A case study is merely a way to test derived equations and models in a scenario modeled after real life. The desktop analysis is based on radio communication theory and experiences from tests on existing equipment. Simulations are performed in order to study a specific behavior or feature. The simulations are thus not performed on a complete system model. All simulations are done using the C/C++ programming language.

3.4 Collection of Data

Since this field is little explored, primary
 data is predominately used. Primary data is derived by analysis and simulation. Secondary
 data is used in those cases when it can be verified to be applicable to the problem under study.

3.5 Reliability and Validity

Primary data dominates, and it is thus possible to state that the source is known. Personal experience from the application environment, as well as the technical environment should aid in establishing reliability. But, due to the fact that I am working at a company involved in STDMA technology, it is important, that all results are scrutinized, by others too. Results are therefore verified with two persons, both experts in radio communication. These persons are independent in the context that they have no relation to each other. Mr Lars Zetterberg is a professor at the department of signals, sensors and systems, at the Royal Institute of Technology. Mr Lennart Dreier is technical director at GP&C Sweden AB, a company working with STDMA technology (and the company asking for this analysis).

Validity is determined when the results are checked to fulfill purpose and problem definition.

3.6 Work Method

The work method is described in figure 3.6.a below:




Figure 3.6.a
3.6.1 Idea

The Swedish Civil Aviation Authorities (SCAA) has conducted tests, on a limited scale, as a proof of concept for the STDMA system. The SCAA has also performed simulations on a European traffic scenario [Frisk et al] [PMEI].

It was discovered, however, that no one had made an analysis, simulation or test, which modeled the STDMA system in high density, traffic situations. Since the system is a candidate for future surveillance applications, this scenario is the foundation for the analysis work. The idea is to describe the behavior of the STDMA system in the surveillance application. The primary work was to be done as a desktop analysis, supported by simulations of isolated features, requiring more thorough investigation.

3.6.2 Formal Procedures

The idea is transferred into a purpose and problem definition. The problem domain is defined and narrowed. These initial results are then communicated to the university, for approval.

3.6.3 Research

The research started with a literature study. Books and articles about communication theory were studied, in order to find commonalties with the STDMA system. Documentation on surveillance systems, in general, was examined, for example [S. R. Jones]. STDMA related documentation, such as analyses, simulation reports and descriptive texts, were also part of the literature study. With own personal experiences and new basic knowledge about the problem domain, the analysis was divided into areas of interest. Each area was then examined separately and presented in an appendix. A desktop analysis was conducted. Output from the analysis was verified by simulation in C/C++ unless, the output could be verified by reasoning, or comparison with documentation.

3.6.4 Documentation

The documentation is produced by first documenting each interest area in an appendix. Based on purpose and problem definition, the chapter on results, is derived. The rest of the thesis was then assembled progressively.

4 Basic Concepts

This chapter, gives a brief description of surveillance systems, defines commonly used terms, and describes some different technologies which are used in surveillance systems.

4.1 Surveillance Systems

Traditionally, surveillance systems have relied heavily on ground infrastructure. This is the case with radar systems for aviation ( i e Air Traffic Control - ATC) and marine Vessel Traffic Service centers (VTS). A surveillance system can encompass radar, voice communication, automated information services and navigational aids.

4.1.1 Purpose

The main purpose for having surveillance systems, is enhanced safety for personnel and materiel, but environmental issues are also important. Transportation of humans and goods have an impact on the environment, which must be minimized. A well functioning surveillance system will help to avoid traffic conflicts and possible disasters. It may also allow vessels to travel a more direct route and thus using less fuel. Unfortunately, due to the shortcomings of current systems, the opposite often occurs. The vessels must follow assigned detours, since the surveillance system lacks coverage in certain regions.

4.1.2 New Systems

New technology is readily available for implementation as a replacement or complement to radar. Global Navigational Satellite Systems (GNSS), such as the GPS (controlled by the USA) or GLONASS (controlled by Russia) allow a vessel to establish its own position anywhere on the globe. A position sensor, such as a GNSS receiver, is needed. A vessel can be equipped with a system which continuously receives its own position, from the position sensor, and then repeatedly broadcasts it on a VHF data link. This concept works globally, regardless of ground infrastructure.

In the aviation environment this is called Automatic Dependent Surveillance Broadcast, or ADS-B. In the maritime environment, this is called Automatic Identification System, or AIS. These systems are called Broadcast Systems in this document.

A broadcast system supplies communication, navigation and surveillance (commonly called the CNS concept) to the user.

4.1.3 Standardization Process

Both the aviation and maritime community has acknowledged the need for new technologies in order to meet the traffic demand of the next century. Great effort is spent to derive standards which define the behavior and use of broadcast equipment.

In the International Civil Aviation Organization (ICAO), the Aeronautical Mobile Communication Panel (AMCP) is working on a draft Standards and 

Recommended Practices (SARPS) called VDL Mode 4 [ICAO AMCP].

The International Maritime Organization (IMO) is the maritime equivalent of ICAO. IMO has specified draft performance standards [IMO Nav 43] for a Shipborne Universal AIS. 

In both of these processes, the GP&C system (see appendix A) has had great influence. Contributions, well worth mentioning, are Time Division Multiple Access (TDMA), for transmission synchronization, and the self-organizing algorithm (STDMA) for sharing and organization of the VHF data link.

4.2 Organization

For the purpose of data link communication, the term organization has a special definition:

The process, in which stations select their transmission schedule, adhering to other stations, while avoiding and resolving transmission conflicts.
This definition implies that the data link is shared among several independent stations.
4.3 Modes of Operation

The data link can be categorized based on its mode of operation, which is defined as: 

the method used in order to create a transmission schedule for repetitive transmissions.

The figure below illustrates the different modes of operation:




Figure 4.3.a
The mode of operation applies to transmission of repeatable character, such as position information.

It means that, while one mode is used for continuously transmitting position reports, another mode can be used for transmission of other information.

4.3.1 Autonomous Mode

In the autonomous mode of operation, each individual station is responsible for organization, and thus determines its own transmission schedule. Two techniques can be distinguished in autonomous mode: self-organized and random mode.

4.3.1.1 Self-Organized Mode

A station, which determines its own transmission schedule, based on some intelligent algorithm, is operating in a self-organized mode. This algorithm schedules transmissions, based on prior knowledge, of future activities, on the data link. It will organize the transmissions in order to avoid transmission conflicts, and to quickly resolve conflicts when they do occur. The primary mode of operation, in the STDMA system,  is self-organized mode but, it can also be put into an assigned mode (see section 4.3.2.2). 

4.3.1.2 Random Mode

A station, which determines its own transmission schedule on some algorithm, disregarding current and future data link traffic, is operating in random mode. In this mode, the station will schedule its transmissions purely based on randomization around some given criteria. It will transmit even though other stations might be doing the same simultaneously. Mode S Squitter [V. Orlando et al], Pure Aloha and Slotted Aloha [G. Maral et al] are examples of systems which operates in random mode. Conflict resolution is based on random behavior which statistically ensures that, at least some transmissions, will be successfully received. 

4.3.2 Controlled Mode

In the controlled mode, a master is responsible for scheduling transmissions. Some systems may use a quasi-controlled mode, in which a station assumes control, based on some criteria, in lack of a master. Even though advocates of such systems may argue that they operate in autonomous mode, they are in fact operating in controlled mode since scheduling is controlled by one station; the current master. One example of a quasi-control system, is the AIS CS/TDMA system [MCC].

4.3.2.1 Polled Mode

The polled mode is a controlled mode, where the master interrogates other stations. One interrogation results in one, or more responses. If a station is not interrogated, it remains silent. The radar system operates in polled mode since the radar interrogates and receives a response in the form of an echo and a secondary radar response.

4.3.2.2 Assigned Mode

The assigned mode is a controlled mode, where the master assigns a transmission schedule to other participating stations. This schedule is generally valid for a limited time, after which the master must re-assign the schedule. The assigned mode is more efficient than polled mode since one transmission, from the master, results in a transmission schedule, which will operate for quite a while. The STDMA system can operate in assigned mode. 

The GSM system, for cellular mobile phones, is an example of a system, which operates in assigned mode.

4.4 Synchronization

The STDMA system shares the data link by dividing time into slots (Time Division Multiple Access - TDMA). A position report fits into one slot. A set of slots is grouped in a frame. A frame is one minute long. The term synchronization is thus defined as:

The process, in which a station aligns itself in time, with other stations, in order to enable Time Division Multiple Access to the data link.

A very accurate source, for synchronization, is the 1PPS pulse from a GNSS receiver (see Appendix A). Other sources can also be used. Stations can synchronize their clocks to transmissions from semaphore stations. The semaphore station is responsible for providing timing simply by transmitting some synchronization message at specific intervals.

The semaphore scheme uses elaborate algorithms in order to select semaphore and to maintain synchronization [IALA].

4.5 Capacity

Capacity is defined as:

Measurement of how many stations the system can handle, and how well it handles overload.

In a TDMA system, it is quite easy to calculate how many stations that can be simultaneously handled. Assume that each station has a given report rate (RR), in transmissions per minute. One minute is equivalent to a set of slots (SL). The number of possible stations is then SL/RR. This, however, is only partly true. The reality is more complex.

A surveillance system can not have restrictions which specifies a maximum number of stations. The system must be able to handle overload (i e more slots required than currently available), and to adapt to the traffic, in a controlled and safe manner.

4.6 Time Frame and Time Slots

A TDMA system divides the communication channel in time, by first specifying a frame. The STDMA frame is one minute long. The start of a frame can be different between stations, but all stations strive to coordinate the frame start to Coordinated Universal Time (UTC).

The frame is divided into time slots. The start of each slot is an opportunity for a station to transmit. The slot start shall be the same for all participating stations. The current time slot, is the slot in which a station currently is receiving or transmitting. All stations are thus always at the same current slot, though they may have numbered it differently because the frame start differs.

4.7 Report Rate

Each station will transmit its position at some given time interval. The report rate is specified as the number of transmitted reports per minute. The report rate may differ between stations. Depending on factors such as speed or change of course.

There are two types of report rates:

· Nominal report rate, which is defined as the report rate currently used by a station (or transmission attempts in a given time interval).

· Net report rate, which is the experienced report rate (or successfully received transmissions) at a receiving station. Due to slot reuse, and other disturbances, a station may receive less reports than actually transmitted. 

The net report rate may vary even though the nominal report rate remains fixed.

4.8 Net Throughput

Net throughput is defined as:

The relation between a nominal report rate, output by a transmitter, and the experienced report rate, from that same transmitter, at a receiver.

The net throughput can be derived, by dividing the number of successfully received transmissions, with the number of transmission attempts. This assumes that one transmission occupies exactly one slot.

4.9 The STDMA Algorithm

The Self-Organized Time Division Multiple Access (STDMA) algorithm enables a self-organized autonomous mode of operation. A brief description follows below, based on information from [IALA].

4.9.1 The Comm State

Each station will continuously broadcast its position using a transmission packet, which occupies one time slot. The time slot is selected using STDMA. In addition to the position, the transmitted packet will also contain a Comm State. 

The Comm State contains information, which states the intention of the STDMA algorithm:

· Slot Time-out, which indicates how many more minutes the slot will be occupied.

· Slot Offset, a relative offset to the next slot to be used the following minute. The slot offset is ignored unless the Slot Time-out is zero.

4.9.2 Initialization Phase

When a station first powers up, it will begin an initialization phase, which takes one minute. During this minute, the station will monitor the data link to determine channel activity, other, participating, stations and current slot assignments. After the first minute, the station enters the Network Entry Phase.

4.9.3 Network Entry Phase

During the network entry phase the station selects its first transmission slot and prepares to make itself visible on the data link. 

It first determines its Nominal Increment (NI). The NI is equal to the number of slots per minute divided by the desired report rate.

To select the first transmission slot, the station selects a Nominal Start Slot (NSS). The NSS is randomly selected from the current slot and NI slots ahead in time. 

After this, a Selection Interval (SI) is determined. The SI is always 20% of NI and placed so that the NSS is in the middle.




Figure 4.7.3.a
A slot is randomly selected within the SI. This slot is checked to see if it is available for use. If not, the adjacent slot to the left and right is checked. This process is continued until an available slot is found within SI. There shall always be a set of available slots. If the link is approaching maximum capacity, slots are reused from stations at the greatest distance, from the own position.

The selected slot becomes the Nominal Transmission Slot (NTS).

Upon reaching the NTS, the First Frame Phase is entered.

4.9.4 First Frame Phase

During the first frame phase, the station continuously allocates its nominal transmission slots (NTS) and transmits its position. Each NTS is allocated a unique slot time-out between 4 and 8 minutes.

Upon reaching the first NTS, a new Nominal Slot (NS) and NTS is selected for the following transmission. The NS is selected by adding NI to the NTS (or the latest NS, as applicable).




Figure 4.7.4.a
A new SI is placed around the NS and the NTS is allocated as described previously.

This process is continued until one minute has elapsed and the initial NSS is approached again. At this stage the station enters the Continuous Operation Phase.

4.9.5 Continuous Operation Phase

In the Continuous Operation Phase, the station transmits in the allocated NTS’s and decrements the slot time-out. When the time-out reaches zero, a new NTS is selected within the SI as described above. The relative offset (slot offset) is inserted into the position report packet and transmitted so that receiving stations are made aware of the intentions.

This phase is maintained until the system is shut down, enters assigned mode (see section 4.3.2.2) or changes reporting rate.

5 Results

The results, presented in this chapter, are described in details in chapter 8, Appendices.

5.1 Transmission Characteristics

This section is based on the analyses described in Appendix B.

5.1.1 Power Dissipation

This analysis examines the factors, which affect the range of radio waves in space (for details, see 8.2.2), omitting such factors as terrain and atmospheric effects. This is a desktop analysis based on available theory on the subject.

Given the characteristics of the GP&C transponder system (see 8.2.2.3), the following equation is derived:




Symbol
Unit
Description

PR
Watt
Minimum required power at the receiver

PT
Watt
Output power at the transmitter

G
Decibel
Antenna gain. Transmitter and receiver are assumed to have the same gain.

R
Meter
Resulting range.

Table 5.1.1.a

The following values are inserted into the equation:

Symbol
Value

PR
10-14 Watts.

PT
5 Watts.

G
-5 dB (equivalent to 10-0.5)

Table 5.1.1.b

The resulting range (R) then becomes 1125 km (608 nm). With a gain of -15 dB, the range becomes 113 km (61 nm) or 1/10 of the range at -5 dB.

The gain greatly affects the result. It shall be noted that only gain in a horizontal direction is considered. The gain in vertical direction is generally much less, but considering the surveillance application, that is of little importance. Stations are generally spread in the horizontal plane to such an extent, that the vertical plane can be neglected. This is especially true in maritime environments, where the vertical separation is virtually nil.

5.1.2 Radio Propagation

This analysis examines how the radio waves propagates through the atmosphere, considering frequency characteristics and terrain (for details, see 8.2.3).

Radio waves, in the Very High Frequency (VHF) domain (30 to 300 MHz), primarily travel as space waves (i e the most prominent path is a direct line between transmitter and receiver). 

The radio waves thus have line-of-sight reach. To calculate the farthest distance between two stations, the following equation is derived:




Symbol
Unit
Description

D
km
The maximum distance between two stations.

h1
meter
The height above mean sea level (MSL) for the antenna of station 1.

h2
meter
The height above mean sea level (MSL) for the antenna of station 2.

Table 5.1.2.a

5.1.2.1 Aviation Environment

In the aviation environment, the coverage is studied depending on a sub-environment (see section 8.2.3.5.5) as listed below:

Sub-environment
Min
Max

Enroute
3,000 m
20,000 m

Terminal
1,000 m
3,000 m

Airport
5 m
1,000 m

Table 5.1.2.1.a

Each sub-environment has a minimum and maximum altitude. It can be assumed, that the height of an aircraft, is equal to the height of the antenna.

A base station, positioned at 20 meters MSL, will have the following range:

Sub-environment
Min
Max

Enroute
213 km
525 km

Terminal
130 km
213 km

Airport
24 km
130 km

Table 5.1.2.1.b

Mobile stations (i e aircraft) flying at equal altitudes, will have the following range:

Sub-environment
Min
Max

Enroute
394 km
1018 km

Terminal
228 km
394 km

Airport
16 km
228 km

Table 5.1.2.1.c

5.1.2.2 Maritime Environment

In the maritime environment, altitude can only be affected by the height of the antenna. For these reasons, it is assumed that a base station antenna is positioned at 150 meters above mean sea level (MSL). The antenna, of a ship, is positioned at 30 meters MSL. Based on this:

· The base station will then have a range of 64 km (34 nm).

· Two mobiles will come into range at a distance of 39 km (21 nm).

5.1.3 Discrimination

This analysis examines how well transmissions are received in situations where conflicts occur (i e several stations use the same time slot). For details, see section 8.2.4. The analysis is based on laboratory and practical tests described in appendix B.

The analysis show that the power ratio (i e the difference in power between two interfering stations) affect the capability of a receiver to successfully receive one of the transmissions.

If it is assumed that, all participating stations, radiate the same transmit power, The power ratio can be converted into a distance ratio. The following equations are used for this:

PR = 20 log( DR )
[Eq B.11]




Symbol
Description

PR
Power Ratio. Specified in decibels (dB).

DR
Distance Ratio.

Table 5.1.3.a

The radio signal is modulated, using Frequency Modulated, Gaussian Minimum Shift Keying (FM/GMSK). This modulation technique results in a worst case power ratio of 5 dB (see 8.2.4.5.1). This equates to a distance ratio of 1.8.

For the purpose of further analysis, the power ratio will be assumed to be 6 dB, and thus the distance ratio is 2.0.

This can be illustrated with the figure below:




Figure 5.1.3.a
The term garble means, that neither station is successfully received by Rx. When one station is successfully received, that station is said to have discriminated the other.

5.2 Propagation and Slot Boundaries

This section is based on the analyses described in Appendix C and is a desktop analysis, supported by simulation in C/C++, of specific behavior. See the appendix, for details.

Radio waves propagates through the air, roughly at the speed of light (300 meters per microsecond). This is accounted for in the time slots, by a propagation buffer. This buffer ensures integrity, for the transmitted packet (called guard distance), for up to 370 km (200 nm). This is approximately 1/3 of the theoretical range in free space (see section 5.1.1). The STDMA system allows a transmission to overlap slot boundaries, but it could be a cause of transmission conflicts with stations, transmitting in adjacent slots.

When conflicts do occur due to propagation overlap, they will always result in discrimination (see section 8.3.6.2), whereby the closer station is successfully received.

When the required capacity approaches the theoretically maximum available, the cell size is reduced, and stations outside the guard distance are always discriminated.

5.3 Synchronization

This section is based on the analyses described in Appendix D, and is a desktop analysis, supported by simulations of specific behavior. See the appendix for details.

It describes the dynamics of a system, which resorts to other means of synchronization, than the primary source (such as the 1PPS from a GNSS receiver). The assumptions are based on requirements found in the VDL Mode 4 draft SARPS [ICAO AMCP].

5.3.1 Synchronizing to a Base Station

It is assumed that base stations always have access to a primary time source with an accuracy of 1 microsecond and, that they can provide own position with high accuracy.

The analysis show that a synchronization jitter of approximately 13 us is introduced, when synchronizing to transmissions from a base station. This is equivalent to 3.9 km. The guard distance is thus reduced by approximately 1%.

In the maritime AIS system, the requirement on timing sources is less stringent. The cell size is always restricted by line-of-sight distances, which are around 64 km or less (see 5.1.2.2 above). This is only 20% of the guard distance.

5.3.2 Synchronization to a Mobile Station

It is assumed that mobile stations always have access to a primary time source with an accuracy of 1 microsecond, but only have access to own position with low accuracy.

The analysis show that a maximum jitter of 15 us is introduced. This is equivalent to 4.5 km. The guard distance is thus reduced by approximately 1.2%. This is only slightly less than when synchronization is derived from base stations.

5.3.3 Floating Network

A floating network exists when all participants on the data link have lost their primary time source and must adopt to some sort of fallback mode for time synchronization.

5.3.3.1 Base Stations Available

It can be assumed that base stations know their position (it is always fixed and has been surveyed), and also have access to an independent primary timing source. If mobiles can receive base stations, the situation is identical of the one found in 5.3.1 and thus those result apply.

5.3.3.2 True Floating Network

When a population of mobile stations have lost primary time source and are unable to receive transmissions from base stations (such as over an ocean) all sources of time are lost. This is a true floating network.

5.3.3.2.1 Synchronized and then Loosing Timing

If a station has been fully synchronized to the primary time source and then suddenly loses it, it will maintain a very accurate synchronization for quite some time. A design which drifts approximately 3 us per minute is realistic to achieve [GP&C/S 2]. If a station maintains a lost sync state for an extended period of time, the cell radius will gracefully be reduced. Assuming, in worst case, that transmissions, in adjacent slots, drift in opposite directions, the system will still be operable for an additional 3 hours, or more.

5.3.3.2.2 Primary Time Source is Unavailable

If it is assumed that the system lacks the very accurate, primary time source (such as the 1PPS provided by a GNSS receiver), the system must rely totally on some sort of fallback mode. Appendix D examines a method, whereby all stations perform arrival time measurements of received transmissions. The arrival times are then used in order to derive an average transmission time, which is then used for own transmission. 

The analysis show that, for one population, all stations will strive towards a common transmission start time, and thus float in time with very little timing jitter and small overlaps in time slots.

Even if two separate populations are allowed to merge, they will tend to strive towards a common, floating  time base.

5.4 Organization

This section is based on analyses described in appendix E and is a pure desktop analysis, based on the results from previous sections. The method of organization, provided by the STDMA algorithm, is examined to see how well it operates in an overloaded system and how it works together with other features of the STDMA system (such as discrimination).

5.4.1 The VHF Cell

For purpose of analysis, the VHF cell is approximated as a cylinder, with its radius extending to the horizon or, to the range given by link budget.




Figure 5.4.1.a
The horizontal distribution is far greater than the vertical. Therefore, the vertical distribution is disregarded.

Since the stations are distributed geographically, each VHF cell is unique. This reduces the ability of the STDMA algorithm to maintain organization.

5.4.2 Slot Reuse

In a cellular system, the frequency resource is shared and reused. The sharing is in time, using time slots. Reuse is performed when two or more stations use the same time slots for transmission. Two types of slot reuse can be distinguished in the STDMA system:

Automatic slot reuse, where two or more stations, unintentionally attempt to use the same time slot for transmission. The stations are unaware of each other’s action.

Intentional slot reuse, where stations reuse time slots, known to be reserved by other stations. The decision to reuse the time slots, is based on distance from own position.

5.4.3 Garble and Discrimination

Intentional and automatic slot reuse can produce one, of two results, at a receiving station:

· Garble, where none, of a number of transmissions in a time slot, was received correctly at a receiver.

· Discrimination, where one, of a number of transmissions in a time slot, was received successfully at a receiver.

Distance ratio is used when determining whether slot reuse results in garble or discrimination. The distance ratio can be converted to a power ratio, which is assumed to be 6 dB. This equates to a distance ratio of ½ (see also Appendix B).

5.4.4 Remote Area Operation

In remote areas, there is little, or none, data link communication. Studying two vessels approaching each other, shows, that the probability of transmission conflicts, is extremely small.




Figure 5.4.4.a
The probability of n consecutive transmission conflicts is:

P(n conflicts) = 1 / [( SL-SI )( SI )n ];
[Eq. E.8]

Assuming that the Selection Intervals (SI), of both stations, overlap completely.

When the overlap is partial, the expression below can be used (courtesy of Professor Lars Zetterberg):

P(conflict) = [(2nS)/(SI)2n + ½(SI)n-1]/(SL-SI);  [Eq. Ad.7] 

In an example, with 2250 slots per minute, and an update rate of 12 reports per minute, the probability of 3 consecutive transmission conflicts is 2 * 10-7, or less. In other words: the probability of detection during this time is 99.99998%.

The example above shows that, even though two stations are within VHF coverage, the actual detection may be delayed somewhat. This can be visualized by a modified VHF cell. At high speeds, the cell is compressed in front of the stations.




Figure 5.4.4.b
A transmission conflict is resolved after 4 minutes, on average. The conflict is isolated to a slot. Therefore, the receiving station will experience a reduced report rate, rather than 100% garble.

5.4.5 High Data Link Load

The data link is saturated when the required number of time slots is equal to, or higher than the available. Under these circumstances more slots may generally be needed than currently available, and slot reuse will take place.

5.4.5.1 Distribution

The primary results, presented in this section, are based on the assumption that participating stations are evenly distributed in space. Should this not be the case, the results will be affected (see also section 5.4.5.3).

5.4.5.2 Throughput Zones

A receiving station (R) is in the middle of a population of transmitting stations. Based on the distance between R and a transmitting station, the net throughput will vary, resulting in varying net report rate.

Three throughput zones can be identified:

1. the Aloha Zone,

2. the Discrimination Zone, and

3. the Protected Zone.




Figure 5.4.5.1.a

5.4.5.2.1 The Aloha Zone

The Aloha Zone (column A in the table in figure 5.4.5.1.a) stretches from r to r/2. Any time stations, within this zone attempts to reuse the same time slot, garbling will occur at R. The receiving station (R) will experience, that the transmitting stations,  exercise slotted Aloha behavior. With an increase in required capacity, the time slot reuse is increased. Since this results in garble, the net throughput is decreased proportionally. Figure 5.4.5.1.a shows how net throughput is decreased with an increase in required capacity (see table at bottom of figure).

5.4.5.2.2 The Discrimination Zone

The Discrimination Zone (column D in the table in figure 5.4.5.1.a) stretches from r/2 to r/3. Within this zone, transmissions, in reused time slots, may result in garble or discrimination. The net throughput is increased, at R, as a transmitting station moves from r/2 towards r/3. Stations within the Discrimination Zone are able to receive each other, and are thus STDMA organized. Slot reuse then only occurs in time slots used by stations in the Aloha Zone. In figure 5.4.5.1.a, the table does not indicate a net throughput, but only a dash. The dash simply means that the net throughput is changing from the value in column A towards the value in column P.

5.4.5.2.3 The Protected Zone

The Protected Zone (column P in the table in figure 5.4.5.1.a) stretches from r/3 to 0 (zero). Within this zone, all stations are STDMA organized. Slot reuse will occur in slots used by stations in the Aloha Zone. Each time slot reuse occurs, it will result in discrimination, thus allowing closer stations to have 100% net throughput. The protected zone ensures good throughput between stations, which are close to each other.

5.4.5.3 Intentional Slot Reuse

It is assumed that a station will apply intentional slot reuse when all time slots appear to be reserved. Since some automatic slot reuse result in garble, a station will not detect that the data link is used to its maximum capacity until it has been overloaded to a certain amount.

There is a relationship between the required capacity and the perceived load. If it is assumed that all stations are uniformly distributed, the table below shows this relationship. The calculations are based on the throughput analysis in appendix E. It can be noted that the data link would have to be overloaded by approximately 700%, before intentional slot reuse starts to occur.

Required Capacity (%)
Perceived Load at R (%)

10
9

50
33

100
46

150
50

200
53

300
56

400
65

500
77

600
87

700
100

Table 5.4.5.2.a
At 700% required capacity, the effective cell radius has, since long, shrunk to r/2 (the net throughput, in the Aloha Zone, is only 1% at 500% required capacity already).

In the example above, the Aloha Zone will contain 75% of all stations, the discrimination zone will contain 14% and the protected zone 11%. If the distribution is the opposite, the perceived load would be 100% already when the required load is approximately 110%.

5.4.5.4 The Hidden User Scenario

The hidden user scenario, assumes that a station, has been isolated from all other traffic, and then suddenly reappear. This could be the case when a station is behind an obstruction where the VHF signals can not reach. When it appears, it is completely unorganized. Assuming that the appearing station is inside the protected zone, it will cause garble when reusing time slots from others within r/2 of R. It will discriminate others.

At the receiving station, the net throughput will be approximately 75% of nominal, assuming 100% required capacity. This reasoning is based on the fact that the protected and discrimination zones cover 25% of the whole VHF cell.

5.4.6 Assigned vs Autonomous Mode

The results, so far, have assumed autonomous operation using the STDMA algorithm. It is possible to achieve 100% throughput within all throughput zones, by allowing R  to become a controlling base station. As a controller, R will assign a transmission schedule to all transmitting stations. This way, R will be responsible for resolving transmission conflicts. There are penalties associated with this.

5.4.6.1 Data Link Management

The controlling station must be allocated data link capacity for controller management. It must be able to transmit an assignment message, containing the transmission schedule, for each individual station.

5.4.6.2 Invisible Newcomers

If the data link is used to its maximum capacity, a new station, entering the cell, will be invisible to R until it reaches r/2.




Figure 5.4.6.2.a
The reason being that all stations are now organized. The arriving station will reuse slots for each of its transmissions. While inside the Aloha Zone, the reuse results in garble 100% of the time. Important to notice, though, is that the station will be visible to other stations in its own vicinity.

This situation can be avoided by always having some spare capacity available.

5.4.6.3 How to Handle Overload

Since a controlled scenario must have spare capacity, overload is difficult to accommodate. The only way to handle that, would be to assign a lower reporting rate, as the required capacity is increased. This does not make sense, since a high report rate is desired when the traffic density is high.

5.4.6.4 Multiple Controllers

Assuming that a ground infrastructure exists, with controlling base stations. The base stations have partially overlapping VHF cells.




Figure 5.4.6.4.a
Coordination is necessary, if 2 or more controlling base stations are involved. Otherwise, stations in the overlapping region, could not be assigned slots so that both R1 and R2 successfully can receive them. Furthermore, stations in the vicinity will experience reduced throughput.

The only way to handle the overlapping area, will be to split the time slots between R1 and R2 (R1 would have access to 50% and R2 the other 50%). If a third base station would be involved, the split would have to be three ways. The result is, that there will be available capacity, which can not be used.

5.4.7 Ground Infrastructure

A control center, such as a VTS or an ATC, wants  good throughput within its coverage area. This can be achieved in two ways, using stacked stations, or satellite stations. The two, can be combined as feasible.

5.4.7.1 Stacked Stations

By stacking stations, at the control center, and giving each stations a sector, the frequency resource can be reused. The sectors are created by the use of directional antennas. 




Figure 5.4.7.1.a

Each station will only receive transmissions from the sector covered by the directional antenna. There will be some overlap in adjacent sectors. This overlap adds redundancy, and thus safety, to the system.

The output, from the stacked stations, is input to a concentrator, which removes duplicate information prior to forwarding it to the control center. Each stacked station will have improved throughput in its sector. The net result is overall better coverage and throughput at the control center.

5.4.7.2 Satellite Stations

By connecting, geographically distributed stations, via a wide area network (WAN), the frequency resource can also be reused.



Figure 5.4.7.2.a

This scenario results in redundancy, since the VHF cells overlap partially. The concentrator removes any duplicates prior to sending the information to the control center. Each satellite station will have good throughput in its vicinity. The net result is better overall coverage and throughput at the control center.

6 Conclusions

6.1 Fulfillment of Purpose and Problem Definition

The purpose of this thesis has been fulfilled since:

· the terms capacity and throughput have been defined,

· the dynamics and features, of the STDMA system, have been explored to great extent,

· descriptive models for capacity and throughput, have been derived.

The problem definition has been answered since it is now possible to determine capacity and throughput, given a specific scenario. It is important, though, to consider the assumptions made in order to derive the analysis model.

6.2 Transmission Characteristics

6.2.1 Radio Wave Propagation

The limiting factor when determining cell radius, restricted by radio wave propagation, is line-of-sight. In the results, the power dissipation resulted in a theoretical range of 1125 km. The maximum line-of-sight distance was 1018 km (2 aircraft at 20,000 meters). Two aircraft would have to fly higher than 20,000 meters for the cell radius to be restricted by power dissipation due to radio propagation.

The line-of-sight characteristic of VHF, is crucial in an autonomous and cellular system. The cells are primarily restricted by line-of-sight, thus allowing reuse (multiplexing) of the frequency resource.

6.2.2 Discrimination

Discrimination is a key feature in an autonomous, cellular system and it cooperates with the line-of-sight characteristic to promote cellular operation.

The STDMA system has been analyzed with a power ratio of 6 dB (equates to a distance ratio of 2.0). This discrimination behavior depends on the following features:

· Frequency Modulation (FM). FM is a robust method of modulating a radio signal, compared to Amplitude Modulation (AM), for example.

· Gaussian Minimum Shift Keying (GMSK). GMSK is a robust method of modulating data. One symbol equals one digital bit. It works very well with FM to produce a robust radio signal. Forward error correction is not needed.

· Packet Protocol. The packet protocol is based on the High Level Data Link Communication (HDLC) packet structure. The use of unique flags and bit stuffing enables the system to easily detect the start of a packet even while another packet is being received. The bit stuffing removes the need for bit scrambling.

· Data Encoding. Non-Return to Zero Indication (NRZI) is used when encoding data. This works by giving a change in polarity when a digital zero is encountered in the data stream. NRZI allows the radio signal to average around a stable carrier.

· Time Division Multiple Access (TDMA). TDMA ensures transmission integrity over large distances and reduces the probability of transmission conflicts (compare pure and slotted Aloha [G. Maral et al]).

· Bit Rate. Assuming that the channel bandwidth shall remain at 25 kHz [IALA] [ICAO AMCP], the used bit rate affects discrimination. A higher bit rate will reduce the ability of strong discrimination.  

Discrimination enables reuse of the frequency resource, even though stations are within line-of-sight. The strongest received signal can still be successfully received.

A low power ratio reduces garble and thus promotes throughput.

6.3 Propagation and Slot Boundaries

The STDMA system can handle transmissions from stations at distances greater than the guard distance (370 km). As the required capacity increases, more and more of the distant transmissions are discriminated, thus reducing the cell size of the receiving station.

A conflict, due to slot overlap, caused by propagation delay, will always result in discrimination of the farther station(s).

This fact is desirable in a cellular system such as STDMA.

6.4 Synchronization

Using fallback modes for synchronization, allows stations which lack accurate timing, to participate in the STDMA system anyway. 

When the GNSS system fails, the STDMA system will degrade gracefully, allowing the participating stations to enter into a floating network gradually.

The analysis, in appendix D, examines two merging populations. This may very well work fine, but the scenario becomes quite complicated when additional, independent populations merge.

6.5 Organization

The STDMA system thrives on cellular operation and slot reuse. The STDMA algorithm cooperates with strong discrimination to provide a protected zone close to each individual station. This zone ensures slot integrity and safe delivery of time critical information.

6.5.1 Remote Areas

In remote areas, with little data link traffic, the probability of transmission conflicts, is very small. If a conflict should occur, it will be isolated to one slot. Since position reports are repeatedly transmitted, the same, or similar, information is transmitted over and over again, in other slots. This makes an isolated transmission conflict non-critical.

6.5.2 High Data Link Load

The three throughput zones (Aloha, Discrimination and Protected zone) automatically adjust the net report rate. At long distances the net report rate is low. As the distance is shortened, the net report rate is increased. This is achieved without any change of nominal report rate. This behavior is desired, since a distant station is less of a threat than a close station.

As the data link overloads, the VHF cells shrink. The size, of protected zone, is maintained until the data link overloaded by almost 700% (assuming even distribution of stations). When intentional slot reuse is applied, the protected zone shrinks to r/9.

Assuming that all stations report 12 times per minute, 700% equates to 2625 stations within the region covered by the VHF cell (2 channels using 2250 slots per minute). Since the throughput from the Aloha zone, is zero, the cell radius is down to r/2 with 656 stations visible to the receiving station (25% of the whole region). Of these 656 stations, 291 stations have a net report rate equal to the nominal report rate (i e 12 reports per minute).

6.5.3 Operating Modes

A surveillance system must allow overload, by gracefully degrade in a safe and controlled manner. By using autonomous mode, all stations can maintain their report rate, even when the data link is overloaded. 

The primary mode of operation should always be autonomous. Assigned mode should only be used when a controlling authority wants to ”highlight” a specific traffic situation.

6.5.4 Ground Infrastructure

The ground infrastructure should be designed and based on autonomous mode. Factors, to take into account, are traffic density, geography and desired throughput. A control center can monitor a large area, not limited by a single VHF cell. Mobile stations can operate within the control area, regardless of how the ground infrastructure is designed.

7 Discussion

7.1 Autonomous Operation

During 1994, the Swedish CAA conducted a live test at the Landvetter Airport. The test included approximately 35 vessels, equipped with GP&C transponders, and one base station. The test proved that autonomous operation was possible through the STDMA algorithm. In 1994, autonomous operation was a fairly unknown concept and met with some skepticism. In 1997, the IMO [IMO Nav 43] specified that the primary mode of operation shall be autonomous. It appears as if the importance of autonomous operation is now widely accepted. The results, from this thesis, underline that.

7.2 The Analysis Model

The analysis model assumes a smooth surface with evenly, geographically distributed stations. Altitude variations, between stations, are neglected. In reality, the traffic density will vary. Some areas will have very little traffic (in the middle of the ocean, for example), other areas will have a concentration of traffic (a harbor or an airport, for example). This will affect the dynamics of capacity and throughput.

The only way to study the dynamics, would be simulations where the traffic situation is allowed to vary over time. The net throughput will then vary with the traffic situation. The analysis model is still quite useful, though. When studying a specific region, based on a documented traffic density, that density could be increased. By doing that, a  worst case concentration, of vessels, can be assumed in the whole region. The results from such an analysis will be very conservative and certainly applicable in the whole region.

7.3 Common Issues

7.3.1 Transmission Conflicts

When stations are partially organized, the system will behave as a slotted Aloha system within the Aloha Zone. This behavior is desired since it allows transmissions to be successfully received even in an overloaded system.

Some other studies, such as [V. A. Orlando] and [R. E. Boisvert] have come to other conclusions. Orlando and Boisvert argue that a transmission conflict (i e a reused slot) will inhibit reception of the involved stations for 4 to 8 minutes. This, regardless of data link load. It appears as if they believe that a transmission conflict is propagated to all time slots, occupied by the involved stations. 

· A transmission conflict is only isolated to one time slot. The next transmission may very well be received successfully. 

· Should a conflict occur in a slot, it will be resolved in 0 to 8 minutes, not 4 to 8.

7.3.2 Garbling

Orlando and Boisvert also present results, showing that all transmissions, in the Aloha zone, result in garble, regardless of data link load. This is contrary to the results presented in this thesis. The Aloha system is well documented and understood. Maybe the similarities with the STDMA system, were not fully explored.

7.3.3 Propagation

The propagation buffer provides integrity for up to 202 nm. Should two stations be separated by a greater distance, transmissions will overlap into adjacent slots. Depending on the data link load, these transmissions may still be received. Orlando [V. A. Orlando] indicates that the slot overlap is a problem. On the contrary, this is the desired behavior of a cellular system. The cell size shrinks with increased load. A ground infrastructure will still cover a large area, by the use of interconnected satellite stations. This architecture shall be based on the anticipated traffic density in the region.

7.3.4 Modulation and Bitrate

The SARPS [ICAO AMCP] specify GMSK/FM and D8PSK for modulation. D8PSK is not a feasible modulation method due to its poor discrimination capabilities [L. Johnsson].

The GMSK/FM modulation is combined with a bitrate of 19.200 bps. It is important to produce equipment, which can operate at 19.200 bps and maintain a 25 kHz channel bandwidth. The anticipated power ratio is 7 dB [ICAO AMCP], but that must be validated. It may be necessary to relax the channel bandwidth requirements somewhat, in favor of strong discrimination. The environment must also be taken into consideration. Unwanted disturbances, such as interfering radio equipment and multi-path, must be considered.

7.4 Abnormalities

This thesis has only looked at the situation when primary time source is lost. Other abnormal situations may also occur. Transceiver failures which may disturb the communication are not covered, for example. A deeper study of this may result in the need to specify additional system requirements, in order to minimize the probability of abnormal behavior. 

8 Appendices

8.1 A - The GP&C System

8.1.1 Introduction

This appendix summarizes the GP&C system with respect to the problem it is trying to solve and its basic functionality. The GP&C system is an implementation of a broadcast system using STDMA.

8.1.2 Basic Assumptions

It is assumed that the patent [EPO] describes the key issues and, that current implementations of the system are based on the assumptions and requirements stated in the patent documentation.

8.1.3 Analysis 1: The Invention

8.1.3.1 Objective

The objective of this analysis is to analyze the patent in order to describe:

· the problem that the invention solves,

· the conceptual ideas of the invention,

· the implementation details of the invention.

8.1.3.2 The Problem

The GP&C system attempts to satisfy  communications requirements found in aviation, maritime and land-mobile environments. The common scenario, in these environments, is a population of independently moving objects with a need to exchange information (primarily position information). Base stations, which monitor the communication, can also be part of the scenario.

Radar (Radio Detection And Range) and voice radio is the traditional solution to this communication need. But, the need to communicate extends farther than the range of radar. Because of the limitations of radar, aircraft, for example, are required to fly dedicated paths, with certain spacing between them. This is expensive for the airlines and introduces delays because of heavy air traffic. The GP&C system operates autonomously, allowing two aircraft to exchange information anywhere on the globe. If this information is position information, the aircraft could monitor the traffic and decide its path based on cost and current traffic in the area. 

The maritime and land-mobile environments have similar needs.

8.1.3.3 Conceptual Ideas

This section describes the key concepts of the invention, as written in the Swedish patent.

8.1.3.3.1 Position Sensor

The system is described as a population of moving object which, all know their position by receiving signals from geographically distributed transmitters (GDT:s). The position of each GDT is known by the moving objects.

8.1.3.3.2 VHF Transceiver

Each moving object is equipped with a Very High Frequency (VHF) transceiver which is used in order to communicate the own position and other relevant information. All moving objects share a common frequency channel.

8.1.3.3.3 Time Base

The GDT:s, which are used for positioning, also provide a time base to the moving objects. The time base is used to divide the common frequency channel into time slots.

8.1.3.3.4 Channel Access

The communication channel is divided into a frame, consisting of a pre-defined number of time-slots.





Figure 8.1.3.3.4.a
Each moving object is able to autonomously allocate slots within the frame. The slots are then used by each moving object, to communicate the own position, and other, relevant information.

8.1.3.3.5 Cellular Concept

Each moving object operates in a communication cell. An object is primarily interested in other objects within its vicinity. The range of the radio wave shall thus be restricted. The system is recommended to use a frequency, which has line of sight restriction as its primary propagation characteristic. VHF frequencies are in the range 30 to 300 MHz [L Ahlin et al].

8.1.3.3.6 Slot Allocation

Slots can be allocated autonomously or via master control. When an object allocates slots autonomously, it will primarily select unused slots. If the data link is saturated, it will employ a slot reuse algorithm and reuse slots, occupied by objects, which are far away.

When a master is introduced, it decides which slots to use by other objects.

The slots are used in order to broadcast the own position. Each object will have a default transmission rate, which can be changed automatically or via master control. The criteria, for changing transmission rate, is not defined.

8.1.3.4 Implementation Details

This section describes how a GP&C system can be constructed, using existing technology.




Figure 8.1.3.4.a

Figure 8.1.3.4.A illustrates the main components of a GP&C transponder.

8.1.3.4.1 Position Sensor

Position information is generally provided via a satellite navigation system, such as Global Positioning System (GPS) or GLONASS. GPS and GLONASS are jointly called Global Navigation Satellite Systems (GNSS). A GP&C transponder contains a GNSS receiver as a position sensor.

8.1.3.4.2 VHF Transceiver

The GP&C transponder is equipped with a VHF transceiver which is able to operate on channels with 25 kHz spacing. The radio can be keyed and de-keyed within 1 ms.

8.1.3.4.3 Communication Processor

The communication processor is a computer, which co-ordinates the use of the communication channel. 

8.1.3.4.4 Time Base

The GNSS receiver provides a time base through its One Pulse Per Second (1PPS). This pulse is coordinated to Universal Time Coordinated (UTC).

8.1.3.4.5 Channel Access

The communication processor is connected to the VHF transceiver and the position sensor. The communication processor holds a virtual image of the time-slot frame in its memory. It will transmit the position information, from the position sensor, based on the timing information from the timing pulse (1PPS).

8.1.3.4.6 Cellular Concept

The VHF transceiver ensures that the cellular concept is fulfilled. Frequencies in the VHF band propagates with the characteristics of line of sight.

8.1.3.4.7 Slot Allocation

Slot allocation is controlled by the communication processor. It continuously updates the virtual frame image and allocates slots from free slots or reuses from stations, which are far away.

8.1.3.5 Comments

The unique feature, which makes the GP&C system possible to patent, is the synchronization mechanism. The GNSS system provides position information all over the globe. In order for the GNSS systems to work, time must be one of the dimensions. The GP&C system states that the time, from the same transmitters which give position, shall be used to synchronize the slots on the data link. Given this, a system scenario evolves. The scenario shows a globally functioning Communication, Navigation and Surveillance (CNS) system. This puts additional demands on the system functionality. The system must be able to operate autonomously, for example. The algorithm which allows an object to enter the system, resolve communication conflicts and share the data link resource, is a very important feature of the GP&C system. 

8.1.4 Analysis 2: System Design

8.1.4.1 Objective

The objective of this analysis is to:

…study the resulting system design based on the claims in the patent.

8.1.4.2 Global Nature

8.1.4.2.1 Global Signaling Channel

The system claims to be operable globally. A common frequency around the globe supports the global concept. The frequency is called the Global Signaling Channel (GSC). The system would work with a mix of frequencies too.

By implementing a data link administration telegram, objects could be instructed to change to local frequencies. This implies that some sort of controlling station is part of the scenario.

8.1.4.2.2 The CNS Concept

The system provides a globally functioning system for communication, navigation and surveillance. This is commonly called the CNS concept.

Communication is provided by the data link synchronized to UTC. 

Navigation is provided by, for example, the GPS system. 

Surveillance is the result of participating objects which communicate their position on the data link. The surveillance function can be extended so that an authority and, or company can monitor traffic from a central facility. This is achieved by connecting GP&C base stations in a wide area network (WAN). The connected base stations become a ground infrastructure. 

8.1.4.3 The Data Link

8.1.4.3.1 Time Division Multiple Access

The common frequency channel becomes a shared data link which is divided into time-slots. The data link is thus time divided. Since it also allows multiple access the link is called a TDMA link (Time Division Multiple Access). Access to the data link is given at the start of a slot, based on a slot selection algorithm.

8.1.4.3.2 Self Organized

The data link is organized so that a specified number of time-slots make up a repeatable frame. Each station can autonomously allocate and de-allocate slots within the frame. This makes the system independent from a ground infrastructure. The participating objects apply a slot allocation algorithm which is self organizing. This means that it allocates slots, de-allocate slots and resolves communication conflicts by itself. The selection algorithm is thus called Self Organized Time Division Multiple Access (STDMA).

8.1.4.3.3 Network Entry

An object, wishing to enter the data link network, will monitor the data link for a time equal to the length of a frame. During this time the object will create a virtual image of the data link traffic. After this, it will select slots for transmission. The slots are randomly selected with a spacing, which will allow the object to hold a pre-defined update rate (for example 12 reports per minute). If a randomly selected slot is busy, the object will look one slot ahead. If that slot is also busy, it will look one slot behind. It will continue this selection process until an available slot is found.

8.1.5 Getting Organized

Each selected slot is tagged with a time out. This time out is part of the transmitted telegram. The time out randomly selected and may be different for each slot. For each transmission, in the slot, the time out is decremented. When it reaches zero, the object calculates a new slot to use and adds a slot offset to the transmitted telegram. The slot offset specifies how many slots forward or backward the object intends to move its transmission in the next frame.

8.1.5.1.1 Conflict Resolution

By employing the STDMA algorithm, transmission conflicts are eventually resolved without intervention from controlling stations. Even though the data link is synchronized all over the globe, it would not operate unless it had a slot selection algorithm which supported the global concept.

8.1.5.1.2 Data Link Saturation

The position information has a central role in the system. This information ensures a graceful degradation in case of heavy data link traffic. When free slots are unavailable, objects will start to reuse slots from distant stations. This allows the system to adjust when the communication traffic is increased.

8.2 B - Transmission Characteristics

8.2.1 Introduction

This appendix presents analyses which look at factors and behavior surrounding the transmission and propagation of radio waves. Three areas are studied:

1. Power dissipation or link budget. Analysis of the factors affecting the power while the radio waves travel through the air.

2. Radio propagation. Analysis of the path of the radio waves.

3. Discrimination. Analysis of how conflicting transmissions discriminate or garble each other.

The purpose of these analyses is to give a background to the input used in the overall analysis of the STDMA system.

8.2.2 Analysis 1: Power Dissipation

8.2.2.1 Objective

The objective of this analysis is to:

…determine factors affecting the range of radio waves.

8.2.2.1.1 Scenario

A transmitter and receiver are placed in space. The only obstructions, between the two stations, are the vessels in which the transmitter and receiver are installed. The environment at the transmitter is identical to the environment at the receiver.

8.2.2.2 Expected Results

The analysis shall give an indication of how far  radio waves can travel with respect to transmission power and other factors affecting radio wave propagation in the scenario described above. 

8.2.2.3 Assumptions

1
Gain
The gain at the transmitter is equal to the gain at the receiver since the environments are identical.

2
Transmit Power
5 Watts [GP&C/S 1]

3
Receive Power
10-14 Watts [GP&C/S 1]

4
Frequency
150 MHz

5
Antenna
An omni-directional antenna is used, tuned for 150 MHz. The length is ¼ of the wave length.

Table 8.2.2.3.a
8.2.2.4 Method

This is a desktop analysis based on theory regarding calculation of link budget and the assumptions from table 8.2.2.3.a.

8.2.2.5 Results

8.2.2.5.1 Equation for Distance

The maximum distance (R), in free space, between a transmitting station and a receiving station is sought.




Figure 8.2.2.5.1.a

Equation B.1 below serves as the basis for the calculation [G. Maral et al].




PR
Minimum required power at the receiver

PT
Output power at the transmitter

GT
Transmit gain

GR
Receive gain

(
The wave length

Table 8.2.2.5.1.a

The wave length is calculated based on the equation B.2 below:




c
The speed of light in vacuum
2.99793(108 m/s [L. Ekbom]

f
The used frequency
150 MHz.

Table 8.2.2.5.1.b

According to the assumptions (table B.1), the transmit gain (GT) and the receive gain (GR) are equal (labeled G). The basis for further analysis is then the equation below:




The values above give a ( of approximately 2 meters.

By applying the assumptions and the derived (, equation B.1 can be simplified as shown below:




8.2.2.5.2 Equation Analysis

Looking at equation B.3, high transmit power, low minimum required receive power, high gain and a long wavelength, improves the range.

These parameters are analyzed in more detail below and also commented at the end of this chapter.

Parameter
Comment

High transmit Power
High transmit power also results in higher temperatures and larger energy consumption. The surrounding environment must also be considered if the transmit power is considerable. Humans and/or material may be vulnerable to it.

Low minimum required receive power
This also means that the equipment is less tolerant to noise. A high noise level will require the sensitivity to be lowered. 

High gain
The antenna dimensions, antenna cabling and its position affects the gain.

Long wavelength
Long wavelength equals low frequencies.

Table 8.2.2.5.2.a

8.2.2.5.3 Determine Gain

In order to apply equation B.4, the gain must be determined. The gain varies around the antenna. The gain can be positive and thus enhance the output power. It can also be neutral or negative.

The following is assumed regarding gain:

· The surrounding environment is simple in its structure.

· Only negative gain is considered.

· Only transmissions, which travel in a horizontal direction, are considered.

Based on these assumptions, and the assumptions in table 8.2.2.3.a, a gain of -5 dB (10-0.5) is a realistic figure [Lennart Dreier, GP&C Sweden AB].

8.2.2.5.4 Resulting Distance

The maximum distance that the radio waves can travel is approximately 608 nm. If the gain is -15 dB instead of -5, the distance becomes 61 nm, or 1/10 of 608 nm. Diagram B.1 below illustrates how the distance varies with different values of gain:




Diagram 8.2.2.5.4.a
8.2.2.6 Comments

This analysis omits factors such as atmospheric effects, multipath and interfering noise.

It does, however, give an indication of the theoretical range with respect to transmit power and the lowest acceptable receive power.

The effect of wavelength is interesting. A low frequency also allows low transmit power. This is in agreement with the GP&C system, which operates in the maritime and aviation VHF domain (107-174 MHz). It generally uses low transmit power (5 Watts). This can be compared to similar systems such as Mode S squitter, which operates on 1030/1090 MHz and uses high transmit power (1500 Watts) to achieve a range of 100 nm. [Orlando et al].

8.2.3 Analysis 2: Radio Propagation

8.2.3.1 Objective

The objective of this analysis is to:

…determine the range of the radio waves with respect to how the radio waves propagate through the atmosphere.

8.2.3.1.1 Scenario

Two stations, a transmitter and a receiver are placed in space with the earth as an obstruction.




Figure 8.2.3.1.1.a
The radio waves from the transmitter propagates through the air to the receiver. Based on how the radio waves behave, the reception will be successful or fail.

8.2.3.2 Expected Results

The analysis shall result in an equation of how far the radio waves can reach, based on:

· the earth as an obstruction, 

· the height of the transmitter and receiver, 

· how the radio waves propagates through the air.

8.2.3.3 Assumptions

1
Frequency
The VHF frequency domain, 30-300 MHz [L Ahlin et al].

2
Earth Radius
6370 km [L Ekbom].

3
Geography
Obstructions, such as mountains, are not present.

Table 8.2.3.3.a

8.2.3.4 Method

This is a desktop analysis of available literature. Equations are derived and compared with results in the literature.

8.2.3.5 Results

8.2.3.5.1 Propagation Path

VHF radio waves primarily travel as space waves [J.M. Ferrara]. This means that the most prominent path is a direct line between the transmitter and the receiver. The space wave component generally dissipates quickly. The radio waves can be said to have line-of-sight reach. Atmospheric conditions can cause the range to exceed beyond line-of-sight. This is generally called refraction [L Ahlin et al].

8.2.3.5.2 Line-of-Sight Equation

The figure below illustrates two objects in the atmosphere and the distance (D) between them. 




Figure 8.2.3.5.2.a
h1
The height above ground  (in meters) for station 1.

h2
The height above ground  (in meters) for station 2.

D
The direct distance (in km) between station 1 and 2.

R
The earth radius (6370 km).

T
The point, where a direct line between the two stations, touches the horizon  of the earth.

(
The angle between the right side radius line and the dotted line going to t.

(
The angle between the left side radius line and the dotted line going to t.

Table 8.2.3.5.2.a

Based on the figure, the following equations are derived:










Further simplifications of equation B.7 results equation B.8:




8.2.3.5.3 Verification of Line-of-Sight Equation

8.2.3.5.3.1 Results from Other Sources

Equation B.8 uses a constant (k), which equals 3.6. In [L Ahlin et al, page 35] a similar equation is presented. The constant (k) equals 3.6 also (see also comments in section 8.2.3.5.4). 

8.2.3.5.3.2 Alternative Equations

If it can be assumed that h1 and h2 are equal, the situation can be illustrated as shown in figure 8.2.3.5.3.2.a below:




Figure 8.2.3.5.3.2.a
Since h1 = h2 = h, the following equation can be derived:




The distance (D) can be derived from equation B.9 and results in equation B.10 below:




Equation B.10 produces the same results as equation B.8.

8.2.3.5.4 Refraction

It has been assumed that the radio waves propagates in a straight line. This results in a distance as described in equation B.8. In this equation the constant (k) equals 3.6. If refraction is considered, the constant (k) becomes 4.1 instead [L Ahlin et al, page 35]. However, according to L Ahlin, it is not feasible to use this factor due to destructive interference, caused by multipath, for example.

8.2.3.5.5 Coverage

To study VHF coverage, the aviation environment is selected. Within aviation, three sub-environemnts are defined:

1. Enroute environment, which is where aircraft are enroute between departure and destination. Flight levels are generally high in this environment.

2. Terminal environment, which is where aircraft are approaching an airport in order to land.

3. Airport environment, which is where aircraft are either on ground at the airport, on final approach or, departing the airport.

The table below lists assumptions regarding altitude within the different environments:

Environment
Min
Max

Enroute
3,000 m
20,000 m

Terminal
1,000 m
3,000 m

Airport
5 m
1,000 m

Table 8.2.3.5.5.a

The altitudes are chosen based on how airspace is organized according to international civil aviation regulations.

8.2.3.5.5.1 Base Station Coverage

Base stations are generally positioned on the ground, in the vicinity of an airport or, along enroute segments in order to cover common airways. If it is assumed that a base station antenna generally is positioned 20 meters above ground, the following ranges can be expected (employing equation B.8):

Environment
Min
Max

Enroute
213 km
525 km

Terminal
130 km
213 km

Airport
24 km
130 km

Table 8.2.3.5.5.1.a

8.2.3.5.5.2 Mobile Coverage

The range between mobile stations can be derived by assuming that two stations are at the same altitude.

Environment
Min
Max

Enroute
394 km
1018 km

Terminal
228 km
394 km

Airport
16 km
228 km

Table 8.2.3.5.5.2.a

8.2.3.6 Comments

The results are based on a smooth surface and a globe which has a uniform radius (6370 km). In addition to this, multipath and refraction has been left out. In areas with none or few obstructions, the resulting range is likely to be longer than calculated. In areas with many obstructions the range will be shorter.

8.2.4 Analysis 3: Discrimination

8.2.4.1 Objective

The objective of this analysis is to:

…determine how radio signals are received when transmissions from several stations are in conflict.

8.2.4.1.1 Scenario

A receiver is placed in the middle of a population of constantly moving objects, equipped with transceivers. Some of the objects are un-organized and, as a result, transmission conflicts occur.

8.2.4.2 Expected Results

The analysis shall result in information which describe the dynamics of discrimination and garbling. Discrimination occurs when one, of two or more conflicting stations, is received. Garbling occurs when none of the conflicting stations are received. 

8.2.4.3 Assumptions

1
Modulation
Frequency modulation (FM) using Gaussian Minimum Shift Keying (GMSK).

2
Bitrate
9600 bps.

Table 8.2.4.3.a
8.2.4.4 Method

This is a study of experiments performed in laboratory, land-mobile and aviation environments, found in [LFV Card 1].

In all three tests, the setup is similar to the one showed in figure 8.2.4.4.a below:




Figure 8.2.4.4.a
Two transmitters (Tx 1 and Tx 2). Are stationary and separated by a distance (D). A receiver (Rx) is allowed to move back and forth between Tx 1 and Tx 2. The two transmitters output position reports once per second, in the same time slots, thus inducing transmission conflicts. The number of successfully received position reports are measured at the receiver (Rx) while moving from Tx 1 to Tx 2. In the laboratory test, this is simulated by using attenuators.

A successfully received transmission depends on the ratio in power between Tx 1 and Tx 2. This ratio is called power ratio (PR). Tx 1 and Tx 2 use the same nominal transmit power. The power ratio can easily be converted to a distance ratio (DR), which describes the required separation between Rx to Tx 1 and Rx to Tx 2 (d1/d2). To convert between PR and DR, the following equations are used [LFV Card 1]:

 PR = 20 log( DR )
[Eq B.11]




Power Ratio (PR) is expressed in decibels (dB). 

8.2.4.5 Results

8.2.4.5.1 Laboratory Test

The laboratory test simulated the distance (D) and the position of Rx within D, by the use of a setup as shown in figure 8.2.4.5.1.A below:



Figure 8.2.4.5.1.a
The test was performed using a signal strength of approximately -80 dBm. The test produced the following results:

PR
Throughput
DR

3 dB
0%
1.4

4 dB
30%
1.6

5 dB
100%
1.8

Table 8.2.4.5.1.a
For a 100% success rate, a PR of, at least 5 dB must exist. This equates to a DR of, at least 1.8 (i e d1/d2 = 1.8 or higher).

8.2.4.5.2 Land-Mobile Test

The land-mobile test was performed using the setup described in figure 8.2.4.4.a above. Two transmitters (Tx 1 and Tx 2) were positioned at opposite ends of an airport runway. A receiver (Rx) was installed in a car and then allowed to travel between Tx 1 and Tx 2. 

For a 100% success rate, a PR of, at least 0.8 dB must exist. This equates to a DR of, at least 1.1 (i e d1/d2 = 1.1 or higher).

8.2.4.5.3 Aviation Test

The aviation test was performed using the setup described in figure 8.2.4.4.a above. Two transmitters (Tx 1 and Tx 2) were positioned at two different airports. A receiver (Rx) was installed in an aircraft and then allowed to fly between Tx 1 and Tx 2. 

For a 100% success rate, a PR of, at least 2.0 dB must exist. This equates to a DR of, at least 1.25 (i e d1/d2 = 1.25 or higher).

8.2.4.6 Comments

Only the laboratory test was conducted in a controlled environment. This test resulted in the poorest results (PR = 5 dB). The difference between the laboratory and the land-mobile and aviation tests can probably be explained by environmental causes, such as interfering obstructions, antenna positions a s o. For the purpose of analysis, 5 dB, or more,  should be used. 

In the ICAO draft SARPS [ICAO AMCP], a second modulation method (Digital Eight Phase Shift Keying - D8PSK) is specified. According to [R. E.  Boisvert], this modulation method results in a PR of 18 dB, or a DR of 7.9. In general, a lower power ratio (and thus a lower distance ratio), will promote improved throughput. Therefore, D8PSK is not a feasible modulation method, compared to GMSK/FM.

8.3 C - Propagation and Slot Boundaries

8.3.1 Introduction

This appendix focus on how large distances, between communicating stations, introduce delays and, as a result, possible collisions in transmissions. The STDMA system has a built-in guard time (a buffer which protects data) in each slot, which allows stations to be 370 kilometers (200 nautical miles) apart. A station can still receive a transmission farther away, but that transmission will cross slot boundaries and potentially be in conflict with a transmission in an adjacent slot.

8.3.2 Objective

The objective of this analysis is to:

study how propagation affects throughput and cell radius when stations are far apart (more than 370 km) and the slot occupancy is less than maximum.

When stations are more than 200 nautical miles (nm) apart, their transmissions will overlap slot boundaries and thus no longer be protected within a slot. There is a probability that transmissions in adjacent slots will be in conflict.

Focus is only on propagation. Conflicts, due to stations not being STDMA organized, are omitted in the analysis. 

8.3.2.1 Scenario

The figure below shows three circles. The inner circle (A) has a radius of 100 nm. The middle circle (B) has a radius of 200 nm and the outer circle (C) has a radius of 400 nm and is the total area in this analysis. The area of A is 1/16 of the total area. The area encompassed by B is 3/16 of the total area and the area C encompasses 12/16 of the total area.

             


Figure 8.3.2.1.a
The total number of transmissions occupy all available slots, but initially only 5% of the transmissions are within 200 nm of the receiving station. The receiving station is positioned in the center and the throughput (i e correctly received transmissions divided by actual transmissions) to this station is studied. Any transmission inside the 200 nm radius is protected by the guard time. The stations are then slowly allowed to move into the 200 nm radius until 95% of all transmissions are within.

8.3.3 Expected Results

The analysis shall result in equations describing:

1. net throughput,

2. throughput in the area not covered by guard time (area C),

3. cell radius dynamics.

8.3.4 Assumptions

Guard time
370 km (200 nm).

Saturation
Slot reuse is not necessary, i e there are free slots for every station in the scenario.

Modulation
GMSK/FM.

Distance ratio
½ in distance which, is equivalent to ¼ in power ratio.

Slots
4500.

Channels
1.

Organization
All station within 740 km (400 nm) are STDMA organized.

Traffic 
The traffic is spread evenly within the areas.

Table 8.3.4.a

8.3.5 Method

8.3.5.1 Pre-Study

The nature of propagation and discrimination is studied to determine the factors affecting the success of a transmission in a slot. Slots can be in 3 states:

1. Ok, meaning that a transmission in that slot was received successfully.

2. Garbled, meaning that two transmissions, in adjacent slots, were in conflict and neither transmission was received successfully.

3. Discriminated, meaning that two transmissions, in adjacent slots, were in conflict but one was successfully received and one was not (it was discriminated).

8.3.5.2 Deriving Results

An empirical method is used. A C++ program is created in order to retrieve results. The program constructs a virtual image of a traffic situation with stations randomly spread within a 400 nm radius of a receiving station. Each slot is assigned a distance to the receiver. Based on the distance, an analysis is performed to see if a transmission is in conflict with the previous transmission. If this is the case, the previous transmission is either discriminated or both transmissions are garbled. The program constructs the virtual image 1000 times and then calculates average values of slots which are okay, slots which are garbled and slots which are discriminated.

8.3.5.3 Creating Equations

The results from running the program are input to a spread sheet program. Diagrams are drawn and equations are derived based on the input and the diagrams.

8.3.6 Results

8.3.6.1 Slot Organization

The data link is time divided. This means that each transmission is allocated its own time slot. This analysis only looks at conflicts due to propagation. Therefore it is assumed that only one station transmits in each time slot. Conflicts will then only be possible when transmissions overlap slot boundaries at the receiving station.

8.3.6.2 Discrimination and/or Garbling

When a conflict is a fact it can either cause one transmission to be discriminated (i e 1 of 2 transmissions are received) or it can cause both transmissions to be garbled (i e 0 of 2 transmissions are received). To discriminate, the distance between the conflicting stations must be as described below:

Distance(Distant)/Distance(Close) >= 2 [Eq. C.1]

The figures below show different examples transmissions and propagation time.



 Figure 8.3.6.2.a
In figure 8.3.6.2.a the conflict is avoided since the transmission from the station at 200 nm results in a propagation which allows the station at 400 nm to overlap into the next slot but not overlap the transmission.



 Figure 8.3.6.2.b

In figure 8.3.6.2.b the station at 100 nm overrides the station at 400 nm, thus discriminating that station (400/100> 2).



 Figure 8.3.6.2.c
When the previous transmission is at a closer range than the following one, they are in fact separated and no conflicts exist (figure 8.3.6.2.c).



 Figure 8.3.6.2.d

Using Eq. C.1 would result in garbling in the scenario shown in figure 8.3.6.2.d (400/300 < 2), but as can be seen, the propagation time separates the two transmissions.

Thus, garbling due to propagation time only, can never occur in the STDMA system.

Discrimination is the only factor limiting throughput in the non-saturated scenario with respect to propagation time.

8.3.6.3 Running the Test Program

The test program produces a list showing how many slots are discriminated depending on how many slots are within 200 nm. 

% in
slots
slots
slots
Discr.
C
Net 

AB
A
B
C
in C
tp
tp

5%
56
169
4275
79
98,15%
98,24%

10%
113
338
4050
150
96,30%
96,67%

15%
169
506
3825
213
94,43%
95,27%

20%
225
675
3600
267
92,58%
94,07%

25%
281
844
3375
313
90,73%
93,04%

30%
338
1013
3150
351
88,86%
92,20%

35%
394
1181
2925
380
87,01%
91,56%

40%
450
1350
2700
400
85,19%
91,11%

45%
506
1519
2475
413
83,31%
90,82%

50%
563
1688
2250
417
81,47%
90,73%

55%
619
1856
2025
413
79,60%
90,82%

60%
675
2025
1800
401
77,72%
91,09%

65%
731
2194
1575
379
75,94%
91,58%

70%
788
2363
1350
349
74,15%
92,24%

75%
844
2531
1125
312
72,27%
93,07%

80%
900
2700
900
266
70,44%
94,09%

85%
956
2869
675
213
68,44%
95,27%

90%
1013
3038
450
150
66,67%
96,67%

95%
1069
3206
225
79
64,89%
98,24%

Table 8.3.6.3.a

The net throughput, in this context, is the sum of throughput in A, B and C.

A
The area covered by a circle with 100 nm radius

B
The area covered by a circle with 200 nm radius minus the area of A.

C
The area covered by a circle with 400 nm radius minus the area of A and B.

Table 8.3.6.3.b

The results are shown in the diagram below:




Diagram 8.3.6.3.a

The curved line shows the overall net throughput from areas A, B and C. The straight line shows the throughput from stations in area C.
8.3.6.4 Deriving Equations for Throughput

The presented equations contain constants which have been derived from the empirically collected data. The net throughput can be expressed as shown below:

TP(net) = 0.37*(Pop(AB)-0,50)+0,907  [Eq. C.2]

TP(net)
Net throughput of all transmissions.

0.37
Derived constant which smoothes out the curve.

Pop(AB)
Population inside the area covered by the 200 nm radius (1%-99%).

0,50
At 50% (0,5) the lowest throughput is recorded (90,73%).

0,907
The lowest net throughput.

Table 8.3.6.4.a

The throughput of transmissions outside the 200 nm protected can be expressed as shown below:

TP(C) = 1 - 0,37 * Pop(AB)  [Eq. C.3]

TP(C)
Throughput of transmission outside the area protected by the 200 nm radius.

0.37
Derived constant which gives the proper angle of the linear curve.

Pop(AB)
Population inside the area covered by the 200 nm radius (1%-99%).

Table 8.3.6.4.b

8.3.6.5 Cell Radius

The test program keeps statistics about discrimination in relation to distance from the receiving station. The diagram below shows the result of this.




Diagram 8.3.6.5.a
Each curve in diagram 8.3.6.5.a represents a certain population within area A and B. The probability of discrimination is increasing with an increase in distance and an increase in population.

At 300 nm, the angle of the curve is increased by a factor of 3. The reason for this is that between 200 and 300 nm discrimination is a result of stations within area A conflicting with stations in C. B and C are in harmony. Between 301 and 400 nm both A and B may conflict with C. The area of B is 3 times larger than A, thus the factor of 3.

The probability of discrimination between 201 nm and 300 nm can be expressed as:

P(201-300) = 0,0025*Pop(AB)*(D-200)  [Eq. C.4]

0,0025
The constant, which gives the curve angle in Diagram 8.3.6.5.a between 201 and 300 nm.

D
The distance, between the transmitter and the receiver, where the probability shall be calculated (200 < D < 300) nm.

Table 8.3.6.5.a

The probability of discrimination between 301 and 400 nm can be expressed as:

P(301-400) = 
0,0075*Pop(AB)*(D-300)+

0,25*Pop(AB)   [Eq. C.5]

0,0075
The constant which gives the curve angle in Diagram 8.3.6.5.a between 301 and 400 nm.

D
The distance, between the transmitter and the receiver, where the probability shall be calculated (300 < D < 401 nm).

0,25*Pop(AB)
The probability of discrimination at 300 nm.

Table 8.3.6.5.b

In order to study the dynamics of the cell radius, a minimum acceptable throughput must be established. Diagram 8.3.6.5.b shows curves for acceptable throughput ranging from 50% to 90%.




Diagram 8.3.6.5.b
The Y-axis shows the resulting cell radius and the X-axis shows the population within A and B. The table below lists the values used to derive diagram 8.3.6.5.b.

Pop(AB)
R(50%)
R(60%)
R(70%)
R(80%)
R(90%)

0%
400
400
400
400
400

5%
400
400
400
400
400

10%
400
400
400
400
397

15%
400
400
400
400
356

20%
400
400
400
399
333

25%
400
400
400
373
321

30%
400
400
399
356
312

35%
400
400
382
343
306

40%
400
399
366
334
296

45%
400
386
356
327
286

50%
399
374
347
323
279

55%
389
364
342
316
269

60%
380
357
336
313
262

65%
371
350
330
310
261

70%
364
343
325
306
255

75%
358
340
322
304
252

80%
352
335
319
299
248

85%
346
330
315
292
248

90%
343
328
315
282
248

95%
336
323
312
279
243

100%
200
200
200
200
200

Table 8.3.6.5.c

8.3.7 Comments

The 200 nm guard distance is not an absolute limit to how far apart a transmitter and receiver can be. In this scenario, if all transmissions would have been inside 200 nm, the net throughput would have been 100%. Likewise, if all transmissions would have been outside the 200 nm radius, the throughput would have been 100%. This is not realistic. The scenario assumes that all transmissions are STDMA organized and within VHF link budget, which is quite unlikely in reality. However, it does show some important points:

· Garbling will never occur as a result of propagation time only.

· The net throughput, with respect to propagation, will always be above  90,7%.

· The throughput of transmissions outside the protected distance is gracefully reduced as the traffic density increases closer to the receiving station.

· In reality it is the difference in power levels which determines the outcome of conflicting transmissions. Distance between the stations affect the received power but, antenna installation is also an important factor. 

· The ramp-up time (i e the time it takes for the transmitter to produce nominal output power) is assumed to be 832 us. During this time the channel is idle (i e data is not output). If two transmissions are interfering due to propagation, the system provides additional tolerance. Assume that a transmission crosses a slot boundary. The next transmission starts off by ramping up the transmit power. Only when the power reaches ½ of the power from the transmission in the previous slot, that transmission is garbled. This would further improve the results of this analysis.

D - Synchronization

Time synchronization analyses focus on the different sources of synchronization to the TDMA data link when the primary synchronization source is lost. The primary source of synchronization is generally required to have an accuracy of 400 nanoseconds  [ICAO AMCP] in aviation applications. This source can be provided by the 1PPS pulse generated by a GNSS receiver.

8.3.8 Basic Assumptions

The assumptions listed below are valid for every analysis in this appendix.

8.3.8.1 General Parameters

Parameter
Value
Comment

GNSS update rate
1 sec
This is the update rate at which a GNSS receiver supplies the STDMA transponder with position information. The transponder will output the most recently received GNSS position when it transmits on the TDMA link.

Low Horizontal Accuracy
100 m
The horizontal accuracy in position when differential corrections are unavailable  or, when a backup system is used as a position source.

High Horizontal Accuracy 
2 m
The horizontal accuracy in position when differential corrections are available  or, when a position is output by a base station.

Low Vertical Accuracy
200 m
The vertical accuracy in position when differential corrections are unavailable  or, when a backup system is used as a position source.

High vertical Accuracy
5 m
The vertical accuracy in position when differential corrections are available  or, when a position is output by a base station.

Aircraft Direction
Head On
The aircraft direction is always directly towards or away from the source used for synchronization (worst case).

Inaccuracy in arrival time measurement
5 us
The inaccuracy when a transponder times the start of a data bit. This value is affected by the frequency and is conservative with respect to the megahertz frequency band (Draft SARPS [ICAO AMCP] specify 1 us).

Transmitter start jitter
5 us
The inaccuracy in the transponder transmit circuit.

Backup System
Yes
It is assumed that each station is equipped with a backup system which is able to derive position information with the accuracy of the low horizontal and vertical accuracy. Examples are RNAV, Inertia system, Loran a s o.

Primary time source stability
1 us
The accuracy of the primary time source. Most GNSS receivers are within 400 ns.

Speed of light
300  m/us
meters per microsecond.

Slots
4500
There are 4500 slots per channel and superframe. (one superframe = 1 min).

Pilot reaction time
1 min
The pilot shall have 1 (one) minute to discover a potential traffic conflict and to react on it.

Table 8.4.1.1.a
8.3.8.2 Environment Parameters

Parameter
Airport
Terminal
En route

Aircraft Speed Over Ground (SOG)
250 km/h
450 km/h
900 km/h

Report Rate
60 times/min
12 times/min
6 times/min

Table 8.4.1.2.a
The report rate in the airport environment is a truly worst case. In reality most aircraft are either stationary or moving in non-critical areas of the airport. As a result, the average report rate can be a lot less than 60 times per minute.

8.3.9 Analysis 1: Loss of GNSS Receiver

8.3.9.1 Objective

The objective of this analysis is to:

…determine the effects of an isolated station losing its primary time source due to loss of GNSS receiver.

8.3.9.1.1 Scenario

A station loses its internal GNSS and thus also its primary time source. The failure is local to that station and there are other stations (mobiles and base stations) in the area of reception. The station reverts to its backup source for positioning, but must derive a new source of time synchronization to the TDMA data link.

8.3.9.2 Expected Results

The analysis shall show whether loss of primary time synchronization affects the throughput on the TDMA data link, both with respect to own reception and with respect to disturbances to other stations.

8.3.9.3 Assumptions

TDMA status
There are other stations transmitting on the TDMA data link. These stations are synchronized to a primary time source giving the appropriate accuracy.

Differential Corrections
Unavailable for mobile stations.

Table 8.4.2.3.a

8.3.9.4 Method

This is a desktop analysis based on the basic assumptions (section 8.4.1) and the assumptions from table 8.4.2.3.a.

The criteria for maintaining slot integrity is first analyzed. The timing error is then calculated. These results are finally compared in order to conclude if there are any conflicts due to the less accurate timing source.

8.3.9.5 Results

8.3.9.5.1 Slot Integrity

8.3.9.5.1.1  Worst Case Scenario

In the worst case scenario the receiving station is separated with the transmitting station by 200 nm (the guard distance). This eats up the buffer allocated for guard distance. At the same time the transmitting station, which is poorly synchronized, produces a transmit jitter (G) which is equivalent to the sum of all timing errors.



Figure 8.4.2.5.1.1.a

The start jitter results in a transmission starting either prior to, or after nominal slot start. It will be centered around the nominal slot start with +/- G/2.

8.3.9.5.2 Synchronization to a Base Station

The base station uses the high position accuracy and will thus gives the smallest error in distance measurement.

8.3.9.5.2.1 Deriving Distance Error

When a station attempts to synchronize to transmissions from another stations it will try to compensate for the distance between itself and the transmitting station. A timing error is introduced as a result in the inaccuracies in position information. The figure below illustrates this:




Figure 8.4.2.5.2.1.a
The worst case distance error between the mobile and a base station can be calculated as shown below:




8.3.9.5.2.2 Deriving Position Error

The internal position source is updated once every second (see general parameters). In the worst case scenario, the synchronization calculations are performed just before a new position is derived. The position is then 1 second old and the station has traveled a distance based on its speed over ground (SOG). The position error can be calculated using the equation below:




8.3.9.5.2.3 Adding the Errors

Table 8.4.2.5.2.3.a below shows the timing errors common to every aircraft environment (airport, terminal, en route).

Inaccuracy in arrival time measurement
5 us

Transmitter start jitter
5 us

Primary time source stability
1 us

Distance error
229 m / 300 us = 0.76 us 

Sum
11.76 us

Table 8.4.2.5.2.3.a
Table 8.4.2.5.2.3.b below shows the accumulated timing error for the three different environments:

Value
Airport
Terminal
En route

Common error
11.76 us
11.76 us
11.76 us

Position error
0.23 us
0.42 us
0.83 us

Sum
11.99 us
12.18 us
12.59 us

Table 8.4.2.5.2.3.b
Table 8.4.2.5.2.3.b shows that the timing error is less than  13 us for all environments. This jitter affects the buffer allocated to guard time. 13 us is equivalent to 3.9 km (13*300/1000 km). The guard distance is thus reduced by 3.9 km or approximately 1%.

8.3.9.5.2.4 Comments

The degradation in performance, due to loss of primary synchronization, only affects the radius protected by guard time. In the analysis this degradation is 1% or a reduction from 370 km to 366 km radius. Stations in this region will only be in conflict with other stations on the same region. The throughput within 366 km is intact.

A station should calculate an average time based on several transmissions. This will smoothen the timing jitter and not simply add the timing error to the own transmission.

8.3.9.5.3 Synchronization to a Mobile Station

The mobile station uses the low position accuracy (in accordance with assumptions) and will thus give higher error in distance measurement than the base station case.

8.3.9.5.3.1 Deriving Distance Error

Distance error is derived in the same manner as in section 8.4.2.5.2.1 but the equation looks like below:




8.3.9.5.3.2 Position Error

In the worst case scenario, both stations are moving away from each other with a relative speed of 2*SOG. If it also is assumed that the transmitted position is 1 second old, the resulting equation looks like below:




8.3.9.6 Adding the Errors

The table below shows the timing errors common to every aircraft environment (airport, terminal, en route).

Inaccuracy in arrival time measurement
5 us

Transmitter start jitter
5 us

Primary time source stability
1 us

Distance error
447 m / 300 us = 1.5 us

Sum
12.5 us

Table 8.4.2.6.a
Table 8.4.2.6.b below shows the accumulated timing error for the three different environments:

Value
Airport
Terminal
En route

Common error
12.50 us
12.50 us
12.50 us

Position error
0.46 us
0.84 us
1.66 us

Sum
12.96 us
13.34 us
14.16 us

Table 8.4.2.6.b
Table 8.4.2.6.b shows that the timing error is less than 15 us for all environments. This is equivalent to 4.5 km, which still is approximately 1% of the distance allocated to guard time.

8.3.9.7 Comments

The degradation in performance, due to loss of primary synchronization, only affects the radius protected by guard time. In the analysis this degradation is 1% or a reduction from 370 km to 366 km radius. Stations in this region will only be in conflict with other stations on the same region. The throughput within 366 km is intact.

8.3.10 Analysis 2: Floating Network

A floating network exists when participants on the data link have lost their primary time source and must adopt to some sort of fallback mode for time synchronization.

8.3.10.1 Objective

The objective of this analysis is to:

…determine the effects when all participating stations lose their primary time source.

8.3.10.1.1 Scenario

The GNSS system fails (maybe it is shut down by the operator) and all stations are suddenly without primary time source. All stations reverts to their backup sources for positioning. The only source left for time synchronization is the transmission from other un-synchronized stations, or possibly base stations with a backup system for time synchronization. The TDMA data link becomes a floating network of stations continuously attempting to synchronize to each other. 

8.3.10.2 Expected Results

The analysis shall show whether loss of primary time synchronization affects the throughput on TDMA data link, both with respect to own reception and with respect to disturbances to other stations.

8.3.10.3 Assumptions

TDMA status
All participating stations have lost the primary time source.

Differential Corrections
Unavailable for all stations.

Base stations
Base stations are equipped with a backup source for timing (such as an atomic clock) with equal or better accuracy than the primary time source.

Average Transmission Start
Each received transmission is tagged with a time stamp. The time stamp is corrected for the distance and then added to an accumulator. The accumulator maintains the last 100  time stamps and provides an average value continuously.

Own transmissions
The time stamp for own transmission is also added to the time stamp accumulator.

Table 8.4.3.3.a
8.3.10.4 Method

This is a desktop analysis, combined with simulations in C/C++, based on the basic assumptions (section 8.4.1) and the assumptions from table 8.4.3.3.a. 

The criteria for maintaining slot integrity is first analyzed. The timing error is then calculated. These results are finally compared in order to conclude if there are any conflicts due to the less accurate timing source.

8.3.10.5 Results

8.3.10.5.1 Synchronizing to Base Stations

As stated in the assumptions, base stations are equipped with a backup source for time synchronization. This source is equal to, or better than the timing provided by the GNSS system (the 1PPS pulse). Mobile stations will synchronize to transmissions from base stations, if they can be received. Thus, the scenario is identical to that described in section 8.4.3.5.1 and the timing errors are the same.

8.3.10.5.2 Degradation Due to Total Loss of Time Reference

When a population of mobile stations are unable to receive transmissions from base stations (such as over an ocean) all sources of time are lost. This is a true floating network situation and will be examined in the following sections.

8.3.10.5.2.1 Initial Loss of Time Source

If a station has been fully synchronized to the primary time source and then suddenly loses it, it will maintain a very accurate synchronization for quite some time. A design which drifts approximately 3 us per minute is realistic to achieve [GP&C/S 2]. If a station maintains a lost sync state for an extended period of time, the cell radius will gracefully be reduced. Assuming, in worst case, that transmissions in adjacent slots drift in opposite directions, the cell radius can be described as shown in equation D.5 below:

Cell Radius in nm = (1248 - Time*6) * 300) / 1852 [Eq. D.5]

1248
The guard time in each slot (1248 us).

Time
The time from loss of primary time source, in minutes.

6
The accumulated drift of two stations drifting opposite directions in time (2*3 us). This is a worst case scenario.

300
The speed of light in meters per us.

1852
The length, in meters, of one nautical mile.

Table 8.4.3.5.2.a
If it is acceptable that the cell radius shrinks, the system can be allowed to drift for an extended period of time. The limit to the drift is dependent on the relative speed between mobile stations. In the worst case scenario, two stations move directly toward each other and their relative speed is the sum of their individual speeds. In the basic assumptions (section 8.4.1) the pilot reaction time is set to one minute. With this value, and the speeds for different aviation environments, table 8.4.3.5.2.b is derived.

Environment
Speed
Distance (1 minute)

En route
485 knots
16.2 nm

Terminal
243 knots
8.1 nm

Airport
135 knots
4.5 nm

Table 8.4.3.5.2.b
The distance in table 8.4.3.5.2.b equals the accumulated decrease in distance between 2 aircraft traveling on collision course for one minute. The results from table 8.4.3.5.2.b can then be used to compare results from Equation D.5 shown in table 8.4.3.5.2.c below:

Time (minutes)
Radius (nm)

0
206

10
196

20
186

30
176

40
167

50
157

60
147

70
138

80
128

90
118

100
108

110
99

120
89

130
79

140
69

150
60

160
50

170
40

180
31

190
21

200
11

210
1

Table 8.4.3.5.2.c
Table 8.4.3.5.2.c shows that the system can be allowed to remain in the lost sync state for over 3 hours (in all three types of airspace) before the cell radius is too short. This statement is based on the assumption that the TDMA data link traffic is saturated (all time slots are occupied). If the link traffic is low, the transmission jitter means less since a transmission can be allowed to drift into an adjacent slot which is unused. The conclusion is that table 8.4.3.5.2.c reflects the worst case scenario of a saturated link.

8.3.10.5.2.2 Maintaining Synchronization

Each station knows its nominal start time. The nominal start time is the time, corrected for distance, when the first bit of a transmission should be received in a slot.

The stations continuously calculate an average start time based on the latest received transmissions. The average time is compared to the nominal start time and when the difference between the calculated average value differs by a certain amount (maybe 21 us) the own timing is readjusted. The procedure is identical to the situation described in section 8.4.2.5.3.

8.3.10.5.2.3 Merging Populations

A floating network can maintain synchronization with a minimum loss of performance as long as all stations float together. This harmonic situation can be disturbed if two previously separated populations begin to merge as illustrated in figure 8.4.3.5.2.3.a below: 




Figure 8.4.3.2.5.3.a
It must be assumed that the populations have been floating independently of each other and therefore may have drastically different transmission starts. Two questions must be answered:

1. Will the system become unbalanced and therefore crash?

2. If the answer to question 1 is no, how is the throughput affected?

8.3.10.5.2.3.1   Unbalanced System

Question number 1 addresses the situation when the participating station calculate average start times and readjusts their own time based on this. If a population of stations are injected into a stable system and these stations have totally different timing, how is the system then affected? Will it regain balance and how long does it take?

Diagram 8.4.3.52.3.1.a shows an example where 100 transmissions are spread within one slot (0-13.33 ms), and how an average start time is continuously calculated and used. The average value is based on the 100 most recently received transmissions. The example assumes that the stations initially do not receive any other transmissions. They then simultaneously start to receive and derive an average transmission time.




Diagram 8.4.3.5.2.3.1.a

The first 100 transmissions are randomly assigned a transmission start between 0 and 13.33 ms. From transmission 101, average transmission start is calculated. Approximately 150 transmissions (transmission number 250) after starting to calculate average values, the transmissions are again in harmony. This of course assumes that all transmissions were received and included in the calculation. Nevertheless, the system strives to stabilize rather than accelerate the disturbance. 

8.3.10.5.2.3.2   Throughput Issues

Throughput is analyzed by simulation in C/C++. A virtual image of a cell with 200 nm radius is created (the cell holds population A). The TDMA data link is saturated. Transmissions from a different population (population B) are then merged with the original cell and the effects are analyzed. The transmissions from population B are synchronized within that cell. The net throughput is measured from the center of the cell which contains population A. 

The factors affecting the throughput are:

1. Transmission start time. If the transmission start time overlaps the next adjacent slot, a conflict occurs.

2. Distance between conflicting stations. Garbling or discrimination occurs as a result of the transmit conflict. If the conflicting transmissions are close to each other they will both be garbled. If they are separated by a factor of 2, the farthest transmission is discriminated.

The transmission start time is selected as shown in table 8.4.3.5.2.3.2.a below:

Pop
Start
Comments

A
2080 us
The time when the first bit of the start flag would normally be detected. Ramp up (16 bits) plus training sequence (24 bits). (24+16)*52 = 2080us.

B
13333 us
End of slot in us.

Table 8.4.3.5.2.3.2.a
The times in table 8.4.3.5.2.3.2.a are in reference to the station in the center of population A and corrected for propagation time. 

The actual transmission time is corrected for distance before it is analyzed with respect to the receiving station.

Repeated simulations are performed with different merging times (i e the time it takes to merge the two cells). The results are listed in table 8.4.3.5.2.3.2.b below.

Merging time (min)
Relative speed (km/h)
Time to restore sync (seconds)
Lowest throughput
Average throughput

10
2220
56
78%
95%

20
1110
75
85%
96%

30
740
94
85%
97%

40
555
121
86%
97%

50
444
121
88%
97%

60
370
140
87%
98%

70
317
145
90%
98%

80
278
131
90%
98%

90
247
160
91%
98%

100
222
147
91%
98%

Table 8.4.3.5.2.3.2.b
Merging time
The time it takes before the two populations have merged completely

Relative speed
The resulting relative speed between the populations (a function of the merging time).

Time to restore syncS
The time it takes to restore synchronization close to 100%.

Lowest throughput
The lowest average throughput calculated over 100 slots during the time to restore sync.

Average throughput
The average throughput calculated on all slots from the first reduction in throughput until the throughput is restored to its original value.

· Merging the cells faster results in synchronization to be restored faster but a larger reduction in throughput.

· Merging the cells slower results in synchronization to be restored slower but a smaller reduction in throughput.

· The average throughput is never below 95%.

8.3.10.6 Comments

The negative effects of losing the primary time source are minimized since the STDMA system contains a number of fallback modes. The fallback procedure can be summarized as this:

1. When a station loses its primary time source it will enter a lost sync state and slowly start to drift in time (approximately 3 us/min).

2. During the lost sync state it will listen for base stations and derive an average transmission start time based on the transmissions from base stations. 

3. If it can not receive any base stations, it will listen for mobile stations which are synchronized to the primary time source.

4. If it can not receive any transmissions which are synchronized to the primary time source, the TDMA link is a floating network and all participating stations are continuously deriving average transmission start times.

The only time that the net throughput is affected due to poor time synchronization is when two independent populations merge. Even then the average throughput is 95% or better.

The scenario described in this section looks at two merging populations. If more populations begin to merge, it is likely that the synchronization becomes unbalanced. It is however, quite unlikely that all stations around the globe, are unable to receive transmissions from base stations. By using a refined priority scheme for synchronization, taking into consideration stations which are directly or indirectly in contact with bas stations, a balanced system is still easily achieved.

E - Organization

8.3.11 Introduction

The link organization analyses focus on the capability of the STDMA algorithm to maintain slot organization on the TDMA data link.

8.3.12 The VHF Cell

Each participating station operates in its own unique VHF cell. The cell extends horizontally and vertically. 




Figure 8.5.2.a
The cell shape can be approximated as a cylinder with the radius extending to the horizon or to the range given by link budget (see figure above). Theoretically, two stations will have identical VHF cells if they are positioned on top of each other. This is generally not the case. Rather, the stations will have partially overlapping VHF cells. As a consequence, the communication, on the TDMA data link, will be more or less organized, depending on how much the cells are overlapping.

8.3.13 Automatic Slot Reuse

A consequence, when a population of stations is not fully STDMA organized, is that two or more stations may attempt to use the same time slot for transmission. This is called automatic slot reuse. The stations, involved in automatic slot reuse, are unaware of the fact that they are using the same time slot. They have determined the time slot to be free and available for use.

8.3.14 Intentional Slot Reuse

If a station experiences that the TDMA data link is used to its maximum capacity, it might have to resort to using time slots which are known to be reserved by other stations. This is called intentional slot reuse. When a station applies intentional slot reuse it will generally reuse time slots reserved by stations which are the farthest distance from the own position. The decision to reuse such a time slot, is based on transmitted position information and knowledge of own position.

8.3.15 Garble and Discrimination

Intentional and automatic slot reuse can produce one, of two results, at a receiving station:

· Garble, where none, of a number of transmissions in a time slot, was received correctly at a receiver.

· Discrimination, where one, of a number of transmissions in a time slot, was received successfully at a receiver.

Discrimination will generally occur when one transmission, results in higher received power than others. This happens when that transmitter is closer to the receiver or when it uses more output power than others. Atmospheric effects can also have an influence. This analysis assumes that the output power is equal for all stations and that the atmospheric effects can be neglected.

8.3.16 Basic Assumptions

Parameter
Value
Comments

Modulation
GMSK/FM
-

Distance ratio
½
Equivalent to ¼ output power ratio (6 dB).

Population
Evenly distributed
-

Movements
Randomly
Each individual station is moving independently of other stations.

Transmit Power
Equal
The transmit power is equal for all participating stations in a population

Table 8.5.6.a

8.3.17 Analysis 1: Remote Area

This analysis looks at an area with none or low data link traffic.

8.3.17.1 Objective

The objective of this analysis is to:

…determine the ability of the STDMA algorithm to resolve transmission conflicts in low traffic situations.

The analysis examines how long it takes before a station discovers another, and the probability of continuous transmission conflicts.
8.3.17.1.1 Scenario

Two stations are approaching head on over water or in the air at a speed of (v). Their cells have equal size with a radius (r), restricted by either link budget or the horizon. When they come within VHF reach of one another they are un-organized and may be using the same slot for transmission and thus unable to see each other.




Figure 8.5.7.1.1.a
Depending on the STDMA update rate (r), they will also have a possibility of further approaching each other before any station transmits for the first time after coming within RF reach of each other.

8.3.17.2 Expected Results

This analysis shall result in probability values for transmission conflicts in the given scenario. It shall also describe how the VHF cell is affected by the movements of the two stations.

8.3.17.3 Assumptions

Parameter
Value
Comments

Speed
v
The speed at which A and B are approaching each other head on. The total speed is 2*v.

Update Rate
u
The update rate at which A and B are broadcasting their positions on the data link (reports/minute). Assumed to be the same for A and B.

Cell Radius
r
The VHF cell radius. Assumed to be the same for A and B.

Slots
SL
Specifies how many slots the data link uses per minute (2250 - 9000).

Table 8.5.7.3.a

8.3.17.4 Method

This is a theoretical analysis based on the assumptions listed in this appendix and results from other analyses in this thesis. The results are applied in examples for illustration purposes.

8.3.17.5 Results

8.3.17.5.1 Probability of Allocating the Same Slots

The STDMA algorithm attempts to spread transmissions evenly over time using a Nominal slot Increment - NI. At random intervals the chosen slots are changed to new slots which are determined by the algorithm, to be available. The jump to a new slot is always within an interval which is 0.2*NI (also called Selection Interval - SI). The selection interval (SI) is a set of consecutive slots.




Figure 8.5.7.5.1.a

For a conflict to occur, when only two stations are involved, the SI of each station must overlap partly or in whole. In the worst case scenario, they overlap completely. The probability of this is:

P(Overlap) = 1 / (SL-SI)
[Eq. E.1] 

In addition to this, the two stations must have selected the same slot within the SI. The probability of this is:

P(Same Slot) = 1/SI
[Eq. E.2]

The Nominal Increment - NI is given by:

NI = SL / u

[Eq. E.3]

The Selection Interval (SI) is given by:

SI = 0.2NI = 0.2SL / u
[Eq. E.4]

Combining Eq. E.2 and E.4 results in:

P(Same Slot) = u / 0.2SL
[Eq. E.5]

The probability of a conflict in the first slot which could be received is:

P(Overlap) * P(SameSlot)
[Eq. E.6]

The probability of n successive conflicts is then:




Further simplification results in equation E.8 below:

P(n conflicts) = 1 / [( SL-SI )( SI )n ]      [ Eq. E.8]

Probability of detection within n transmissions is:

P(Detection) = 1 - E.8
[Eq. E.9]
8.3.17.5.1.1 Example

An example will illustrate the probability of conflicts in n successive slots, based on the following assumptions:

Parameter
Value
Comments

SL
2250
Slots per minute.

u
12
Number of reports per minute.

Table 8.5.7.5.1.1.a

The results are listed in the table below:

n
P( n successive conflicts ) [Eq. E.8]

1
1.21 * 10-5

2
3.21 * 10-7

3
8.57 * 10-9

4
2.29 * 10-10

Table 8.5.7.5.1.1.b

The example above shows that it is extremely improbable that the stations have not received at least one transmission within 3 attempts.

Another approach, to calculating the probability, is described by professor Lars Zetterberg, in the addendum to this appendix (section 8.5.9). Using probability expression Ad.8, yields the results below:

n
P( n successive conflicts ) [Eq. Ad.8]

1
3.39 * 10-4

2
8.04 * 10-6

3
2.01 * 10-7

4
5.14 * 10-9

Table 8.5.7.5.1.1.c

8.3.17.5.2 Expected Time to Detection

In the worst case both A and B have just transmitted prior to coming into VHF reach of each other. It will then take an additional 60 / u seconds until next transmission. If they are traveling with a speed of v, the relative distance (d) traveled is expressed as:

d = 2 * v * (60 / u ) * n
[Eq. E.10]

Speed (v) is expressed as units per second (for example m/s).

As a result the VHF cell radius is compressed with d ahead of the station.

8.3.17.5.2.1 Example

This example illustrates how the radius is compressed based on station speed and the input parameters listed below:

Parameter
Value
Comments

n
3
It is extremely improbable that the stations have not received each other at least once after 3 attempts.

u
12
Number of reports per minute.

Table 8.5.7.5.2.1.a
Since the stations transmitted just prior to reaching VHF coverage, it will take an additional 5 seconds (60 seconds / 12 reports per minute) prior to next transmission. Thereafter, 3 more transmissions are executed. 

In the example above, it can be assumed that the stations have received at least one successful transmission within 15 seconds.

Two stations, approaching each other will travel some distance, based on their speeds, during these 15 seconds. The table below lists distances based on speed.

v
d

900 km/h
7500 m

500 km/h
4167 m

100 km/h
831 m

50 km/h
417 m

25 km/h
207 m

Table 8.5.7.5.2.1.b
8.3.17.5.2.2 VHF Cell Shape

The example above shows that, even though two stations are within VHF coverage, the actual detection may be delayed somewhat. This can be visualized by a modified VHF cell. At high speeds, the cell is compressed in front of the station by a distance (d).




Figure 8.5.7.5.2.2.a
8.3.17.5.3 Conflict Resolution

If conflicts do occur in a slot, it can be determined how long it takes before they are resolved. Each slot is assigned a time-out which can be anywhere between 0 and 8 minutes. As a consequence slots are changed, and conflicts resolved, every 4 minutes ( (0 + 8) / 2 ) on average. 

8.3.17.6 Comments

In situations with none or little data link communication, the probability of a transmission conflict is  very small. Even if one should occur, it affects only one out of all transmissions during a minute. The conflict is, on average, resolved after 4 minutes. 

8.3.18 Analysis 2: High Data Link Load

The data link is saturated when the required number of slots is equal to, or higher than the available. Under these circumstances more slots may generally be needed than currently available. 

The result is automatic or intentional slot reuse, which may result in garble or discrimination at a receiving station.

8.3.18.1 Objective

The objective of this analysis is to:

…determine the net throughput, at a station, which is receiving transmissions from other stations, which are partially organized to the cell of the receiving station.

8.3.18.1.1 Scenario

A station is situated in the center of a population of STDMA stations. It is receiving transmissions from stations at a radius (r), limited by the horizon or link budget, but less than 200 nm (the guard distance). Since each station, in the population, operates in its own VHF cell, some of the transmissions are un-organized with respect to the receiving station. As the number of stations, in the area, increases, more slot reuse is anticipated to occur.

8.3.18.2 Expected Results

The analysis shall show how the throughput varies with distance between receiving station and transmitting station. It shall also show how TDMA data link saturation affects the throughput. The results shall be described mathematically and in diagrams.

8.3.18.3 Method

This is a theoretical analysis and a simulation in C++, to examine the factors affecting capacity and throughput.

8.3.18.4 Results

8.3.18.4.1 Organized Transmissions

Since each station operates in its own unique cell, it can only be 100% organized with a receiving station when it is on top of it. The figure below shows two stations separated by a distance (d). Each cell has a radius (r). The length of the radius depends on line of sight or link budget. When the transmitting station and the receiving station initially come in contact, the distance (d) and radius (r) are equal. The shaded area is common to both stations. It can be assumed that they are both organized to other stations residing in this common area.




Figure 8.5.8.4.1.a
From the point where the distance (d) equals 2r, there will always be some degree of organization. They will not be 100% organized until d equals zero (i e the stations are on top of each other).

8.3.18.4.2 Data Link Saturation

Anytime that stations have a degree of organization  of less than 100%, there is a probability of transmission conflicts. However, this probability is reduced with a reduction in required TDMA link capacity. If the required TDMA link capacity is 100%, or more (i e the required number of slots equal the maximum available capacity), the link is saturated.

8.3.18.4.2.1 Saturation and Slot Reuse

When stations select new slots for transmission, they do so by viewing their own image of the VHF cell. Assuming that two stations (A and B) are transmitting but unable to receive each other since they are outside of their respective VHF coverage. A third station (C) is within VHF coverage and thus receiving both stations. Although A and B are applying the STDMA algorithm in their slot allocation, it appears to C that they are randomly selecting slots. This may result in automatic slot reuse. Station A and B are unaware of each other and thus unorganized with each other.

A scenario, where all stations transmitted in randomly selected slots, was simulated using a C++ program. The TDMA link was first empty and then successively loaded up to maximum capacity. The simulation then continued with an overloaded system (i e the required capacity exceeded the available). Each load on the TDMA link was tested 1000 times in order to get an average value of number of reused slots. The results are displayed in table 8.5.8.4.2.1.a and diagram 8.5.8.4.2.1.a below. When the TDMA link is saturated (required capacity is 100%) slot reuse affects 63% of available slots.

This corresponds to a slotted ALOHA system [G. Maral et al] which gives approximately 37% throughput. The slotted ALOHA is a TDMA system applying a random selection algorithm.

Required Capacity (%)
Slot Reuse (%)

0
0

10
10

20
18

30
26

40
33

50
39

60
45

70
50

80
55

90
59

100
63

110
67

120
70

130
73

140
75

150
78

200
86

300
95

400
98

500
99

Table 8.5.8.4.2.1.a
As mentioned earlier, the slot reuse may result in garble or discrimination.




Diagram 8.5.8.4.2.1.a
8.3.18.4.2.2 Selection of Slots

All stations, in a population, have some degree of organization. A receiving station (R) will experience that a transmitting (T) station will avoid using slots occupied within the zone where the VHF cells of R and T overlap. T will instead select from other stations within its own VHF cell. When the TDMA link is saturated, these selections will always be in conflict with other stations within the VHF cell of R and thus result in garble or discrimination.

8.3.18.4.3 Garbling and Discrimination

8.3.18.4.3.1 The Aloha Zone

Slot reuse may result in discrimination or garbling. A study of when garbling occurs, shows that for distances (d) between r and r/2 (between transmitter and receiver) garbling is the result in every case of slot reuse. This is a result of the GMSK co-channel interference (CCI) feature. The difference in distance between two stations must be a factor of 2 or higher, in order to produce a big enough difference in received power. This does not occur until the interfering stations are located at r and r/2 from the receiver, thus fulfilling the distance ratio of 2 to 1 (see appendix B). 
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Figure 8.5.8.4.3.1.a
The result is that table 8.5.8.4.2.1.a shall be applied when deriving net throughput for transmissions between r and r/2 from the receiver.
To a receiver (Rx in the figure above), transmitters in the region r to r/2 (for example Tx 1 and Tx 2), will appear to select slots randomly. Therefore, this region is called the Aloha Zone.

The net throughput, in the Aloha Zone, is equal to:

TP(r ( d > r/2) = 1 - Slot Reuse;
[Eq. E.11]

Slot Reuse = Table 8.5.8.4.2.1.a

As an example, the throughput is 22% at a required capacity which is 150% of available (1-0.78).

It shall be emphasized that stations within the Aloha Zone are still received, but when slots are reused, it results in zero throughput (garble) for that particular transmission.

8.3.18.4.3.2 The Discrimination Zone

From r/2 to r/3 some of the slot reuse result in discrimination and thus allowing the transmission from the closer station to be received. This is illustrated below:
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Figure 8.5.8.4.3.2.a

The area which may reduce the throughput is only the garbling area. This area is derived by approximation of the discrimination area (Ad). The discrimination area is expressed as:

Ad / A = ( 1 - 4k2 )2 * arccos( k/2 );    0 ( k ( 1   [Eq. E.12]

The angle (k/2) is expressed in radians. At r/3 the discrimination area meet the organized area. The net throughput (TP) in the range r/2 to r/3 is expressed as:

TP(r/2 ( d > r/3) = ((Ad + (1-E.11)*(A - Ad)) / A    [Eq. E.13]




Figure 8.5.8.4.3.2.b

While in the region between r/2 and r/3, transmitting stations are able to receive each other and thus organized. They will, however, reuse slots from stations in the Aloha Zone. The region between r/2 and r/3 is called the discrimination zone.

8.3.18.4.3.3 The Protected Zone

At distances ranging between r/3 to 0, the organized area and the area of discrimination overlap and as a result all transmissions from stations within r/3 are received unless intentional slot reuse is used.
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Figure 8.5.8.4.3.3.a

Automatic slot reuse is performed, by reusing slots from the Aloha Zone. Every reused slot results in discrimination. This allows all transmissions to be received in the region r/3 to 0. Thus, this region is called the Protected Zone.

8.3.18.4.4 Applying the Equations

The equations are applied with respect to distance (0 - r) and a required capacity between 0 and 200%.

Zone
Equation

Protected
TP(net) = 1

Discrimination
TP(net) = E.13

Aloha
TP(net) = E.11

Table 8.5.8.4.4.a
The result is illustrated in diagram 8.5.8.4.4.a.




Diagram 8.5.8.4.4.a

Each line in the diagram illustrates a certain required capacity. The top most line shows 10% required capacity and the bottom line shows 200%. The diagram illustrates how the net throughput varies with distance between transmitting stations and a receiving station.

Table 8.5.8.4.4.b below illustrates the same results as in diagram 8.5.8.4.4.a above.

Required Capacity and Net Throughput

Dist
10%
50%
100%
150%
200%

0,00
100%
100%
100%
100%
100%

0,05
100%
100%
100%
100%
100%

0,10
100%
100%
100%
100%
100%

0,15
100%
100%
100%
100%
100%

0,20
100%
100%
100%
100%
100%

0,25
100%
100%
100%
100%
100%

0,30
100%
100%
100%
100%
100%

0,35
94%
75%
60%
50%
45%

0,40
92%
68%
48%
36%
29%

0,45
90%
63%
40%
26%
18%

0,50
90%
61%
37%
22%
14%

0,55
90%
61%
37%
22%
14%

0,60
90%
61%
37%
22%
14%

0,65
90%
61%
37%
22%
14%

0,70
90%
61%
37%
22%
14%

0,75
90%
61%
37%
22%
14%

0,80
90%
61%
37%
22%
14%

0,85
90%
61%
37%
22%
14%

0,90
90%
61%
37%
22%
14%

0,95
90%
61%
37%
22%
14%

1,00
90%
61%
37%
22%
14%

Table 8.5.8.4.4.b
8.3.18.4.5 Effects of Intentional Slot Reuse

All stations maintains an image of the TDMA data link. Slots are marked as free, reserved or available.

· A slot is free if the receiving station detected only noise, with little or no carrier, in it.

· A slot is reserved if the receiving station has received data (with correct checksum) indicating that the slot is occupied.

· A slot is available if a receiving station detected a carrier, an aborted data burst or data with incorrect checksum.

For reasons of simplicity, it is assumed that stations select slots from free, as well as, available slots. Intentional slot reuse then only affects reserved slots. So, as long as there is a set of free or available slots to select from, only automatic slot reuse is needed. 

Using this simplified reasoning, although the required capacity is over 100% of available, a receiving station will still receive garbled transmissions and thus use automatic slot reuse, since these slots are marked available.

Only slots in the protected zone will need to apply intentional slot reuse, since this is the only area in which garble does not occur on an overloaded data link.

8.3.18.4.5.1 Required Capacity

When a station determines that 100% of all slots are reserved, it will need to apply intentional slot reuse. Based on the previous assumptions, this will only occur in the protected zone and part of the discrimination zone. The size, of the these zones, is 1/4 of the whole VHF cell. As a consequence, intentional slot reuse will be applied only when the required capacity approaches 700% of available. At this load, the VHF cell boundary has since long shrunk to r/3.

8.3.18.4.5.2 Effects

As soon as stations begin to apply intentional slot reuse, garbled slots will again reappear. Since slots are now selected from stations within r/3, this radius becomes the outer perimeter and the new radius r. Since garbled slots reappear, stations will tend to return to automatic slot reuse. This can cause unwanted contention. In reality, intentional slot reuse is applied even though the link appears to be less than 100% reserved. Slots shall always be selected from a combination of free, available and reserved slots. The mix of these three categories may vary depending on the load.

8.3.18.5 Example

The example presented in this section extends the scenario as described below.

8.3.18.5.1 The Scenario

A base station is installed to monitor a port. It is positioned so that it covers an area of a half circle with the radius 2r.




Figure 8.5.8.5.1.a
Within the area (A) there are 225 ships all transmitting position reports 10 times per minute thus allocating 100% of the data link (225 * 10 = 2250 slots).

Each ship has a VHF cell with a radius which is equal to r.

8.3.18.5.2 Experienced Load

Since the area covered by the base station (A) holds 225 ships with an average report rate of 10 times per minute, all slots in the superframe are ideally occupied (assuming one channel at 2250 slots per minute). The required capacity at the base station is then 100%. Each mobile has a cell which is more or less covered by A. The overlapping areas range between 1/8 to 1/2 of the mobile cell area. As a consequence the mobiles will experience a load between 12.5% (1/8) and 50% (1/2). They will happily select from, what they view, as free slots. As a result the base station will experience that the mobile stations use automatic slot reuse.

8.3.18.5.3 Net Throughput

Since the coverage area, of the base station, is larger than that of the mobile stations, the TDMA data link is only saturated at the base station.

The mobile stations experience at most 50% used capacity and will thus apply automatic slot reuse. 

To model the net throughput, table 8.5.8.4.4.b can be applied with a required capacity of 100% (see table 8.5.8.4.4.b). The distance is from the base station to a transmitting mobile unit (1.0 = 2r).

Distance

(0 to 2r)
Net Throughput

(percent)
Net Througput

(reports/minute)

0,00
100%
10

0,05
100%
10

0,10
100%
10

0,15
100%
10

0,20
100%
10

0,25
100%
10

0,30
100%
10

0,35
60%
6

0,40
48%
5

0,45
40%
4

0,50
37%
3-4

0,55
37%
3-4

0,60
37%
3-4

0,65
37%
3-4

0,70
37%
3-4

0,75
37%
3-4

0,80
37%
3-4

0,85
37%
3-4

0,90
37%
3-4

0,95
37%
3-4

1,00
37%
3-4

Table 8.5.8.5.3.a
The results from table 8.5.8.5.3.a are illustrated in the diagram below:




Diagram 8.5.8.5.3.a
8.3.18.5.4 Further Improvements

The throughput at the base station can be further improved by using a directional antenna and multiple receivers. The frequency will be multiplexed and a system redundancy is introduced.

Addendum

The Probability of 

Allocating the Same Slot

An Extended Analysis

Lars H Zetterberg

It may happen that two stations will choose the same slot, if their selection intervals (SI) are overlapping, either completely or partially. In the main text, of Appendix E, the case with complete overlap is analyzed. The analysis is here extended to also cover partial overlap.

Assume that the two selection intervals-SI, overlap in M slots, and call this set M. Observe that this may occur in two ways, namely in the left, or right part of either SI when M < SI. With complete overlap, there is only one possibility. Let first one station have its selection interval (SI) located, and then randomly locate the SI of the other station. Any such event will have the probability:

P(overlap of size M) = 1/(SL-SI);        [Eq. Ad.1]

One has taken into account that the midpoint of SI has only SL-SI possible locations (SL being the total number of slots in one minute).

Consider now the case where the overlap is M slots with M ( SI. The probability that the two stations search in a common set M is:

P(same set) = (M/SI)2;                         [Eq. Ad.2]

With M possibilities, the same slot will be chosen with probability 1/M, and hence the probability of conflict will be M/(SI)2. With 1 ( M ( (SI/2) and SI, even there will be two disjoint sets, each of length M, and hence the probabilities may be added:

P(same slot with overlap of size M) = 2M/(SI)2;

M ( (SI/2)

[Eq. Ad.3]

With M = (SI/2) the probability becomes 1/SI. It may be argued that this expression holds also for M>(SI/2), since then the two M sets will cover the whole selection interval of the first station. One should then add probabilities of conflict in two disjoint sets of size M and SI-M respectively. We conclude:

P(same slot with overlap of size M) = 1/SI;

1/SI < M ( SI

[Eq. Ad.3]

That this expression holds with complete overlap, is already observed in equation C.2.

During n successive transmissions, there is no change in the overlap situation, but independent trials within the SI will take place. This leads to a probability of selecting the same slot in every transmission, given that an overlap of size M has occurred:

(2M)n/(SI)2n;  M(SI/2;
[Eq. Ad.5a]
P(same slot) =


1/(SI)n;  SI/2<M(SI;
[Eq. Ad.5a]
In equation Ad.5a, M and n are known.

By multiplying these expressions by the event probability Ad.1, one gets the probability of conflict, given the overlap to be M with n transmissions. The total probability of conflict is achieved by summation of contributions for each M. It is then convenient to find a closed expression for the sum (Mn with M running from 1 to SI/2. It can be approximated by the integral of xn from x = 0 to SI/2. The result is:

S = (SI/2)(n+1)/(n+1);
[Eq. Ad.6]

We may then write the probability in all of n successive transmissions:

P(conflict) = [(2nS)/(SI)2n + ½(SI)n-1]/(SL-SI);         [Eq. Ad.7]

The expression can be simplified to become:

P(conflict) = C/[(SL-SI)(SI)n-1];          [Eq. Ad.8]

C = [(1/(n+1)) + 1]/2

This expression should be compared to the formula for complete overlap, as given by equation C.8:

P(conflict) = 1 / [( SL-SI )( SI )n ]      [ Eq. Ad.9]

Taking SI = 37 and n = 1, the ratio between Ad.8 and Ad.9 becomes 28, which is a significant difference. The probability of conflict is still small when n = 2 or larger, which is an essential conclusion.

9 Acronyms

ADS-B
Automatic Dependent Surveillance - Broadcast

AIS
Automatic Identification System

AM
Amplitude Modulation.

AMCP
Aeronautical Mobile Communications Panel. Sub-panel to ICAO.

ATC
Air Traffic Control

CNS
Communication Navigation and  Surveillance.

COG
Course Over Ground.

CS
Carrier Sense.

dB
Decibels.

DSC
Digital Selective Calling. A maritime communication system.

FM
Frequency Modulation.

GLONASS
GLObal NAvigation Satellite System. A GNSS operated by Russia.

GMSK
Gaussian Minimum Shift Keying, a signal modulation method.

GNSS
Global Navigation Satellite System. A system, based on the known position of a number of satellites, used in order to continuously derive a position around the globe.

GPS
Global Positioning System. A GNSS operated by the USA.

IALA
International Association of Light house Authorities.

ICAO
International Civil Aviation Organization. International body which deals with standards and legislation.

IMO
International Maritime Organization.

km
Kilometer.

MSL
Mean Sea Level.

nm
Nautical mile. Equal to 1.852 meters.

RSS
Received Signal Strength.

SARPS
Standards And Recommended Practices

SOG
Speed Over Ground.

STDMA
Self-Organized Time Division Multiple Access.

TDMA
Time Division Multiple Access.

VDL
VHF Data Link.

VHF
Very High Frequency. Frequencies in the region 30-300 MHz [Ahlin et al].

VTS
Vessel Traffic Service

10 Vocabulary

Position Sensor
A system which can determine its own position. GNSS receivers and LORAN receivers are a couple of examples.

Carrier Sense
A method of detecting that a data link is available by measuring the received signal strength (RSS).

Required Capacity
The total capacity required by all stations within a given area. Generally specified in number of slots per minute.

Available Capacity
The theoretically available capacity. Generally specified in number of slots per minute.

Perceived Load
The experienced data link load at a receiver, based on the assumption that the receiver only consider successfully received transmissions.
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0.8967124016954838

0.8450686025432257

0.7934248033909677

0.7417810042387095

0.8192467029670967

0.7934248033909677

0.7676029038148385

0.7417810042387095

100.0

2.636232143305636

0.4841229182759271

86084.36900118836

0.6850376424742927

0.31496235752570734

0.0

0.6850376424742927

1.0

0.9370075284948586

0.874015056989717

0.8110225854845756

0.7480301139794341

0.6850376424742927

0.7795263497320049

0.7480301139794341

0.7165338782268633

0.6850376424742927

101.0

2.6310664372898644

0.4886364316582936

85697.20022526283

0.6819566512493233

0.31804334875067675

0.6819566512493233

1.0

0.9363913302498647

0.8727826604997293

0.809173990749594

0.7455653209994586

0.6819566512493233

0.7773696558745263

0.7455653209994586

0.713760986124391

0.6819566512493233

105.0

2.610368354449387

0.5065892960216886

84151.16233710795

0.6696536726439631

0.33034632735603686

0.6696536726439631

1.0

0.9339307345287926

0.8678614690575852

0.8017922035863779

0.7357229381151704

0.6696536726439631

0.7687575708507742

0.7357229381151704

0.7026883053795668

0.6696536726439631

110.0

2.584413248806492

0.5287943243833089

82224.75697692733

0.6543238258703896

0.3456761741296104

0.6543238258703896

1.0

0.9308647651740779

0.8617295303481558

0.7925942955222338

0.7234590606963116

0.6543238258703896

0.7580266781092727

0.7234590606963116

0.6888914432833506

0.6543238258703896

115.0

2.558361432803619

0.5507238666916024

80305.50264448066

0.6390508851674185

0.3609491148325815

0.6390508851674185

1.0

0.9278101770334837

0.8556203540669673

0.7834305311004511

0.7112407081339347

0.6390508851674185

0.747335619617193

0.7112407081339347

0.6751457966506766

0.6390508851674185

120.0

2.532207345558998

0.5723635208501676

78393.75298835321

0.6238376647810727

0.3761623352189273

0.6238376647810727

1.0

0.9247675329562145

0.8495350659124291

0.7743025988686436

0.6990701318248582

0.6238376647810727

0.7366863653467509

0.6990701318248582

0.6614538983029654

0.6238376647810727

125.0

2.5059452457340314

0.5936985997488543

76489.86583940708

0.6086870122388771

0.3913129877611229

0.6086870122388771

1.0

0.9217374024477754

0.8434748048955508

0.7652122073433263

0.6869496097911016

0.6086870122388771

0.726080908567214

0.6869496097911016

0.6478183110149893

0.6086870122388771

130.0

2.479569197411204

0.6147141103797766

74594.2034812571

0.5936018105022367

0.4063981894977633

0.5936018105022367

1.0

0.9187203621004474

0.8374407242008947

0.756161086301342

0.6748814484017893

0.5936018105022367

0.7155212673515657

0.6748814484017893

0.634241629452013

0.5936018105022367

135.0

2.453073054892372

0.6353947315202969

72707.13293488299

0.5785849802313086

0.42141501976869145

0.5785849802313086

1.0

0.9157169960462617

0.8314339920925234

0.7471509881387852

0.6628679841850469

0.5785849802313086

0.705009486161916

0.6628679841850469

0.6207264822081777

0.5785849802313086

140.0

2.4264504462987726

0.6557247898318319

70829.02625867762

0.5636394821727099

0.43636051782729013

0.5636394821727099

1.0

0.912727896434542

0.825455792869084

0.738183689303626

0.6509115857381679

0.5636394821727099

0.694547637520897

0.6509115857381679

0.6072755339554389

0.5636394821727099

145.0

2.3996947558395125

0.6756882342055026

68960.2608653604

0.5487683196814346

0.4512316803185654

0.5487683196814346

1.0

0.9097536639362869

0.8195073278725739

0.7292609918088608

0.6390146557451477

0.5487683196814346

0.6841378237770042

0.6390146557451477

0.593891487713291

0.5487683196814346

150.0

2.372799104598515

0.6952686081652185

67101.21985733185

0.5339745413895204

0.4660254586104796

0.5339745413895204

1.0

0.9067949082779041

0.8135898165558082

0.7203847248337123

0.6271796331116163

0.5339745413895204

0.6737821789726643

0.6271796331116163

0.5805770872505683

0.5339745413895204

155.0

2.3457563296705723

0.7144490201153266

65252.29238220983

0.519261244035316

0.48073875596468396

0.519261244035316

1.0

0.9038522488070632

0.8077044976141264

0.7115567464211896

0.6154089952282529

0.519261244035316

0.6634828708247212

0.6154089952282529

0.5673351196317844

0.519261244035316

160.0

2.318558961454817

0.7332121111929345

63413.8740104753

0.5046315754686909

0.49536842453130914

0.5046315754686909

1.0

0.9009263150937381

0.8018526301874763

0.7027789452812145

0.6037052603749526

0.5046315754686909

0.6532421028280837

0.6037052603749526

0.5541684179218218

0.5046315754686909

165.0

2.291199198888043

0.7515400204538344

61586.36713736835

0.49008873784922163

0.5099112621507784

0.49008873784922163

1.0

0.8980177475698443

0.7960354951396886

0.694053242709533

0.5920709902793773

0.4900887378492216

0.6430621164944551

0.5920709902793773

0.5410798640642994

0.4900887378492216

170.0

2.263668882370272

0.769414347084846

59770.18141141704

0.475635991056317

0.524364008943683

0.475635991056317

1.0

0.8951271982112634

0.7902543964225268

0.6853815946337902

0.5805087928450536

0.47563599105631704

0.6329451937394219

0.5805087928450536

0.5280723919506853

0.47563599105631704

175.0

2.235959464099942

0.7868161092934932

57965.73419225794

0.46127665633243725

0.5387233436675627

0.46127665633243725

1.0

0.8922553312664875

0.784510662532975

0.6767659937994623

0.5690213250659498

0.4612766563324373

0.6228936594327061

0.5690213250659498

0.5151489906991935

0.4612766563324373

180.0

2.2080619754952004

0.8037256994771289

56173.45104072286

0.4470141201830808

0.5529858798169192

0.4470141201830808

1.0

0.8894028240366162

0.7788056480732324

0.6682084721098485

0.5576112961464647

0.44701412018308084

0.6129098841281566

0.5576112961464647

0.5023127081647727

0.44701412018308084

185.0

2.1799669913298363

0.8201228352166217

54393.76624452858

0.4328518385600902

0.5671481614399099

0.4328518385600902

1.0

0.886570367712018

0.773140735424036

0.6597111031360541

0.5462814708480721

0.43285183856009013

0.6029962869920631

0.5462814708480721

0.4895666547040811

0.43285183856009013

190.0

2.151664590156004

0.835986505572907

52627.12338332387

0.41879334135815327

0.5812066586418467

0.41879334135815327

1.0

0.8837586682716306

0.7675173365432613

0.651276004814892

0.5350346730865225

0.41879334135815327

0.5931553389507074

0.5350346730865225

0.4769140072223379

0.41879334135815327

195.0

2.1231443105193355

0.8512949120861407

50873.97593732779

0.40484223725819285

0.5951577627418072

0.40484223725819285

1.0

0.8809684474516386

0.7619368949032771

0.6429053423549157

0.5238737898065542

0.4048422372581928

0.583389566080735

0.5238737898065542

0.4643580135323735

0.4048422372581928

200.0

2.0943951023931953

0.8660254037844387

49134.78794435026

0.39100221895577053

0.6089977810442295

0.39100221895577053

1.0

0.8782004437911541

0.7564008875823082

0.6346013313734623

0.5128017751646163

0.3910022189557705

0.5737015532690394

0.5128017751646163

0.4519019970601934

0.3910022189557705

Distance

Ad

0.35

1.0

0.8725622068599941

0.745124413719988

0.617686620579982

0.490248827439976

0.36281103429997

0.36281103429997

0.4

1.0

0.8354958434836384

0.6709916869672766

0.506487530450915

0.34198337393455325

0.1774792174181916

0.1774792174181916

0.45

1.0

0.8097026207582503
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0.42910786227475073
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0.04851310379125118
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Distance Error =         2002 + 1002    +      22 + 52         =  229 m       [Eq. D.1]
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Distance Error = 2 *       2002 + 1002     =      447 m    [Eq. D.3]
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Position Error =  (SOG*1000)/602          [Eq. D.2]
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Position Error =  2 * ( (SOG*1000)/602 )         [Eq. D.4]
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0.43622392974753016

0.47359020158203624

0.5012799277217287

0.5374317421173155

0.5672679852206042

0.6291093843395099

0.628322440087146

0.6660823838737949

0.035297374613574496

0.07192472535592886

0.11286610878661088

0.14482041173894

0.18198219170109992

0.22068612391193038

0.2589094919693941

0.28616863905325446

0.3251790456264585

0.3659748092957247

0.4034334763948498

0.43673198272999003

0.47438185062452204

0.5038370720188902

0.5342514124293786

0.5861159929701231

0.6099227569815805

0.6508563899868248

0.6904347826086956

0.03691496374423204

0.07592954990215264

0.11524183006535947

0.1471503166314854

0.18177028451001054

0.21889883787388073

0.25754595401207353

0.2948708459773518

0.3283726168449843

0.36365246656629174

0.4049635611581643

0.44125180977837175

0.46830082135523615

0.5250767656090072

0.5328676338885904

0.5905390539053905

0.6096096096096096

0.6349060925332112

0.6944444444444444

0.03797234170482401

0.07331844130057086

0.10887413062803954

0.1488765618871519

0.18182355025392702

0.2264768862577151

0.26471796276013143

0.29955456570155903

0.3385289819775938

0.37106643356643354

0.41096574453210827

0.45459579180509413

0.47881248414108096

0.5252747252747253

0.5492209631728046

0.5852247441032488

0.6316251830161054

0.6657986111111112

0.6969162995594713

0.036387508205945794

0.07479787708943009

0.11163734776725305

0.15347137637028013

0.1860023724792408

0.22783297698402716

0.2638463110566115

0.30646950092421443

0.33608147429679924

0.37525571466690383

0.4139790314528208

0.456401766004415

0.48161209068010075

0.53000300030003

0.5706923209070607

0.6043759767805313

0.6373963770340805

0.679317697228145

0.7189141856392294

0.038174312352149915

0.07399911141827517

0.11539646672144618

0.15253772290809328

0.18973293768545993

0.23312348064576452

0.2608462774504553

0.3043282911487195

0.3415588564127136

0.38288483170372933

0.413283033852874

0.45340997015585277

0.4918740477399695

0.5352133471135391

0.5738494470210489

0.611404667547336

0.6424086757990868

0.6835902085222122

0.7324066029539531

0.035715950948850654

0.07820575329107753

0.11499459515107839

0.15057165057165056

0.18714499252615843

0.22368503542097673

0.2680384459185055

0.3005211774205388

0.34266347687400317

0.3830920877364355

0.42071069987203463

0.458259325044405

0.4976254652804518

0.5423088107007851

0.5670786315600932

0.5984581497797357

0.6535456730769231

0.6784160139251523

0.7126736111111112

0.037151124801642864

0.07857354246818585

0.11862889637742208

0.14900827823767987

0.19285081240768095

0.23257283700941667

0.2710130391173521

0.3060495572587246

0.34575368981369464

0.3843558554559176

0.4190989226248776

0.46554566435872075

0.5035522871743737

0.542145308071013

0.5833932422717469

0.6169014084507042

0.6637605347282767

0.6811594202898551

0.7328825021132713

0.03886411640459986

0.07786905650983321

0.11499765417296565

0.1576296793688098

0.19363364068831856

0.23370672097759673

0.2700088549826306

0.3060045344840196

0.34393156875403486

0.39207553829862335

0.4316136772645471

0.469906129210381

0.5026093439363817

0.5497389791183295

0.5899788285109386

0.6316025067144136

0.6730481603350285

0.6943478260869566

0.7522522522522522

0.04080398269203927

0.07840085598949467

0.11629595064032767

0.15889713210054257

0.19381202568593112

0.2384272344701966

0.27978680340035084

0.3185366941780058

0.3550405004410939

0.38817848520075116

0.4217121090617482

0.47849158857400925

0.5144273547731029

0.5612036225533158

0.5767101268083586

0.6174467150076907

0.6594353640416047

0.7022696929238985

0.7408400357462019

0.04047898567738906

0.07923216296949219

0.11855938378265848

0.16072908036454017

0.20235032740879327

0.2442231584322737

0.2788514632799558

0.3161094224924012

0.3654880234642333

0.39102850504869985

0.4356079528424418

0.47117516629711753

0.5173788463934222

0.548871085214858

0.5952166876461068

0.6422365783025172

0.6685459940652819

0.6996834011759385

0.7237521514629949

0.03761622992392223

0.08273311271169943

0.12363980444724806

0.1633457290336904

0.20638372913237715

0.24168159713335038

0.2800951086956522

0.317078536334971

0.3600385325519788

0.41127665268980285

0.4386768954866992

0.48340134553876696

0.5222961939454842

0.5583778966131907

0.6040943789035392

0.6418219461697723

0.6749179838950193

0.74307083150022

0.7497865072587532

0.04226404520618316

0.07583869541726018

0.12472240871765738

0.158379780365322

0.20360135496523443

0.24159098026933917

0.2869198312236287

0.32310807770194255

0.36803364879074657

0.4098868058012027

0.4476594904206992

0.48954821308159135

0.5283593452607537

0.5618533513270355

0.6016964446850749

0.6399103139013453

0.6822008418520745

0.7219710669077758

0.7421328671328671

0.04173489917185234

0.0825865227509036

0.12516992575551605

0.1631663974151858

0.20390186225243867

0.24040467910211824

0.28341483292583536

0.3243800132460078

0.3685868950472651

0.4021108179419525

0.4530168150346192

0.4906811626358997

0.536086356219405

0.5608633093525179

0.6136282554405994

0.6639621365787695

0.6947094535993061

0.7388059701492538

0.7683664649956785

0.04225022249285681

0.08265078183172003

0.12418130782825658

0.16485598083458688

0.20623101209269076

0.2438426740387032

0.28548190321268807

0.330243938607548

0.36382874816864724

0.4080960854092527

0.45651095903996824

0.4895660814839351

0.5296286876907427

0.5847357543548863

0.6211484593837535

0.6455498550078073

0.6928104575163399

0.7375919117647058

0.7594501718213058

0.041523135648449866

0.08474324725437815

0.12918635170603673

0.16433624867695393

0.2081212333976947

0.24560733384262795

0.29032479571516856

0.3305791220951678

0.3722096408929149

0.4192521877486078

0.4463248547967154

0.4974699201619251

0.5339768830179094

0.576878612716763

0.6299622777079217

0.6700133868808568

0.7052446527981249

0.7479892761394102

0.8267020335985853

0.04193335843373494

0.08656731100290198

0.12803612206767698

0.16541061731131554

0.20475212672337928

0.25279142474318894

0.2957458412871557

0.33562154902253394

0.37085668534827865

0.42592427616926504

0.45863843261428855

0.5085220901547433

0.5438730158730158

0.5843436611285736

0.618132854578097

0.6645218548923896

0.7211819777647748

0.7522727272727273

0.798951048951049

0.039764771772612714

0.08495145631067962

0.12884905955296203

0.16468486573996538

0.21278380159348229

0.24734416997312172

0.2968760775118957

0.33660589060308554

0.3860303054857791

0.41988262493330963

0.47268361016609967

0.5093525179856115

0.5484958506224067

0.5910642719311267

0.636658264314008

0.6799910674408218

0.7178082191780822

0.7784041630529055

0.80550621669627

0.040014837483191915

0.08240258128567883

0.12449487099782405

0.17161642614364517

0.21785460573052332

0.25833706714459453

0.2949242734343021

0.34157639148300334

0.3774727492935002

0.42938446720952633

0.4723012060005883

0.51318391562294

0.5575849822425165

0.5995649021029732

0.6455054214760406

0.6901840490797546

0.7232461355529132

0.7526223776223776

0.8172413793103448

0.04353722409277965

0.08428346766266955

0.12711199455981587

0.17300275482093663

0.21466156421908633

0.25423621648963074

0.3036934760096652

0.34348054285071605

0.3809941753770047

0.44213229434162754

0.4725940400586224

0.5226141767112684

0.5515752032520326

0.618430847104362

0.6479327009128334

0.6914285714285714

0.7321744254566883

0.7728077945084145

0.8224799286351472

0.04691075514874142

0.08629266610845687

0.13417103691780466

0.17274132979898388

0.21340200082874564

0.26380786893384633

0.3002001794712501

0.3435205992509363

0.38593047034764827

0.4327390599675851

0.475726243229936

0.523475976797636

0.5657825630252101

0.6131582873340296

0.6567728008634647

0.6987924356345409

0.7387862796833773

0.7794826830337571

0.8282208588957055

0.044196825694086804

0.0870738287956831

0.1329837441006817

0.173473378401028

0.22062885689097855

0.26336359051941505

0.3034275570121535

0.3535137526731067

0.3973007506788053

0.44568690095846647

0.4886664704150721

0.516940623951694

0.575573112291154

0.6182029659784821

0.6544117647058824

0.7010684246419641

0.7465081723625557

0.7916479568926807

0.8218340611353712

0.04642302807958233

0.08830950378469302

0.1299823998343514

0.17762907349980958

0.2189075381056877

0.261958853969456

0.3129411764705882

0.3601867188676404

0.39355201800932627

0.44082071498969627

0.48585888657338494

0.5305330821234623

0.5726828044650696

0.6203374777975134

0.6664883181737115

0.7158147662734818

0.7556146572104019

0.7860008916629514

0.8415398388540735

0.04439208294062205

0.09010158512047897

0.13102504735845086

0.17881230465537096

0.2232796050675073

0.27262917354322713

0.3160158146632448

0.35635217359431126

0.40244603135516704

0.44294467631649054

0.48845108695652173

0.5401602078371942

0.5771659509977267

0.6373306134343582

0.6744186046511628

0.7172305624019718

0.7564102564102564

0.8189081225033289

0.8541666666666666

0.04258579854177309

0.08903532676014468

0.13388877096157928

0.1793603692713485

0.22478866531729969

0.27047824980920887

0.31232111217118713

0.3590574374079529

0.40678242439064155

0.4575984322109389

0.4839192968437874

0.5401745747538048

0.5760545905707196

0.6301613141926891

0.6767926527728718

0.718987908643081

0.772593896713615

0.8174921909861669

0.8242258652094717

0.04591171540324083

0.08826300391729063

0.13467183895994966

0.1840935287337395

0.23364322048763375

0.27210539650367366

0.3143941962166927

0.3624869849769448

0.41493708122242196

0.45793415781222785

0.5016155879761088

0.5442968492699528

0.5808398290168468

0.6326347305389222

0.6747879444143656

0.7398373983739838

0.7728231394998494

0.8277404921700223

0.8654019873532068

0.04594882235898385

0.0909405085164157

0.1362570967237877

0.1785302672740245

0.23245692481965063

0.2686141562638616

0.31936114293415996

0.3739124076917453

0.4084975269601881

0.46231375985977213

0.49921166732361055

0.550747621205256

0.5957045968349661

0.6393369838685807

0.6892155126615902

0.7262065854758682

0.7801749271137026

0.8166591217745586

0.8620988725065047

0.046690801076765986

0.09111538651275221

0.13908256880733946

0.1836902349526261

0.23705737992287015

0.27480133299154064

0.33031613077546607

0.37012062635798304

0.4121119016817594

0.4651643023882205

0.5113041761279494

0.5532854776366648

0.604359809571536

0.6433504775900073

0.6953973452852956

0.7350178890876565

0.7817966202193892

0.8297213622291022

0.8794014084507042

0.046431401799449906

0.09174910862250792

0.13799719960587045

0.19099318672796764

0.23888921505313215

0.2804731482067177

0.32714837136859215

0.3832979579887287

0.4217147435897436

0.4721268163804491

0.5065629557608167

0.5679964734405996

0.603269893983906

0.6480106888361045

0.690632194085355

0.7490238611713665

0.7882950134368468

0.8367614879649891

0.8990196078431373

0.04658105482632801

0.09673955486138228

0.14391027328734665

0.18929105925392162

0.23421849522478452

0.27518364739699774

0.33060747663551404

0.36905384213277576

0.42419626393008897

0.46849973304858517

0.510327107421682

0.5656800798137679

0.6105879358615424

0.6538633318445735

0.7071783937455579

0.7444246208742195

0.7954887218045112

0.8232497839239412

0.8887900355871886

0.04676663542642924

0.0957367611295846

0.13818581983964787

0.1850402504472272

0.238928084425209

0.28185035389282104

0.3304269600719673

0.366549088771311

0.42373156103096127

0.4700716845878136

0.5208977556109726

0.5720710591409939

0.6122062168309326

0.6670188679245282

0.7083333333333334

0.7607665805340224

0.8116028708133971

0.8509123275478415

0.8921739130434783

0.04989863619609289

0.09551225273103041

0.1431106471816284

0.1863218132854578

0.23462602247984465

0.2863242416517971

0.33223374175306314

0.3807773109243697

0.43230481152812833

0.47846332945285214

0.5179806362378977

0.5694273226493332

0.6201442490193597

0.6531409678388939

0.7282453637660485

0.7618517694190964

0.7975441749026655

0.8624502432551968

0.8964601769911504

0.04871181191046037

0.0974070787735384

0.14801519171739244

0.19894995531724755

0.23172841715888073

0.28411887185311374

0.34039031790910973

0.3843322043881608

0.44103925353925355

0.4763373578919538

0.5335299901671583

0.5799182591406163

0.613472436888202

0.6723832052040213

0.7131616595135909

0.7674008810572687

0.8168273444347064

0.8726640591047371

0.8895759717314488

0.0463010742599803

0.0991604153211784

0.1473695275135334

0.19783616692426584

0.24153271249777566

0.2914223808309967

0.3445321001088139

0.386968085106383

0.4395380987232658

0.4904979764209044

0.5366117000392618

0.5812445030782761

0.6320451919373475

0.675904317386231

0.7214012041598249

0.7741343728502637

0.8278068644560791

0.8710271764163979

0.9171548117154812

0.05032064784908487

0.10044444444444445

0.14451531946042037

0.194266272519382

0.24451038575667655

0.29055168040583385

0.3379861769887519

0.39423862202093696

0.43859789845191305

0.4879167401658141

0.5362838915470495

0.5916055962691539

0.6316186643189536

0.6825514281485866

0.7331895001797915

0.7766143106457243

0.8391524917934945

0.8842297174111212

0.9349220898258478

0.049221708035338665

0.09898035314598358

0.14470563975667594

0.19613413547237077

0.24364431831618777

0.2902801278435796

0.35146358066712047

0.389581642440788

0.44720194647201944

0.4835546840181834

0.5357921871901646

0.5967508623567375

0.6391146680005002

0.6876216135309086

0.7409209383145091

0.7843523997370151

0.8400846432889963

0.8958891867739053

0.9439579684763573

Distance

202.0

1.383508577753182E-4

1.9890601690701143E-4

6.314127861089187E-4

4.959224156931894E-4

5.311614730878187E-4

0.0011300144390733883

0.0012203389830508474

0.0011755198001616339

8.869537171423964E-4

0.0015068250310228684

0.0016757023164120255

8.941544651838605E-4

0.0024813895781637717

0.0016190756549896968

0.0015831134564643799

0.0026338893766461808

0.001224739742804654

9.103322712790169E-4

0.0026690391459074734

203.0

1.3959981386691485E-4

2.9165856503986E-4

7.840267614467908E-4

8.891358710752987E-4

0.0011732957878681216

0.0011191245958716736

0.001919254232641031

0.0015382361558745972

0.0019995201151723585

0.0023763421932758316

0.00299311583358276

0.0029576076240552087

0.0034242232086239698

0.0028023598820058997

0.002735229759299781

0.004278315694663364

0.005675029868578256

0.0034737299174989146

0.006487488415199258

204.0

4.162427157524743E-4

5.922416345869114E-4

7.294706127553147E-4

0.0011581095240721336

0.00167986561075114

0.002621148190768444

0.0021011251186119017

0.004088307440719542

0.0034990642037594595

0.0039626629094751675

0.0037747094467070626

0.0038402457757296467

0.006024852516631103

0.004733727810650888

0.0038095238095238095

0.00697623719206453

0.0041249263406010605

0.007017543859649123

0.006762468300929839

205.0

8.311784263021796E-4

0.0010751637181116215

0.0016677959034763121

0.0020902090209020904

0.00281524926686217

0.0019549725673204264

0.0033884521550555705

0.005096011816838996

0.0050578034682080926

0.004984260230849948

0.005716538537354623

0.006735122005078945

0.007565250283696885

0.00644387831560018

0.005227391531625719

0.008340649692712906

0.009612583745994756

0.008939974457215836

0.005902192242833052

206.0

4.602568233074055E-4

0.0012212398026476478

0.0016629423686535365

0.002098172381425653

0.0030903790087463555

0.0033493427704752274

0.003851611595378066

0.004925384106447107

0.006469131858477757

0.0076376086383987355

0.00672776911076443

0.006674690885217201

0.00829979879275654

0.00924407335619502

0.012031625988312134

0.011013710946280062

0.00838635049161365

0.01174875734297334

0.009918845807033363

207.0

7.4408222108543E-4

0.0017261787334780035

0.002652657859149069

0.003212584468815775

0.004297909920518104

0.004423101225830911

0.004834486000134292

0.0056839152579906994

0.007527316875758802

0.00803284541235273

0.007622253019204118

0.009496466431095406

0.009816420193778685

0.010395314787701318

0.01229946524064171

0.014245014245014245

0.011206896551724138

0.012516184721622789

0.017825311942959002

208.0

4.230317273795535E-4

0.002154011847065159

0.0026605269889997444

0.0031617967727867423

0.004994772912068765

0.005655042412818096

0.006245332971285045

0.006035924660024726

0.008158042069903223

0.00934249955931606

0.010608272506082725

0.010665481613154094

0.012339397023279481

0.013786097808736032

0.015344376634699215

0.012843224092116917

0.014907210222087009

0.01512532411408816

0.01871657754010695

209.0

0.0010173880873103958

0.0017815608452516455

0.0031912110907664137

0.004750331418471056

0.005488410112687569

0.0055475004727983356

0.008500137098985467

0.008613138686131387

0.010601558107782507

0.009785606262788009

0.01148973779829127

0.014186811939620928

0.013460812680840357

0.015377724693938489

0.016509852654003194

0.017996000888691403

0.019155941334929663

0.020166593599298552

0.021145374449339206

210.0

8.845025836785997E-4

0.0017552413456850316

0.003265564099863057

0.005213243857800455

0.005692709846064479

0.006615840211706887

0.007339827136781452

0.008374963267704967

0.01062300319488818

0.011692307692307693

0.012039800995024875

0.013612910308486112

0.013111447302067574

0.016195524146054182

0.014677616634632186

0.0159041394335512

0.019214224261542873

0.021495745633676667

0.021331058020477817

211.0

0.0010199350950394065

0.0020054783799647816

0.0046812539448769196

0.005300156215130551

0.007253946146703807

0.0068100132416924145

0.008919521589296575

0.01124264760628397

0.01277751157961987

0.011811023622047244

0.012186732186732187

0.013293781586464513

0.016248720573183214

0.016352386564525635

0.016958229203855767

0.021243977222952255

0.01800720288115246

0.02058165548098434

0.027538726333907058

212.0

0.0012876523338698552

0.002454590083456063

0.0035751295336787564

0.0062241806664830625

0.008027186969004512

0.008249889791548587

0.00966812945693911

0.009947294187513918

0.012008381689232753

0.012286510979435344

0.013765102000396118

0.01686136213356844

0.017898235745333675

0.018972562755399883

0.022855069834935605

0.021856740965159056

0.024419297200714712

0.023965141612200435

0.026359143327841845

213.0

0.0015260115606936415

0.0023677979479084454

0.003676470588235294

0.006665938148836193

0.008356708742402992

0.009580838323353293

0.00944614339109752

0.01274401473296501

0.013336546959106611

0.016088666428316054

0.017797112912794146

0.018956826649134343

0.02047481472176862

0.018921334922526817

0.024634726469588857

0.028500897666068222

0.024475524475524476

0.02645273200346921

0.02077922077922078

214.0

0.0014380479658579579

0.0030380243041944334

0.00466321243523316

0.005618590442941305

0.008411325672313707

0.009322834645669291

0.011906372615342985

0.012736508871383346

0.01309342115832597

0.017439801699716713

0.019104536102674635

0.018458549222797927

0.021133036282622534

0.023607038123167154

0.02629257102523381

0.024473147518694765

0.03232565100269381

0.02666666666666667

0.027097902097902096

215.0

0.001439918249802592

0.0034853468165529427

0.006038709677419355

0.00800180322326158

0.009204822139081893

0.011420682730923695

0.011989761551933181

0.013658607844569425

0.014121589277166108

0.020053003533568904

0.018002152431268955

0.020054078413699866

0.02235130698320495

0.02054488610987048

0.030729613733905578

0.03335542301745085

0.028131477642878294

0.033318719859710653

0.030025020850708923

216.0

0.0020304568527918783

0.0034256631105021042

0.005083514887436456

0.006994180841539839

0.009069353882631892

0.011238071320944249

0.012656523495354786

0.015601892931085477

0.017690497443804267

0.01748498763687743

0.017708854427213608

0.02126238450406323

0.022306717363751585

0.02774049217002237

0.02562302562302562

0.030856149500217298

0.03225806451612903

0.029436860068259386

0.03842716711349419

217.0

0.0016689073292846877

0.003654140536269814

0.006679438720033138

0.0067552478785171954

0.010923185341789992

0.011353601614734452

0.013309012295635725

0.015976288585267114

0.015971316818774447

0.018698183101076026

0.02154539222407208

0.023450586264656615

0.02633900441083806

0.023966096741195382

0.026461648489182907

0.02914997774810859

0.04107981220657277

0.03383947939262473

0.04331797235023042

218.0

0.0021692975168466724

0.004701273261508325

0.005868910356289602

0.008139918600813992

0.011973918197984589

0.012999937799340673

0.01363419455995637

0.016761405042996648

0.019062748212867357

0.022066458982346833

0.023325062034739455

0.028284167495304387

0.027428864393745193

0.03117188648728128

0.03147529453138737

0.035880398671096346

0.036837376460017966

0.0398947829899167

0.05232067510548523

219.0

0.001964544646615838

0.004454452004503402

0.006274306455794659

0.009598749930241643

0.01038372023631915

0.013579781214635987

0.015472312703583062

0.018080162648852746

0.019587039908593815

0.022626046677356137

0.02339816368841939

0.027384960718294053

0.030314561136478943

0.03252636269122234

0.03328078472587143

0.036946902654867254

0.03760994843797392

0.04382120946538125

0.05263157894736842

220.0

0.0024302472309202226

0.005612722170252572

0.006977826019537912

0.009009009009009009

0.012293144208037825

0.014018985352360597

0.015999459933841897

0.01965692409629684

0.022220406829507395

0.025625055609929708

0.025851011346817956

0.027657447517494167

0.03176604058994075

0.032726739066627535

0.034458509142053444

0.04136885423435131

0.04269196560924993

0.03414634146341464

0.046944198405668734

221.0

0.0016634322151372332

0.005034705249780037

0.006878717351952418

0.00996243671402907

0.012641189208169954

0.015893037336024218

0.015716823834905014

0.021491968018777965

0.02539553752535497

0.023019693654266957

0.02464166503043393

0.03180563224737714

0.03085800301053688

0.0326883611844034

0.03854351687388988

0.041475660336171144

0.04112366058499855

0.04997827031725337

0.03691275167785235

222.0

0.0021531548399176185

0.005207572881685891

0.008453608247422681

0.012332648186211877

0.01375153607583826

0.015013473630180931

0.017946634159555736

0.021123661434648673

0.02484373763747132

0.026170553676339685

0.03172601144853013

0.030372057706909643

0.03558586484810911

0.036379901595348145

0.04336188436830835

0.03897525728049048

0.047005988023952096

0.0490990990990991

0.04475043029259897

223.0

0.0030392337447043656

0.005168210628961482

0.007865515114127083

0.011348538529672277

0.012618483412322275

0.014555492816362382

0.02045143638850889

0.02300455681317066

0.024780754686620002

0.02762720755376814

0.030673636453299142

0.03222246744647981

0.035759096612296114

0.03673705525021695

0.039688164422395464

0.04493138556883577

0.04619076184763048

0.04163052905464007

0.05653710247349823

224.0

0.00251034354516294

0.0055671537926235215

0.007966260543580132

0.010515991935923282

0.017318832013240335

0.01764078096553456

0.019289340101522844

0.0228181091490444

0.026732436948046782

0.027343400947189705

0.031776976313480844

0.036974219810040704

0.042018927444794955

0.04212563262875856

0.03729111697449428

0.051548722586479766

0.049108447822274186

0.05443634804972139

0.054030115146147036

225.0

0.0032490136922719887

0.006549143194800079

0.008625587521305718

0.012228036353621591

0.014557670772676373

0.01810209834011901

0.021562972119214395

0.024694966026156208

0.02519317450096587

0.02870855923917874

0.03412565341749679

0.035738068812430634

0.04212637913741224

0.04565668544322562

0.04301846208998028

0.048732083792723264

0.048512850129945134

0.046312949640287766

0.047872340425531915

226.0

0.0031531113790225357

0.0062714355707986285

0.009739418743200539

0.013289036544850499

0.01667762567995696

0.017719616805459897

0.02175840665711752

0.023377758357002402

0.027432421593005536

0.02851359676141864

0.03309831570701136

0.040615933943316224

0.04010184595798854

0.04317299073797431

0.044945725915875166

0.051465798045602605

0.05639097744360902

0.0584070796460177

0.06283662477558348

227.0

0.0028273879647518966

0.006935156288700649

0.009731352554480046

0.01185792349726776

0.01600188257442052

0.01861602106054908

0.021555827553379574

0.025808850873930828

0.02967874338937564

0.030786873676781935

0.03435715692065367

0.036616300871291495

0.04152159896840748

0.042543986155177384

0.0481283422459893

0.059005524861878454

0.05626450116009281

0.05380168963983993

0.059030837004405284

228.0

0.004194044456871243

0.0062241696957625854

0.00988545426016005

0.014953271028037384

0.016355555555555557

0.02002906425728186

0.023720772619451033

0.02699267234933453

0.030890177082506153

0.032

0.03563585546017169

0.04020652532132264

0.04536765642920861

0.04425819732392295

0.047449795628221075

0.05446527012127894

0.055074971164936565

0.06199460916442048

0.0720486111111111

229.0

0.003389830508474576

0.00630221310274073

0.010275572162540868

0.01262039189637994

0.018126177024482108

0.020904816368026432

0.023505572441742655

0.030991424702873478

0.03445777312615731

0.03322586423070034

0.04113489102689966

0.043120473996050034

0.043958868894601544

0.04788484136310223

0.05066237021124239

0.05606845305111462

0.05970149253731343

0.05758241758241758

0.07019064124783363

230.0

0.0043486306439674315

0.0073960850056703316

0.0110771779077592

0.01521703432043352

0.018321686534734864

0.01875079184087166

0.023774044974261718

0.028422444183313748

0.03435543425911061

0.03727483502764402

0.037730301842414736

0.04118418177845751

0.048137034258564644

0.049664429530201344

0.05664802453545012

0.05877074921489457

0.053169734151329244

0.07400957771005659

0.06950880444856349

231.0

0.0034989180976934763

0.006707168894289186

0.01009839461418954

0.013744756016780746

0.017610801291458762

0.02358877325764743

0.025155088963119503

0.030424925034739998

0.0337603738618967

0.03774941578285098

0.041797180892717306

0.045454545454545456

0.04725665889284399

0.045308434103780805

0.06198723792160438

0.0584857507443641

0.06664683130020826

0.06942647692971109

0.061016949152542375

232.0

0.0034031047503612884

0.007205962193376438

0.01223288943945494

0.015109432285301634

0.019574418057841523

0.021678321678321677

0.02660693680852508

0.026882898677770474

0.034024627349319506

0.03613926840017629

0.04018981212473368

0.046445704317488005

0.054331497245868804

0.052809649897028535

0.06169118950540684

0.0654722406547224

0.06555010106843777

0.07525453740593183

0.055347091932457786

233.0

0.004344445968811451

0.007102693104468778

0.012291666666666666

0.014719768927400989

0.02125506072874494

0.02538680138932744

0.02796679368535656

0.033513434579439255

0.035622593068035946

0.041967156138674085

0.043542218299499856

0.049895821910297185

0.05177215189873418

0.05655603512427444

0.0603882099209202

0.058307068887888336

0.07350779182593355

0.07236842105263158

0.08333333333333333

234.0

0.004019255035752675

0.008240402644823843

0.011407040363373594

0.016202672605790645

0.02032210834553441

0.024410140562248998

0.028811690102012684

0.0294139167337382

0.03944426700734589

0.04048510790083824

0.04422923322683706

0.05425755730262429

0.04796193905104796

0.05652877962608568

0.06583468981732682

0.06592910363513209

0.07157831686133573

0.07872622733303848

0.07699115044247788

235.0

0.003953841202703324

0.009452253999030538

0.013179742631797426

0.015595619953544962

0.020236284945607672

0.024622166246851384

0.02764140157374403

0.034198720305949844

0.0402918524523713

0.04348209560769095

0.04154741932300405

0.048467184801381694

0.05808301134239063

0.058015943312666074

0.06272530641672674

0.06707705370409679

0.0809042236763831

0.06693440428380187

0.08977777777777778

236.0

0.004284051222351572

0.008384407943123314

0.013719274541391675

0.0162267296471242

0.02017461066540821

0.027600581064864523

0.03040064425206362

0.036917535829519024

0.04177336747759283

0.04395506419400856

0.0462953995157385

0.054933875890132246

0.05538694992412747

0.0670431508832899

0.06882591093117409

0.07026071586389748

0.0731266927475173

0.08061674008810572

0.08759757155247182

237.0

0.00425099343868404

0.009252459979438977

0.014750631801536953

0.018962848297213623

0.022361359570661897

0.0273579013116802

0.03268823086917869

0.036360937963787476

0.040351578106272476

0.04616063548102383

0.045668827342368885

0.05330256072095835

0.05706350208307032

0.0631532459885176

0.06980802792321117

0.07082779991146525

0.07478312892611427

0.07736263736263736

0.08776595744680851

238.0

0.004745571582953531

0.009299138606108065

0.014525954079241944

0.0195306088954538

0.02262443438914027

0.026227431105479888

0.03282555944998652

0.03622708195272808

0.039500364993105684

0.04704845814977974

0.04810694769711163

0.05744327614831212

0.060007595898214965

0.061682520808561236

0.06871739521496673

0.07432740538075695

0.0831146106736658

0.07784697508896797

0.08600182982616651

239.0

0.004882542607093505

0.011568123393316195

0.013647772432545493

0.018119920931254117

0.025481849355563437

0.028265659427132515

0.033369654045219285

0.03845594649607444

0.04783057031807726

0.04634596781285727

0.0505177586373754

0.060464599310881405

0.06181910311629085

0.06640281442392261

0.07357859531772576

0.07934454506252694

0.07597477064220183

0.08597883597883597

0.10109289617486339

240.0

0.005318410951301854

0.009427477167828734

0.013856574117160436

0.021607133088999506

0.02569643170005256

0.030916102927230196

0.03415096896598455

0.041753035238377256

0.04490777866880513

0.05019133220610483

0.055823569951757405

0.0547521801523347

0.061755952380952384

0.06650138544553011

0.07247132429614181

0.07294429708222812

0.08579626972740316

0.07747747747747748

0.08763308763308764

241.0

0.00491411990452567

0.011168007802974883

0.016746163417669015

0.019197786998616875

0.02517814726840855

0.029672471239077135

0.03430741067190996

0.0379108838568298

0.044356467641593275

0.051175656984785614

0.05268754833720031

0.06197525408749448

0.06483948737469865

0.07003427209059752

0.0717433456724837

0.08016212564737672

0.0962877030162413

0.09349060725207514

0.08839779005524862

242.0

0.004759016469929548

0.010358914502480304

0.015546975546975548

0.02069764874710233

0.026152665446602514

0.029034094503131127

0.03191122751395686

0.038294744579198826

0.04863123993558776

0.04787568490074553

0.05388226090357911

0.0581726555652936

0.06609087495306046

0.06863468634686347

0.07985512245601932

0.08730512249443208

0.08355243938066025

0.08111587982832617

0.09445958219800181

243.0

0.004961513493461931

0.011448336337506698

0.015512321660181582

0.02145124220203568

0.026278576478906433

0.030337290371207838

0.03659198913781399

0.042366107114308556

0.046983105390185034

0.051876955161626694

0.057112068965517244

0.062549041587266

0.06602715834060047

0.07242712671029149

0.07803830320386612

0.07866609662248825

0.0917239318792949

0.09027169149868536

0.0948509485094851

244.0

0.005347347070483566

0.012097761669197238

0.015390177141971802

0.021575457916619845

0.025642547634593695

0.03263329979879276

0.03801585688147997

0.04364579473879215

0.04790467698792251

0.05337450374944861

0.055848982785602505

0.06458123107971746

0.0660941000746826

0.07705804942243018

0.08285816108339274

0.08201117318435754

0.08696951583980873

0.09910676307954062

0.11168384879725086

245.0

0.006269885831929628

0.010386784053813434

0.017453638772011844

0.021183142444123206

0.026148368645304385

0.033023021763743866

0.03802125919869174

0.04444609334421607

0.052547388626729585

0.0564079822616408

0.06156753530932962

0.06747252747252747

0.07768108523163553

0.07936507936507936

0.08306652436855212

0.08224719101123595

0.09682209682209682

0.09647919524462735

0.09836065573770492

246.0

0.0051945642595426925

0.011446663419386265

0.016857128083148043

0.024173167783760028

0.027395628610565183

0.034417309882323166

0.041500236950781935

0.046001624455438234

0.05064924590692798

0.05279971603514065

0.060756777842793055

0.06750357890100209

0.07020802377414562

0.08066839527513685

0.08119507908611599

0.08338748104829977

0.08628181253879579

0.0958904109589041

0.1068515497553018

247.0

0.006247107820453493

0.012025720316104648

0.016316530261168742

0.02103187643772593

0.028128486699160255

0.03213480330744174

0.0398406374501992

0.04501725783946538

0.05238095238095238

0.05541271389307563

0.06753812636165578

0.06553424657534247

0.07615031625945677

0.08094957239752286

0.08769177126917713

0.09021239325596672

0.0975682087781732

0.08785298072613178

0.10614035087719298

248.0

0.006372073694417509

0.01154450776183926

0.017252957280851283

0.02335872731346628

0.03037313875541318

0.03532937950385817

0.038818622174381055

0.04545789434907537

0.052715400541487496

0.05687959599539293

0.06005144440047487

0.07612761276127612

0.08028455284552846

0.08009885157726414

0.08218701027337628

0.0953757225433526

0.09592760180995476

0.09449866903283052

0.12435677530017153

249.0

0.005911375907652206

0.011021022479001797

0.017434620174346202

0.021005623552762157

0.029302953784720184

0.03555133079847909

0.04310403253134531

0.04813186813186813

0.05476591985866859

0.05791673924403414

0.06871591472483887

0.06898101336928435

0.07223194201449637

0.08704663212435233

0.08678847505270555

0.1032215647600263

0.10175022248590923

0.10686015831134564

0.13533151680290645

250.0

0.006690058479532164

0.013233914374598785

0.01949317738791423

0.024206738632646385

0.03363163128034158

0.03588440774849158

0.04130773926609238

0.048388275710839854

0.05464874379900784

0.055295468598180374

0.0627435697583788

0.07543290043290043

0.07956577266922095

0.08275462962962964

0.0891089108910891

0.1

0.09736842105263158

0.10425716768027801

0.11703056768558952

251.0

0.006615059817030261

0.012485867374526864

0.018472841773812646

0.024927825893848544

0.03198132477385468

0.0369341498831997

0.046596681341009145

0.050333086602516654

0.054228895455634536

0.059218559218559216

0.07493940862821134

0.071467900011012

0.0796658770726842

0.08751814223512337

0.09381701215153682

0.1045594037702762

0.10126219162363741

0.10818059901654001

0.10107334525939177

252.0

0.006403464320265352

0.012631266098672479

0.019130614139122364

0.026071173202794125

0.03458079489411082

0.03637391632114587

0.04524856273249916

0.04934741164393606

0.05565413776415551

0.06337470293108001

0.06941325783461877

0.07806529097062997

0.08061662875916098

0.08864142538975502

0.09643047416089505

0.10589782942337207

0.10778267254038179

0.11394712853236098

0.11483654652137469

253.0

0.00742873061565605

0.011591812978950431

0.021116919414109002

0.024911229471815358

0.03376912704461511

0.03905362776025237

0.047418123367490454

0.05162285210750477

0.056716417910447764

0.06289252543122512

0.07194667712213292

0.08030487131337678

0.08649840725312423

0.08728432651877628

0.1003303773256825

0.10172872340425532

0.11059098888238736

0.12106210621062106

0.10590277777777778

254.0

0.0064456294922327845

0.012726286193459281

0.020042467243254442

0.02680287801395068

0.03407485875706215

0.03981411705601608

0.04335299766771848

0.04908794305205398

0.06008757703535517

0.06910387873383861

0.07558369608231104

0.07550482879719052

0.0832801938528249

0.10052447552447552

0.10319666435024323

0.10925282363162467

0.11551724137931034

0.1234624145785877

0.11818181818181818

255.0

0.005793309661745468

0.014489925354929989

0.021004707951782296

0.025583982202447165

0.0349543177129384

0.0438171874017728

0.047501542257865514

0.05651885191470523

0.05847484780519065

0.07174691951411344

0.07495590828924162

0.07879185817465528

0.0910344827586207

0.09064024841046872

0.10400866738894908

0.11416721239903951

0.11890951276102088

0.12334801762114538

0.129695885509839

256.0

0.006370602899085957

0.014144752831380936

0.021392048419075445

0.02687904430064709

0.033734371313989146

0.04373694537628964

0.0461892202610401

0.05238513315774071

0.06205774705164701

0.06562994201370585

0.0737198645148436

0.0845608292416803

0.08260261786758165

0.10005800464037123

0.10269891342446548

0.11012548680225011

0.11690223792697291

0.11048034934497816

0.12182296231375986

257.0

0.0062180974477958235

0.01434108527131783

0.0202808112324493

0.02684713910173947

0.03784289641457566

0.04427033569017135

0.048503893974586695

0.053591201003912306

0.06472517801424114

0.07081128747795415

0.07841031149301826

0.08216432865731463

0.09258790791803694

0.08817547937245787

0.107421875

0.10521602865457802

0.11683168316831684

0.11503267973856209

0.12018779342723004

258.0

0.006648936170212766

0.014564052605942523

0.02138089278264497

0.028017476788640087

0.034669173815959575

0.04419281785829828

0.048226089302576554

0.05681650700073692

0.06462475946119307

0.06952439996457356

0.08033620015637216

0.08005663871038013

0.0971263646630694

0.09902034664657121

0.10905497664390945

0.10867226167419841

0.12365747460087083

0.12349397590361445

0.14667817083692838

259.0

0.006845806361477204

0.01387671633070406

0.021072299787200915

0.029041519434628977

0.03514265831593598

0.04280521433943344

0.04985436564383933

0.060619501737266206

0.06470682217606646

0.07310199048793377

0.07786407766990291

0.08440487965710518

0.09647913795263752

0.09906012233328361

0.11225012813941568

0.11412453894554134

0.12884902840059792

0.13806793118659022

0.14742451154529307

260.0

0.006981690401331607

0.01414301256057759

0.020799917214259844

0.02903991608237178

0.03851851851851852

0.04279293536747484

0.05290753098188751

0.05479958586007987

0.06768817628939262

0.0696750264924055

0.07681701792397085

0.09077904929577464

0.09916748285994123

0.10205287254467582

0.12327811682650393

0.12984710835364502

0.1321084864391951

0.13339183852566916

0.12632508833922262

261.0

0.007109995817649519

0.014742014742014743

0.02298252911813644

0.03019218169906093

0.037502952988424286

0.04636015325670498

0.05751277683134583

0.06169590643274854

0.06764108810393829

0.07846747325968788

0.08078021869766526

0.08463498393707766

0.09248195170525268

0.09949090909090909

0.11539816772374913

0.11538461538461539

0.1267021906453523

0.13055555555555556

0.15892857142857142

262.0

0.007773719209515782

0.015214115588392554

0.02339331619537275

0.03134160090191657

0.038413731873335306

0.04503412642725011

0.0523963418826927

0.061204925890421064

0.07138864489339615

0.07653822522601597

0.08854116046263

0.0886595650244119

0.10228550018733608

0.10975786573872698

0.11726964890393869

0.12402928777457288

0.13117647058823528

0.1290609701824655

0.1420814479638009

263.0

0.007072528082096796

0.01548867758062935

0.022661985317586977

0.03223640026863667

0.038540747278611356

0.042019973619747505

0.05520547945205479

0.06299846345211092

0.0696999031945789

0.07726114089830359

0.08680622239293259

0.09970969182670836

0.1031441717791411

0.11281041792852817

0.1235934664246824

0.11953923060204304

0.12774806892453952

0.13774354327140914

0.13205907906168549

264.0

0.007308444278931198

0.015726495726495728

0.022530688351375148

0.03170903572009323

0.03968913146654011

0.0459633543868426

0.051007257681611615

0.05796889829889757

0.07167235494880546

0.07643652561247216

0.08946163797392775

0.09422596044555581

0.10377122877122877

0.10677005666567253

0.11806642323074248

0.12290259315755067

0.1349274124679761

0.13887640449438202

0.134394341290893

265.0

0.00788430137625379

0.015413589730881697

0.02437871066043188

0.03259154469775287

0.03816793893129771

0.04944399070176541

0.052606408417025345

0.06584241714829175

0.06901305652420728

0.07515457633022729

0.08627142012999803

0.10202500829921433

0.10747663551401869

0.11190650109569028

0.11645392551145305

0.12976426525666446

0.12719167904903417

0.13518273888154997

0.15649867374005305

266.0

0.008037322740080373

0.015106184707440287

0.02712996295716596

0.034605097975001366

0.04354415622267561

0.04911086858830327

0.05756578947368421

0.0651014664494149

0.07688013398197624

0.0824112596264495

0.09404013177598083

0.09349456947710223

0.11087176887987836

0.12206642066420664

0.1123340321453529

0.12028565052443652

0.1292751804204581

0.15240174672489082

0.15964125560538117

267.0

0.008655564963778343

0.017676519689678878

0.022379884188011893

0.03483935187745396

0.041535041535041534

0.04911775747716181

0.05259640446434539

0.0637007816494996

0.07454705084204645

0.07721801159161837

0.08958149563853768

0.09728279100972828

0.10415359518132765

0.11742538438347905

0.11908962597035992

0.12180484552122695

0.134960305792414

0.14954088325317008

0.15048975957257346

268.0

0.007829873980726465

0.018193535593892526

0.02361798679867987

0.03357446573526975

0.04165206215679402

0.04870681517840287

0.05688420483718416

0.06675035073469689

0.07202414039545779

0.08417568655514805

0.09436923680596429

0.10319137106638497

0.1094853683148335

0.1120727592782749

0.12530842439196335

0.12929112795363354

0.14018126888217522

0.1382882882882883

0.1531279178338002

269.0

0.008478502594514456

0.0173052549478405

0.027095245454077165

0.031280336533275804

0.042083578575632725

0.050291957054059144

0.053977464408609406

0.07041133521289669

0.07810727596823853

0.08525708289611753

0.09282117112669103

0.10033883484533829

0.10426898375519456

0.12467114878690441

0.12912912912912913

0.14498466929478757

0.14179548156956004

0.1559116500649632

0.16636363636363635

270.0

0.00892279241793805

0.017567965452939444

0.024283935242839352

0.03381057268722467

0.046815589353612165

0.055841708542713565

0.058350922584598626

0.07164024299896281

0.07717374026386901

0.0890913916659294

0.1009183469754442

0.1027190332326284

0.11053496901479702

0.11970479704797048

0.12944297082228118

0.13504611330698288

0.14040284360189573

0.15087561742254155

0.1745325022261799

271.0

0.008565410718464778

0.01707447584764314

0.027000052529285078

0.0322937403229374

0.04278479538972001

0.05302600919453366

0.0630362813323424

0.06964626449434903

0.08123838008245089

0.08570677416527912

0.09556012937371361

0.10362413194444445

0.11152559814767173

0.12451823302697895

0.1279150713539854

0.12976268234269542

0.15185636031649422

0.14417989417989419

0.15775401069518716

272.0

0.008676587209031115

0.018551150269211943

0.025916692635296563

0.03757852020679304

0.043198962753418196

0.05371385842472582

0.0611439842209073

0.06952533488642981

0.0819300518134715

0.09019056819179766

0.09209238598551575

0.10529187124931806

0.11003115264797508

0.12001804782674086

0.12680960234561114

0.13881081081081081

0.15047114252061247

0.15232660228270412

0.17280701754385966

273.0

0.00748523873727277

0.01779201577131592

0.027308734625807796

0.03873297226325291

0.043534994068801895

0.05571680969207471

0.059296413357152675

0.07296958986819822

0.08392772230147408

0.0900149293053482

0.10167674010528369

0.11204634892872758

0.11995967741935484

0.11865148861646235

0.1361969617600838

0.1387039502885042

0.15900326312666865

0.16098807495741055

0.1619217081850534

274.0

0.009863961479126736

0.016045929633446195

0.027612596307978694

0.03519464119035853

0.045449261885388816

0.05444451454166929

0.06391920287399173

0.07040599074957786

0.08228204098031337

0.08931868131868131

0.09890325107716412

0.10871003307607498

0.12119649303764828

0.13311027058481234

0.13748870822041553

0.15268014059753954

0.1572867298578199

0.15864759427828348

0.15808491418247517

275.0

0.010546228422794988

0.019444849545476643

0.0259726821192053

0.03875539807330307

0.045872099870451065

0.0543935682432008

0.06053236049182543

0.07342911043389928

0.08339417538736107

0.0938925938925939

0.09886785086863166

0.11088094199738334

0.125

0.125725900116144

0.13233480176211454

0.14684521107580573

0.16285211267605634

0.1578255151249452

0.16226071103008205

276.0

0.00852937130279268

0.01857764876632801

0.02825123794631222

0.03870298597084994

0.04532344458178822

0.05453852021357742

0.06505524861878453

0.07637231503579953

0.08366629375099888

0.09438439230160822

0.10614086717677065

0.11466397397060474

0.12237583205325141

0.13294968275047955

0.1401501608866643

0.1461156278229449

0.14823599169878446

0.1665150136487716

0.18845500848896435

277.0

0.009155883589480076

0.018254477280576248

0.02760928676009203

0.03579727785769614

0.048467569493941556

0.05835461169583359

0.06778192482004798

0.07675565873476495

0.08553100498930863

0.0991915152568895

0.10414246999612853

0.11947052834031

0.1204728370221328

0.12743628185907047

0.1374340949033392

0.1533989266547406

0.16712664826740264

0.17378180250107805

0.18675252989880406

278.0

0.00928923293455313

0.019844567183146783

0.02784771104146329

0.03648871766648321

0.045113669914378506

0.055685333670054925

0.07129186602870813

0.08079257147035168

0.0822334213262939

0.09632457386363637

0.10003926958570587

0.11762749445676275

0.12564522220823365

0.13260869565217392

0.1495570609692548

0.14894532931554025

0.1663371928833663

0.171875

0.18444055944055945

279.0

0.01005454114299265

0.019602019602019603

0.030601149484802984

0.038920516750602145

0.050709577816044175

0.056151065686152316

0.0710862080604874

0.07587995553908855

0.09074177802672641

0.09786148024289361

0.10652280529671408

0.11974977658623771

0.1293697371778515

0.12924774905605577

0.14408824543260945

0.1586951730218206

0.1735159817351598

0.17563989408649602

0.19346049046321526

280.0

0.0097961836668369

0.01841429699842022

0.02694548481065335

0.039591949269368626

0.047627426828553

0.06279025383294103

0.0705536166427154

0.08311936028171081

0.0880467873738183

0.10426791552531589

0.10855520751761942

0.11820072233774762

0.12770481550969356

0.14001463057790783

0.13842939230367404

0.15794066317626526

0.1672992700729927

0.1800614844093105

0.19964349376114082

281.0

0.01013308428671492

0.020983866178362863

0.028771384136858476

0.04285002491280518

0.05192590414583946

0.058756489806255544

0.0695906035711861

0.08064632474933275

0.08698402656966629

0.09914938862307283

0.10648998936067318

0.12008326942040101

0.13511814982403217

0.1496377347331066

0.15550070521861778

0.1633457411867747

0.1626737651582372

0.16204506065857885

0.19669277632724108

282.0

0.00958273247429874

0.0209346165294176

0.028556647697878943

0.03870431893687708

0.05321730894453324

0.05804080598149791

0.06562969027152409

0.07463784101772189

0.09159448187359641

0.1022797835536237

0.1060886507549927

0.12097304404996713

0.13017000761228115

0.14145985401459854

0.14701679171132548

0.16583783783783784

0.17239370995923123

0.18663077613279497

0.188780053428317

283.0

0.010066335761005706

0.020097799511002445

0.031176289611321916

0.04015105236852335

0.051783929935931346

0.06384988350859518

0.07232661889955387

0.08043943080439431

0.09363871803172548

0.09712867777383906

0.1133738006657529

0.12407809110629067

0.1328820358530776

0.1391460137354434

0.1487015297047314

0.16319519003650418

0.17311731173117312

0.1895628902765388

0.19304347826086957

284.0

0.010024244684819097

0.021890252921165507

0.03067261781191613

0.04266504343976537

0.049847703842549204

0.06126080325368582

0.0723257698541329

0.08260997498896572

0.09014452518984241

0.10221238938053097

0.11515032422872863

0.11579181990415692

0.13308080808080808

0.14895833333333333

0.1504297994269341

0.16974494283201408

0.16716328963051252

0.18581687612208259

0.17958067456700091

285.0

0.010519917710865906

0.021039844509232266

0.03315698496673825

0.0431455190771961

0.0530932326459483

0.06261078754114965

0.07506775067750678

0.08290041706299846

0.09494071146245059

0.10335665574351253

0.11321476381717345

0.12476433403571033

0.1389690204439985

0.1403087992804677

0.1546863988724454

0.16357206012378425

0.173785839672323

0.1901813356921716

0.2054794520547945

286.0

0.009356670701052044

0.021422577619823288

0.0312565775626184

0.04257436691363486

0.05216765605324699

0.06385012425922386

0.07367493561068185

0.08341294921731461

0.09636524111369654

0.10023082386363637

0.11877319789021293

0.1245311327831958

0.13302984319676278

0.15484152369874965

0.16229244777718266

0.17315436241610738

0.17621899059024806

0.19043440105309345

0.2328888888888889

287.0

0.009474073389407523

0.022856016944978078

0.03100535640708694

0.041819475614428815

0.0521901211556384

0.061444029614630136

0.07165172507470796

0.0871647509578544

0.10031073221257271

0.10965067043048694

0.11682197155468367

0.12736679876706297

0.14780309706659953

0.15290611028315945

0.16366782006920416

0.16917293233082706

0.18599942146369686

0.1902198295199641

0.20977777777777779

288.0

0.011095505617977529

0.022095126362614265

0.03284080822847596

0.043346385043842715

0.055052346782731444

0.0654951081198978

0.07559291914428269

0.08337629815128526

0.10109819121447028

0.10283719681374742

0.11978505129457744

0.13154347337676928

0.13987058237929317

0.14636735932049144

0.1682761087267525

0.16934046345811052

0.18531169940222034

0.1831818181818182

0.18976169461606354

289.0

0.010551379616228582

0.021378367825068332

0.03316273240025068

0.043320695807314895

0.05632393620151845

0.06683820760637631

0.07573689956331878

0.08978899217943043

0.09691948845813561

0.10987840596432058

0.12822761375816039

0.13161659513590845

0.13996478873239437

0.1523865129178222

0.16417910447761194

0.16490765171503957

0.18486646884272998

0.19877139096094779

0.1930131004366812

290.0

0.010475794914393835

0.020331728196896735

0.03256694901878256

0.04163647511286996

0.05364705882352941

0.06886965312440765

0.07958666940395538

0.08864571092831962

0.1004150052892831

0.11078053902695134

0.12133281523217408

0.13553193820532486

0.1453296004072283

0.15679857185361498

0.1544943820224719

0.1763024840624313

0.18857979502196193

0.2044963251188932

0.22320637732506643

291.0

0.00996339033319431

0.02265875717203151

0.033661315380631794

0.04579732481972808

0.055409740449110526

0.06418493323255228

0.07503066648493935

0.08766304743860671

0.1017324578751681

0.11109171830002618

0.12265774378585086

0.13703744372460744

0.14644767948239393

0.15387962291515592

0.17148262813897489

0.18175660419959358

0.1870967741935484

0.20613441587731168

0.20529197080291972

292.0

0.011972713350967562

0.021613545816733068

0.03471532388769802

0.04525136581866343

0.055634051571882726

0.06828096352026301

0.08298312320725769

0.08962159769860589

0.10270529087862101

0.1107959581634462

0.1236425226661353

0.1346704871060172

0.15240608116597562

0.15808276272700209

0.15977175463623394

0.17066666666666666

0.18669075579644687

0.18554006968641115

0.2177348551360843

293.0

0.011416057033689017

0.023288147375738616

0.035377602817776854

0.04714435204053533

0.05611459689830709

0.06917920829644619

0.07941017316017317

0.0929700191995274

0.1058646139195302

0.11107183882654413

0.11674528301886793

0.1415276359096584

0.14679130874178878

0.1608547262205075

0.16473036240679728

0.18307692307692308

0.20112226816302423

0.20638390905115872

0.20272727272727273

294.0

0.01215890105810284

0.022699051308796504

0.033920451575811424

0.047715680359787196

0.05964809384164223

0.06819763395963814

0.0809571958206943

0.098461991316506

0.10260361748722524

0.11407980312884514

0.1252789907811742

0.13815342837746097

0.15308796007485964

0.16012172148963918

0.17415437987857763

0.1728422453960506

0.18674875403107594

0.2001759788825341

0.23897058823529413

295.0

0.011752186184240966

0.023802555848209932

0.03295972158247607

0.04401961324444934

0.05791483113069016

0.07321120827216442

0.08366887326827271

0.08816568047337278

0.10530980581742003

0.12097204913654976

0.13018500486854917

0.13476733977172958

0.15518121490556405

0.17008797653958943

0.17531432619089782

0.18569832402234637

0.20428189116859946

0.19627442071785553

0.22085889570552147

296.0

0.013622957726698188

0.024614631759236606

0.03478972679832191

0.04653350301554805

0.05954548123788831

0.0736935565702689

0.08276981336218556

0.09753022324408514

0.10990146217418945

0.11800486618004866

0.13022665103556078

0.14697532212273423

0.1589542162759298

0.1598594642072903

0.17960242005185825

0.19829519964109465

0.19203951191167926

0.18914334181509754

0.24394618834080717

297.0

0.01197882811774538

0.02381880175353142

0.03473415612143936

0.048669410150891636

0.060732064421669105

0.07073872721458267

0.08605239756481292

0.09960422163588391

0.1075511189824505

0.1206896551724138

0.12845465161541456

0.14681532177944587

0.14579869548535618

0.17145356465957137

0.17739975698663427

0.19622810956443645

0.20733890214797135

0.19256308100929614

0.23140495867768596

298.0

0.01103300591220148

0.023114706732158336

0.035376874101458206

0.04763757643135075

0.06158737635421573

0.07565810041893328

0.08496462669139364

0.09852616064848932

0.11598746081504702

0.11852836879432624

0.1350401606425703

0.15071018106906647

0.1520638136237022

0.16434131296813043

0.1838478981336124

0.1932938856015779

0.21160714285714285

0.2166000887705282

0.20999153259949196

299.0

0.012541651240281377

0.024025052600675247

0.03761315159712829

0.05166583513498531

0.06166156742763003

0.07042253521126761

0.08336750034167008

0.09872096442222876

0.11077820066402137

0.12190781277807439

0.13777434013342357

0.14732841493404875

0.15558075081884606

0.17586556569607417

0.1856893542757417

0.19765382912793272

0.20182961692395654

0.2244718309859155

0.2252173913043478

300.0

0.011089883975583617

0.02275582181853319

0.03683299228710845

0.049060140014332176

0.05801581168638174

0.0783671412372433

0.08694167463461276

0.09914656771799629

0.10759341100843713

0.12368328651685394

0.13458482320222487

0.1511140525038606

0.15924050632911393

0.1698415006543551

0.18474758324382384

0.20504871567759078

0.21553453711665232

0.22424511545293072

0.2388451443569554

301.0

0.013136517662349719

0.026175687666370896

0.03486248108136319

0.052411363135873155

0.06322245812691672

0.07446408424219632

0.08542884327851026

0.10395638399764238

0.11455828122494789

0.12854475953418082

0.13413678228493042

0.14985590778097982

0.16544982056676155

0.17526084984122184

0.18277495176284864

0.19977116704805492

0.21282885013301803

0.2255907267053054

0.23636363636363636

302.0

0.012798084890894025

0.02601492103478345

0.03558811305070657

0.05409276192574639

0.0635543580131209

0.0737146529562982

0.08535570655942311

0.09843008397225264

0.11024769305488101

0.12115401377146344

0.13258691809074838

0.14423816324288696

0.15968816798692317

0.1794797267838977

0.19066147859922178

0.20039249890972524

0.2141390437078322

0.2070008643042351

0.2234982332155477

303.0

0.012722527728586076

0.025340077591710454

0.03691622657139899

0.050473710454872846

0.06308590295383527

0.07712066157123168

0.09167060730932919

0.10547166990581552

0.12010633156114064

0.13057938036058114

0.14059463661095997

0.1537190082644628

0.16790247580746512

0.18067603948549207

0.18563613905064408

0.2058029689608637

0.230945558739255

0.2398945518453427

0.24003392705682783

304.0

0.013040653424911825

0.026838091513492375

0.03798392987582177

0.055330709097965294

0.06592566454951776

0.07953760130677892

0.09118025896549387

0.10554496112659528

0.11958545866731439

0.13163687593554635

0.1492113255608896

0.15806100217864924

0.17505081300813008

0.19530910670334442

0.19588360539389638

0.2092546159106451

0.22892271662763466

0.23860115095174855

0.2704691812327507

305.0

0.012655836796373252

0.029417513682564504

0.04019709543568465

0.05269243475388173

0.0664643579673926

0.0826062394074446

0.09724109812449035

0.11127785698206648

0.11926380368098159

0.13309859154929576

0.15340186000978953

0.1596368869699989

0.18038174693464795

0.18817442719881744

0.20612714715778288

0.2074844995571302

0.2326688485569771

0.2329246935201401

0.22992700729927007

306.0

0.012761183564717431

0.026808738383690946

0.04139911250326286

0.0546607832322118

0.07068187217866477

0.08380272875203405

0.09537809380555176

0.11493997332147621

0.12610350692475905

0.13550494350282485

0.1532187591028255

0.1730058682895023

0.17948390393459376

0.19630384167636786

0.2039730400851366

0.21898127993034391

0.21697566628041715

0.242756804214223

0.2742081447963801

307.0

0.01484643221675791

0.028167646058957798

0.045186335403726706

0.057138143422789264

0.07111636148848198

0.08627401733015196

0.1000812017864393

0.12100118483412323

0.13361688468020222

0.14344044026273745

0.15242427175070164

0.17549813882198378

0.18339575530586766

0.2056047197640118

0.21967155218082288

0.23255813953488372

0.22869565217391305

0.25365434221840066

0.28278322925958965

308.0

0.014232244351000416

0.029542458127838272

0.04597462034532973

0.058334709151945406

0.07462864642367117

0.09063233335447453

0.09933640303358614

0.12107557065819606

0.13365907478918748

0.14802110817941952

0.1656828020464384

0.18088849791071035

0.18430470347648262

0.21040594625500286

0.2199367088607595

0.23914893617021277

0.24940119760479043

0.27070800555298474

0.2773913043478261

309.0

0.013844862949841507

0.029132824278974758

0.04664935064935065

0.061158385945649194

0.07421553649077448

0.09397925626106754

0.10655904497049447

0.1224895166629883

0.13709546267685802

0.1533769063180828

0.1646394862313905

0.18022932205276634

0.19502437804725592

0.2086712874207344

0.22558220368439347

0.24463327370304114

0.2506787330316742

0.2881433823529412

0.2919831223628692

310.0

0.01510113604876697

0.03131144317734959

0.048163476461458875

0.06266563604240283

0.0796454982979223

0.08890014563414171

0.10445816186556928

0.11999102870813397

0.13975180468813367

0.1557340866955063

0.17154526889040164

0.187513739283359

0.19528748879498015

0.2178959741404643

0.23275862068965517

0.2385076615589607

0.2558411214953271

0.2786885245901639

0.2820738137082601

311.0

0.01507936507936508

0.03194621650799882

0.04929248950396517

0.06208462560921577

0.07860654754766759

0.09751930135425896

0.11141734996210294

0.13540300247777293

0.141306988420115

0.16055535777856889

0.17706593298614523

0.19018809811901882

0.20063532401524778

0.22540564244993422

0.23880597014925373

0.2478519497686715

0.261172373766686

0.2906666666666667

0.2916307161345988

312.0

0.01614408361328854

0.032161884745099956

0.05154639175257732

0.06458390931711364

0.0822022445502086

0.09650592689132999

0.11497054641478772

0.12372287269744202

0.13951087819596633

0.15793213714691776

0.17779951100244498

0.19230769230769232

0.2165572942958102

0.2263681592039801

0.2504381352961795

0.2574658703071672

0.27437774524158126

0.27939876215738285

0.2877070619006103

313.0

0.01634588820333364

0.033840618466475424

0.049277164619928496

0.06899956121105748

0.08303461244637715

0.10305682394723491

0.11992091628033816

0.13252122554448137

0.14548251295336787

0.1633303808680248

0.18859649122807018

0.1961555264307558

0.21622297212848393

0.2376467178669758

0.24058802438149873

0.2854997854997855

0.26890034364261167

0.306948109058927

0.32051282051282054

314.0

0.01594176188720973

0.03341535433070866

0.053624783771033184

0.06914716646334701

0.08491567401816252

0.10231478577253622

0.11874528107625781

0.1393903954389299

0.15353794374549243

0.1681721572794899

0.17951182010378627

0.20283337081178324

0.2221253270213031

0.24136917878654326

0.2687801516195727

0.278472532380527

0.2743515850144092

0.3234634365186182

0.33362143474503025

315.0

0.01758770711839304

0.03503727888504459

0.05413268221725804

0.06921765902468525

0.08556495184402162

0.10266423127794924

0.12481213280502801

0.1406855221808083

0.1545643153526971

0.17222667022506893

0.19154276887430005

0.21280766717490743

0.226533487002177

0.24176144648585593

0.25785270629991125

0.2904158327774072

0.3009478672985782

0.29924745462594066

0.3261261261261261

316.0

0.01826441683664009

0.03681675186787259

0.053025577043044295

0.07049216753694033

0.08796132531541091

0.10617426428159261

0.12059381778741865

0.14296086546141

0.1581131774283662

0.1762820512820513

0.1931773105910353

0.2132863280819654

0.23078870743132043

0.24694767441860466

0.2780332507958967

0.2798846750942559

0.30213749277874064

0.30161501527717155

0.3558282208588957

317.0

0.017481220439580822

0.03559902686063254

0.055677918352712186

0.0703047640004401

0.09021668536340556

0.10730450088006034

0.13084366907455364

0.14567448680351905

0.1617436874702239

0.17507572479446126

0.20035408675125405

0.21783481408358013

0.2372322899505766

0.2619117217187957

0.2711952744961779

0.28949691085613416

0.31996461220878797

0.3324829931972789

0.3574007220216607

318.0

0.019470770385662008

0.037075029308323564

0.055022558730487996

0.0739245825500387

0.09432487675844656

0.11003824691203211

0.1333922261484099

0.15255596878874061

0.17288217328403793

0.17915774446823698

0.20636780935638246

0.21692705406316737

0.24503559385537654

0.2620406968233055

0.2815126050420168

0.2808159722222222

0.3179626280892104

0.32660228270412645

0.36086956521739133

319.0

0.017305893358278764

0.038080768476769264

0.05496774193548387

0.07195541714473037

0.0936296814840742

0.11638984644312128

0.1322553897180763

0.15212395285047076

0.17259900593233926

0.19014891179839633

0.21062432617857493

0.23203194321206744

0.24673548066160925

0.26083163710380924

0.2853132128443587

0.29628811312417147

0.3352634626519977

0.3179372197309417

0.3684210526315789

320.0

0.0208080619576374

0.03963858933255611

0.05767739934880355

0.07532467532467532

0.09538950715421304

0.11889209898253988

0.13455365070691894

0.15394187833979944

0.17017557797727814

0.19672698934972724

0.2117200428307213

0.22455288143077942

0.25442731558160275

0.2697820244849209

0.2905166312809625

0.30679106096767195

0.3204022988505747

0.3313528336380256

0.3765541740674956

321.0

0.020134543914945666

0.03913623560804467

0.0591804979253112

0.07886101996551916

0.0958944454261648

0.11675286993818594

0.14355737594843215

0.16138606514802997

0.18306673129746323

0.1942548098235659

0.21692338072669826

0.2366395180185206

0.26024065540194574

0.2592160862596532

0.2919343326195575

0.3137513751375138

0.3371613663133098

0.34993446920052423

0.39202965708989806

322.0

0.021489440533530937

0.03932751438206705

0.05952011583410901

0.08056611046863814

0.10422732036799813

0.11884806856134603

0.13764274061990212

0.15456142919900426

0.17827588977263598

0.19594411897251013

0.2156234837457545

0.2396694214876033

0.2631578947368421

0.2837298655238658

0.2922422954303932

0.3300438596491228

0.3440828402366864

0.362657091561939

0.3662222222222222

323.0

0.020002771746662356

0.039411764705882354

0.06113833003231523

0.08074016448099577

0.10635660744850381

0.11914974139018544

0.1429344151453685

0.16137546740963413

0.1880553998879193

0.19257746603924353

0.22356288012556405

0.24232722455288144

0.26083650190114066

0.27999406792228976

0.3046416503645741

0.32059874888293116

0.3334317779090372

0.36927348449791764

0.3928888888888889

324.0

0.022344801795063575

0.042920792079207924

0.06358799524768842

0.08424543946932006

0.1064665533212171

0.1254069621838217

0.14669308554249796

0.17004852227613587

0.18990480761539077

0.20318902547657225

0.22413112164296997

0.24567739111402934

0.2763608679101637

0.2936344969199179

0.3137538405928068

0.33810888252148996

0.34442836468885674

0.37112010796221323

0.3903697334479794

325.0

0.021187427240977882

0.04443010325655282

0.0671225011743828

0.0868147315153219

0.10426008968609865

0.12441034027297314

0.1462524111325434

0.17460550458715596

0.18947881149537263

0.2099442625851544

0.22541780023319083

0.2596559558584875

0.27200816534830313

0.2916417910447761

0.30846126383434486

0.34448521476365207

0.3670923670923671

0.37331536388140163

0.43105022831050227

326.0

0.020632929039453508

0.04376572753737603

0.06602547439563296

0.0881067020864464

0.11090747856931718

0.1297358633297611

0.15217686152176862

0.17405558453170406

0.19442883519306414

0.2158493870402802

0.2307767848374742

0.26026795519437734

0.2746770349931017

0.3018337769890565

0.3169627307558342

0.3394475138121547

0.38734706057893165

0.38299776286353465

0.4205933682373473

327.0

0.021403706839777967

0.042824980422866095

0.06633377135348226

0.08072642710813355

0.10591647331786543

0.13452299245024021

0.15370533595498

0.1735992261328968

0.1981917106737078

0.22218291172828586

0.23907979033197438

0.2623041884235085

0.2817258883248731

0.3104874446085672

0.32101372756071805

0.33407721490738673

0.37149465163342005

0.38961625282167045

0.400355871886121

328.0

0.0219846338979913

0.04490433424443577

0.06621348139691764

0.09132017205249807

0.10945186226282502

0.13492714312748375

0.16082051282051282

0.17839488223320732

0.20260237886165883

0.2270994058703556

0.24250389408099687

0.26042014004668224

0.2867009920884089

0.3095343029234611

0.33596271064897815

0.35536105032822757

0.37386993292505105

0.3988541207580432

0.44916003536693194

329.0

0.021688078463876225

0.045669675530617224

0.07060601323537075

0.08895637769188294

0.1127599976160677

0.13328640900947017

0.16378261457347573

0.17899691131048684

0.2084645828285276

0.22784030953218432

0.24282411866692352

0.26508954233915544

0.2877210585726828

0.32029090909090907

0.3344796380090498

0.3625110521662246

0.37429671305892803

0.41644678979771327

0.46174617461746176

330.0

0.023326995316050644

0.04675056533280897

0.07215097487227609

0.08773695688642845

0.11639741996567844

0.1385545964337471

0.16155819605725089

0.18662952646239556

0.19829100782622583

0.23165517843120145

0.2569705358908444

0.27501360914534567

0.2944287295535605

0.315701979749131

0.3416868302799862

0.36187907394920205

0.39367565999419785

0.4160645983850404

0.44587628865979384

331.0

0.021663009477566646

0.04744186046511628

0.07072956039973075

0.09737641535487435

0.11665109761793555

0.14115786143625436

0.15931422375821644

0.18808221203607867

0.2082527401676338

0.23701580684384227

0.25065425995929047

0.2910099889012209

0.3032612770211171

0.32080344332855093

0.35364564987671715

0.3644295302013423

0.41085731237021655

0.4332892998678996

0.44493783303730017

332.0

0.0254276045001372

0.0482738154120091

0.07026471344127473

0.09519636303883441

0.11974529803667236

0.1466346153846154

0.17062984169754125

0.18869021660125018

0.21692869620454183

0.23694637668398344

0.2640803465931469

0.2850161057425303

0.2975652610441767

0.3302981348215597

0.3586881868131868

0.389733421458471

0.3978965819456617

0.414612676056338

0.45958219800181654

333.0

0.022443546906554066

0.04673267326732673

0.07305060141020324

0.09548939006777024

0.1193880553103854

0.14355617691916625

0.1675403092031053

0.1956945694569457

0.21980447808262377

0.23799010950194277

0.2601499367150229

0.290929203539823

0.31635116249523565

0.33607399794450155

0.3728102189781022

0.37877799521635136

0.41429401510749564

0.46239430351579885

0.4527272727272727

334.0

0.025149250223287737

0.04785044875291317

0.07430388987381374

0.09952659426343637

0.12070300863866547

0.14300228600457202

0.16233632686638788

0.19691603954552162

0.21836668818592642

0.24659593280282935

0.26944085807925316

0.29783233797832337

0.32615230460921846

0.3519732051842144

0.381260945709282

0.39330822069576776

0.4056746151524298

0.4469439728353141

0.493953488372093

335.0

0.024866867330400555

0.05096040768326147

0.0774495866898331

0.10003901242824499

0.12631827019383726

0.1466094203813613

0.17544704264099037

0.1996727894697702

0.22009993552546744

0.24917858094307788

0.2661217980663809

0.29788646674781455

0.3154135338345865

0.3446107784431138

0.3808165448386522

0.3941734716398146

0.4173637150274012

0.43819229065130705

0.4574468085106383

336.0

0.025833021340321977

0.05193200909180749

0.07168086432578434

0.09970139349701393

0.12189602810694933

0.15141091789285943

0.17954911433172302

0.20001494321578003

0.22563978364414305

0.25545774647887326

0.2848791121680539

0.3066608045724335

0.32809304703476483

0.35778175313059035

0.37305605786618445

0.4037827138772817

0.42942227516378795

0.45475113122171945

0.5022143489813995

337.0

0.02630715123094959

0.05391089108910891

0.07564176901586632

0.10259711183253106

0.12775461584276354

0.1565056237218814

0.18077834179357022

0.20294117647058824

0.23644357596482657

0.25765651820399316

0.2860437136555043

0.30592734225621415

0.3309039764735967

0.36844424856765096

0.38476702508960575

0.4207821229050279

0.42806707855251547

0.46636971046770603

0.4982394366197183

338.0

0.027217646501940737

0.05214345616891125

0.07729266764152914

0.10460737623214088

0.13115422711647148

0.1571518987341772

0.1849615806805708

0.20346097201767305

0.23122274269100307

0.25136221527467617

0.2932293722858271

0.30763274336283186

0.3411014190860565

0.3551678249297649

0.39777087520555454

0.4129119031607263

0.4552347623213765

0.46613896218117856

0.5054744525547445

339.0

0.026059551248882828

0.05283259070655633

0.07840963092032315

0.10646848334709606

0.13087465443209223

0.15992121481669738

0.18495893572252767

0.21001941167687024

0.23979099678456592

0.2591365102113938

0.28773631594575866

0.3170103092783505

0.3459857660132351

0.36435732455484066

0.3877884790114483

0.4200892857142857

0.4538595473012188

0.4577338129496403

0.49601417183348095

340.0

0.027793400824896886

0.05363984674329502

0.0815145937417828

0.10652787774763302

0.13319890878899301

0.15865475964278927

0.18285172903837044

0.21248153618906943

0.24206984940724127

0.2682428228601902

0.2951195219123506

0.31951886276653907

0.35303860364377626

0.37591078066914496

0.39060500822518734

0.4320960213380751

0.4615827338129496

0.4834916327453641

0.5215439856373429

341.0

0.02843781000519628

0.05157621218806687

0.08168601610710177

0.10756368533273482

0.13559423053999284

0.16727318358639728

0.18985369818477377

0.221828385762812

0.2532435939020435

0.268225216382618

0.2962605082616678

0.31722595078299776

0.3500884061631725

0.3798084008843036

0.4111883128451808

0.42178217821782177

0.4639236732259988

0.5025553662691652

0.484375

342.0

0.02807996280799628

0.05571209649513075

0.08051538259268998

0.10809161998779879

0.13778705636743216

0.1690722960513766

0.19352869352869354

0.21653396830121288

0.2420545746388443

0.26981065918653574

0.29910937656359454

0.33845468715208193

0.3533537362917623

0.38348168685247336

0.41400709219858156

0.42791612057667106

0.47529961999415377

0.47600518806744485

0.5182608695652174

343.0

0.029973130732882425

0.05408213755566551

0.08159072952330787

0.11593722369584439

0.13486921046316294

0.1723704076497232

0.19753169678985702

0.22764888429141422

0.25953090997017814

0.2877966402986401

0.30518709166501684

0.3411330049261084

0.36391792489353464

0.38771310993533215

0.4207929515418502

0.4418915904528218

0.47408270238788586

0.516331096196868

0.5152603231597845

344.0

0.02814460990915051

0.0556496612196094

0.08797868449924247

0.11585903083700441

0.1513647642679901

0.17075351213282247

0.20288872313012815

0.2275

0.2591720779220779

0.27998232434821035

0.3080444098169069

0.3317695832424176

0.3695185138379881

0.4018761167361525

0.41769257826239886

0.45630195461694

0.4615617433414044

0.5080051925573345

0.5338541666666666

345.0

0.029674834622193235

0.058370591157476406

0.08612490201201986

0.11864123159303883

0.14505038529934797

0.1670095380587245

0.19911262798634813

0.22959667420319452

0.26294628497909295

0.2796352583586626

0.32110894941634244

0.34792728884947904

0.3716611549224116

0.4060973804943022

0.4400863620007197

0.4575750931813199

0.4794352363413137

0.5122932498882432

0.5196581196581197

346.0

0.0307627277850836

0.05957531453578

0.08842510669303633

0.12020279110335805

0.1459265890778872

0.1823003194888179

0.212207916070577

0.23710433763188746

0.2678280690328883

0.28426081571264267

0.32103649490653746

0.34768361581920904

0.3888817727680287

0.4024246008279125

0.44148361541231546

0.4670353982300885

0.5047619047619047

0.5309389874513197

0.5299657534246576

347.0

0.028743625405656004

0.05945600942655145

0.08709305977179943

0.12073712006292488

0.14637051152265826

0.17390202167437735

0.209548155312975

0.24287502761617202

0.26676720374632906

0.2929582512094607

0.32843947496353915

0.352076889085285

0.38606068300114255

0.4206917113893858

0.4465948511959102

0.46204912591281255

0.513431934802294

0.5511953089760938

0.547752808988764

348.0

0.03154916293327045

0.0569857535616096

0.09074723778603969

0.1211298809194129

0.15124842823783008

0.18453109893651304

0.20964217426932533

0.24645704162976084

0.2665069860279441

0.3029685423128046

0.32653876898481216

0.3539319576129392

0.389404971127291

0.41697858960922296

0.45187454938716654

0.4791758972086841

0.5164233576642335

0.53487358326068

0.5556569343065694

349.0

0.031296433878157504

0.06330370885258925

0.09156341576268573

0.11884362390138743

0.1530167334433184

0.17918338747690934

0.21065325248070563

0.24135349603234016

0.27317269076305223

0.3044161284691918

0.33454760263857436

0.3701928436071787

0.39851262982433644

0.413946587537092

0.4616881967793311

0.48351400180668475

0.5228973361269081

0.5409090909090909

0.5697980684811238

350.0

0.031914893617021274

0.05831332385945999

0.09392670157068063

0.12177777777777778

0.1504456541245439

0.18498284843094906

0.20958165563365863

0.24578798270463695

0.2804020921869892

0.3020266047674315

0.33857957898878616

0.36345359097509217

0.3943058704963467

0.43241257713781955

0.46090828138913625

0.48626071664102

0.5304733727810651

0.5569677712210622

0.5743362831858407

351.0

0.03192584963954686

0.059860720106682475

0.0991964238199138

0.12225792155993796

0.15254946500089664

0.18218365133048306

0.21359026369168357

0.24924924924924924

0.275630659767141

0.31170336037079954

0.34129392189488106

0.3685875706214689

0.4068544722835259

0.43798734735912903

0.46687478321193204

0.485386690647482

0.5375259566894097

0.5553067622033139

0.5821596244131455

352.0

0.032202743902439025

0.06440711658880827

0.09220745373990097

0.1280286497677802

0.15468591540893634

0.1936179661231999

0.216741711011052

0.24618122497404715

0.2823204419889503

0.3224973281083007

0.3381379041682898

0.36988125624237045

0.41072097963263776

0.43699851411589896

0.4704630122405535

0.513989865609165

0.526407428903076

0.563563115487914

0.5869365225390984

353.0

0.02959603515990275

0.06109403210852486

0.09617492041955852

0.1291723049165539

0.1567879907070948

0.1944831076806276

0.22630218958248333

0.2560782837786978

0.28771620755925686

0.31076017130620986

0.3382987063896511

0.3895989422653151

0.41507024265644954

0.4515415252987166

0.4724203932486515

0.5102581072137657

0.5261303581914268

0.5659955257270693

0.6245387453874539

354.0

0.030506264263425086

0.06295327840544675

0.09767851590838429

0.1273878397554852

0.1599741313422306

0.1903103229892337

0.2233381157340985

0.25869805075395363

0.291686805219913

0.32453567937438904

0.35562518358954276

0.37524950099800397

0.4126882818483533

0.4547985347985348

0.4823819591261452

0.5118968201022904

0.5434719395173015

0.5800789820096534

0.6022530329289428

355.0

0.0302018158724185

0.06381510865815798

0.09712362622916337

0.13249053241256403

0.15819275687153475

0.19503231529590673

0.22265086800771564

0.26278777111555257

0.2951585156058

0.3293779216109313

0.3598061517159529

0.38862091646568736

0.426034033039374

0.45846430175123487

0.46582765250830277

0.5342527696133845

0.5643387815750371

0.5636042402826855

0.6012433392539964

356.0

0.03257956842649617

0.06586620926243568

0.0981478549944594

0.13158329205877498

0.1624861135473309

0.19691342213114754

0.23521945353731044

0.25745099468046345

0.29831763664171296

0.3303147135299919

0.3667915598501282

0.39291699251480283

0.417637479644244

0.4488049572145176

0.4922096317280453

0.5254387913796934

0.5539000876424189

0.5845684394071491

0.6326344576116681

357.0

0.034393647512098856

0.06373832699244034

0.10326511482580847

0.12833185250999557

0.16280982027487373

0.20210710055482825

0.23492895571803007

0.26645419507856505

0.3049298073783872

0.32562071727329356

0.3697619516033838

0.3963494132985658

0.4298969072164949

0.4690985830569792

0.49503878766011183

0.5277033065236819

0.5620780745523921

0.5851548269581056

0.6506238859180036

358.0

0.03523591730060204

0.06576231200235919

0.10211377059372086

0.13063590258039348

0.16751690592003796

0.2042811501597444

0.2340937199395355

0.27357589121646453

0.30064836308332665

0.337351533416061

0.37072977522526984

0.4038185630725086

0.43669184483420814

0.4541446208112875

0.5066976245758171

0.5311331133113312

0.5667933352820813

0.6180904522613065

0.6649214659685864

359.0

0.03356298296248022

0.06914079849972857

0.10022504841157691

0.13834477370388973

0.17073027781033875

0.1968558621125071

0.24044663291490395

0.27232840038670336

0.31274884212236936

0.3374375446109921

0.3793412279828839

0.4132259528130672

0.43929110105580693

0.47423748889546935

0.5139378969654199

0.5447444766793127

0.5911256700416915

0.6111111111111112

0.6426666666666667

360.0

0.03399261233459578

0.06990426804946151

0.10212632240494396

0.13574585635359115

0.17476831091180867

0.2065760799897449

0.23942032929650292

0.27736799824727965

0.31099130994528484

0.3430289972169854

0.3726429212810536

0.4093715545755237

0.439139895046717

0.4880212954747116

0.5195659907506226

0.5550282485875706

0.5861471861471862

0.6256247160381645

0.6505190311418685

361.0

0.03261627096594341

0.06732983780075465

0.10108265667291276

0.14148086980456923

0.177853935239896

0.2021612740141557

0.2442217222335856

0.2882366088057811

0.31825917821541455

0.34855790304199175

0.3839066941095756

0.4121584549544607

0.4516169623757393

0.4893869674929494

0.5332275691873788

0.5604444444444444

0.5793602896801449

0.6249441215914171

0.64816472694718

362.0

0.033519295495412424

0.06702096250369058

0.10506122878015452

0.14280207071263354

0.17535766423357665

0.2094871794871795

0.24234921944845608

0.27831378952055813

0.31375530127230533

0.3500854086127843

0.3867381377804249

0.4282397169394073

0.45843600051873945

0.49213182897862234

0.5184601924759406

0.563752276867031

0.6036217303822937

0.6438979963570127

0.6802841918294849

363.0

0.035060202057480276

0.07210950867758495

0.10906418936650396

0.14420869954654872

0.17456667845772905

0.21001443182531215

0.25114592597660257

0.2835401891252955

0.3242318102213023

0.35526785714285714

0.3860155162124528

0.4350526899611758

0.4732290474373649

0.4915935128701086

0.5330163761225568

0.5657130565713057

0.6065959952885748

0.6423641069887834

0.6558139534883721

364.0

0.03670373162457595

0.06970562173870237

0.10924193039638314

0.14485108253654247

0.17645324843768423

0.21616671929270603

0.2559408676429953

0.2885787734116783

0.3216890906143621

0.3664328116567728

0.39464551313832424

0.43622392974753016

0.47359020158203624

0.5012799277217287

0.5374317421173155

0.5672679852206042

0.6291093843395099

0.628322440087146

0.6660823838737949

365.0

0.035297374613574496

0.07192472535592886

0.11286610878661088

0.14482041173894

0.18198219170109992

0.22068612391193038

0.2589094919693941

0.28616863905325446

0.3251790456264585

0.3659748092957247

0.4034334763948498

0.43673198272999003

0.47438185062452204

0.5038370720188902

0.5342514124293786

0.5861159929701231

0.6099227569815805

0.6508563899868248

0.6904347826086956

366.0

0.03691496374423204

0.07592954990215264

0.11524183006535947

0.1471503166314854

0.18177028451001054

0.21889883787388073

0.25754595401207353

0.2948708459773518

0.3283726168449843

0.36365246656629174

0.4049635611581643

0.44125180977837175

0.46830082135523615

0.5250767656090072

0.5328676338885904

0.5905390539053905

0.6096096096096096

0.6349060925332112

0.6944444444444444

367.0

0.03797234170482401

0.07331844130057086

0.10887413062803954

0.1488765618871519

0.18182355025392702

0.2264768862577151

0.26471796276013143

0.29955456570155903

0.3385289819775938

0.37106643356643354

0.41096574453210827

0.45459579180509413

0.47881248414108096

0.5252747252747253

0.5492209631728046

0.5852247441032488

0.6316251830161054

0.6657986111111112

0.6969162995594713

368.0

0.036387508205945794

0.07479787708943009

0.11163734776725305

0.15347137637028013

0.1860023724792408

0.22783297698402716

0.2638463110566115

0.30646950092421443

0.33608147429679924

0.37525571466690383

0.4139790314528208

0.456401766004415

0.48161209068010075

0.53000300030003

0.5706923209070607

0.6043759767805313

0.6373963770340805

0.679317697228145

0.7189141856392294

369.0

0.038174312352149915

0.07399911141827517

0.11539646672144618

0.15253772290809328

0.18973293768545993

0.23312348064576452

0.2608462774504553

0.3043282911487195

0.3415588564127136

0.38288483170372933

0.413283033852874

0.45340997015585277

0.4918740477399695

0.5352133471135391

0.5738494470210489

0.611404667547336

0.6424086757990868

0.6835902085222122

0.7324066029539531

370.0

0.035715950948850654

0.07820575329107753

0.11499459515107839

0.15057165057165056

0.18714499252615843

0.22368503542097673

0.2680384459185055

0.3005211774205388

0.34266347687400317

0.3830920877364355

0.42071069987203463

0.458259325044405

0.4976254652804518

0.5423088107007851

0.5670786315600932

0.5984581497797357

0.6535456730769231

0.6784160139251523

0.7126736111111112

371.0

0.037151124801642864

0.07857354246818585

0.11862889637742208

0.14900827823767987

0.19285081240768095

0.23257283700941667

0.2710130391173521

0.3060495572587246

0.34575368981369464

0.3843558554559176

0.4190989226248776

0.46554566435872075

0.5035522871743737

0.542145308071013

0.5833932422717469

0.6169014084507042

0.6637605347282767

0.6811594202898551

0.7328825021132713

372.0

0.03886411640459986

0.07786905650983321

0.11499765417296565

0.1576296793688098

0.19363364068831856

0.23370672097759673

0.2700088549826306

0.3060045344840196

0.34393156875403486

0.39207553829862335

0.4316136772645471

0.469906129210381

0.5026093439363817

0.5497389791183295

0.5899788285109386

0.6316025067144136

0.6730481603350285

0.6943478260869566

0.7522522522522522

373.0

0.04080398269203927

0.07840085598949467

0.11629595064032767

0.15889713210054257

0.19381202568593112

0.2384272344701966

0.27978680340035084

0.3185366941780058

0.3550405004410939

0.38817848520075116

0.4217121090617482

0.47849158857400925

0.5144273547731029

0.5612036225533158

0.5767101268083586

0.6174467150076907

0.6594353640416047

0.7022696929238985

0.7408400357462019

374.0

0.04047898567738906

0.07923216296949219

0.11855938378265848

0.16072908036454017

0.20235032740879327

0.2442231584322737

0.2788514632799558

0.3161094224924012

0.3654880234642333

0.39102850504869985

0.4356079528424418

0.47117516629711753

0.5173788463934222

0.548871085214858

0.5952166876461068

0.6422365783025172

0.6685459940652819

0.6996834011759385

0.7237521514629949

375.0

0.03761622992392223

0.08273311271169943

0.12363980444724806

0.1633457290336904

0.20638372913237715

0.24168159713335038

0.2800951086956522

0.317078536334971

0.3600385325519788

0.41127665268980285

0.4386768954866992

0.48340134553876696

0.5222961939454842

0.5583778966131907

0.6040943789035392

0.6418219461697723

0.6749179838950193

0.74307083150022

0.7497865072587532

376.0

0.04226404520618316

0.07583869541726018

0.12472240871765738

0.158379780365322

0.20360135496523443

0.24159098026933917

0.2869198312236287

0.32310807770194255

0.36803364879074657

0.4098868058012027

0.4476594904206992

0.48954821308159135

0.5283593452607537

0.5618533513270355

0.6016964446850749

0.6399103139013453

0.6822008418520745

0.7219710669077758

0.7421328671328671

377.0

0.04173489917185234

0.0825865227509036

0.12516992575551605

0.1631663974151858

0.20390186225243867

0.24040467910211824

0.28341483292583536

0.3243800132460078

0.3685868950472651

0.4021108179419525

0.4530168150346192

0.4906811626358997

0.536086356219405

0.5608633093525179

0.6136282554405994

0.6639621365787695

0.6947094535993061

0.7388059701492538

0.7683664649956785

378.0

0.04225022249285681

0.08265078183172003

0.12418130782825658

0.16485598083458688

0.20623101209269076

0.2438426740387032

0.28548190321268807

0.330243938607548

0.36382874816864724

0.4080960854092527

0.45651095903996824

0.4895660814839351

0.5296286876907427

0.5847357543548863

0.6211484593837535

0.6455498550078073

0.6928104575163399

0.7375919117647058

0.7594501718213058

379.0

0.041523135648449866

0.08474324725437815

0.12918635170603673

0.16433624867695393

0.2081212333976947

0.24560733384262795

0.29032479571516856

0.3305791220951678

0.3722096408929149

0.4192521877486078

0.4463248547967154

0.4974699201619251

0.5339768830179094

0.576878612716763

0.6299622777079217

0.6700133868808568

0.7052446527981249

0.7479892761394102

0.8267020335985853

380.0

0.04193335843373494

0.08656731100290198

0.12803612206767698

0.16541061731131554

0.20475212672337928

0.25279142474318894

0.2957458412871557

0.33562154902253394

0.37085668534827865

0.42592427616926504

0.45863843261428855

0.5085220901547433

0.5438730158730158

0.5843436611285736

0.618132854578097

0.6645218548923896

0.7211819777647748

0.7522727272727273

0.798951048951049

381.0

0.039764771772612714

0.08495145631067962

0.12884905955296203

0.16468486573996538

0.21278380159348229

0.24734416997312172

0.2968760775118957

0.33660589060308554

0.3860303054857791

0.41988262493330963

0.47268361016609967

0.5093525179856115

0.5484958506224067

0.5910642719311267

0.636658264314008

0.6799910674408218

0.7178082191780822

0.7784041630529055

0.80550621669627

382.0

0.040014837483191915

0.08240258128567883

0.12449487099782405

0.17161642614364517

0.21785460573052332

0.25833706714459453

0.2949242734343021

0.34157639148300334

0.3774727492935002

0.42938446720952633

0.4723012060005883

0.51318391562294

0.5575849822425165

0.5995649021029732

0.6455054214760406

0.6901840490797546

0.7232461355529132

0.7526223776223776

0.8172413793103448

383.0

0.04353722409277965

0.08428346766266955

0.12711199455981587

0.17300275482093663

0.21466156421908633

0.25423621648963074

0.3036934760096652

0.34348054285071605

0.3809941753770047

0.44213229434162754

0.4725940400586224

0.5226141767112684

0.5515752032520326

0.618430847104362

0.6479327009128334

0.6914285714285714

0.7321744254566883

0.7728077945084145

0.8224799286351472

384.0

0.04691075514874142

0.08629266610845687

0.13417103691780466

0.17274132979898388

0.21340200082874564

0.26380786893384633

0.3002001794712501

0.3435205992509363

0.38593047034764827

0.4327390599675851

0.475726243229936

0.523475976797636

0.5657825630252101

0.6131582873340296

0.6567728008634647

0.6987924356345409

0.7387862796833773

0.7794826830337571

0.8282208588957055

385.0

0.044196825694086804

0.0870738287956831

0.1329837441006817

0.173473378401028

0.22062885689097855

0.26336359051941505

0.3034275570121535

0.3535137526731067

0.3973007506788053

0.44568690095846647

0.4886664704150721

0.516940623951694

0.575573112291154

0.6182029659784821

0.6544117647058824

0.7010684246419641

0.7465081723625557

0.7916479568926807

0.8218340611353712

386.0

0.04642302807958233

0.08830950378469302

0.1299823998343514

0.17762907349980958

0.2189075381056877

0.261958853969456

0.3129411764705882

0.3601867188676404

0.39355201800932627

0.44082071498969627

0.48585888657338494

0.5305330821234623

0.5726828044650696

0.6203374777975134

0.6664883181737115

0.7158147662734818

0.7556146572104019

0.7860008916629514

0.8415398388540735

387.0

0.04439208294062205

0.09010158512047897

0.13102504735845086
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0.0055475004727983356

0.008500137098985467

0.008613138686131387

0.010601558107782507

0.009785606262788009

0.01148973779829127

0.014186811939620928

0.013460812680840357

0.015377724693938489

0.016509852654003194

0.017996000888691403

0.019155941334929663

0.020166593599298552

0.021145374449339206

210.0

8.845025836785997E-4

0.0017552413456850316

0.003265564099863057

0.005213243857800455

0.005692709846064479

0.006615840211706887

0.007339827136781452

0.008374963267704967

0.01062300319488818

0.011692307692307693

0.012039800995024875

0.013612910308486112

0.013111447302067574

0.016195524146054182

0.014677616634632186

0.0159041394335512

0.019214224261542873

0.021495745633676667

0.021331058020477817

211.0

0.0010199350950394065

0.0020054783799647816

0.0046812539448769196

0.005300156215130551

0.007253946146703807

0.0068100132416924145

0.008919521589296575

0.01124264760628397

0.01277751157961987

0.011811023622047244

0.012186732186732187

0.013293781586464513

0.016248720573183214

0.016352386564525635

0.016958229203855767

0.021243977222952255

0.01800720288115246

0.02058165548098434

0.027538726333907058

212.0

0.0012876523338698552

0.002454590083456063

0.0035751295336787564

0.0062241806664830625

0.008027186969004512

0.008249889791548587

0.00966812945693911

0.009947294187513918

0.012008381689232753

0.012286510979435344

0.013765102000396118

0.01686136213356844

0.017898235745333675

0.018972562755399883

0.022855069834935605

0.021856740965159056

0.024419297200714712

0.023965141612200435

0.026359143327841845

213.0

0.0015260115606936415

0.0023677979479084454

0.003676470588235294

0.006665938148836193

0.008356708742402992

0.009580838323353293

0.00944614339109752

0.01274401473296501

0.013336546959106611

0.016088666428316054

0.017797112912794146

0.018956826649134343

0.02047481472176862

0.018921334922526817

0.024634726469588857

0.028500897666068222

0.024475524475524476

0.02645273200346921

0.02077922077922078

214.0

0.0014380479658579579

0.0030380243041944334

0.00466321243523316

0.005618590442941305

0.008411325672313707

0.009322834645669291

0.011906372615342985

0.012736508871383346

0.01309342115832597

0.017439801699716713

0.019104536102674635

0.018458549222797927

0.021133036282622534

0.023607038123167154

0.02629257102523381

0.024473147518694765

0.03232565100269381

0.02666666666666667

0.027097902097902096

215.0

0.001439918249802592

0.0034853468165529427

0.006038709677419355

0.00800180322326158

0.009204822139081893

0.011420682730923695

0.011989761551933181

0.013658607844569425

0.014121589277166108

0.020053003533568904

0.018002152431268955

0.020054078413699866

0.02235130698320495

0.02054488610987048

0.030729613733905578

0.03335542301745085

0.028131477642878294

0.033318719859710653

0.030025020850708923

216.0

0.0020304568527918783

0.0034256631105021042

0.005083514887436456

0.006994180841539839

0.009069353882631892

0.011238071320944249

0.012656523495354786

0.015601892931085477

0.017690497443804267

0.01748498763687743

0.017708854427213608

0.02126238450406323

0.022306717363751585

0.02774049217002237

0.02562302562302562

0.030856149500217298

0.03225806451612903

0.029436860068259386

0.03842716711349419

217.0

0.0016689073292846877

0.003654140536269814

0.006679438720033138

0.0067552478785171954

0.010923185341789992

0.011353601614734452

0.013309012295635725

0.015976288585267114

0.015971316818774447

0.018698183101076026

0.02154539222407208

0.023450586264656615

0.02633900441083806

0.023966096741195382

0.026461648489182907

0.02914997774810859

0.04107981220657277

0.03383947939262473

0.04331797235023042

218.0

0.0021692975168466724

0.004701273261508325

0.005868910356289602

0.008139918600813992

0.011973918197984589

0.012999937799340673

0.01363419455995637

0.016761405042996648

0.019062748212867357

0.022066458982346833

0.023325062034739455

0.028284167495304387

0.027428864393745193

0.03117188648728128

0.03147529453138737

0.035880398671096346

0.036837376460017966

0.0398947829899167

0.05232067510548523

219.0

0.001964544646615838

0.004454452004503402

0.006274306455794659

0.009598749930241643

0.01038372023631915

0.013579781214635987

0.015472312703583062

0.018080162648852746

0.019587039908593815

0.022626046677356137

0.02339816368841939

0.027384960718294053

0.030314561136478943

0.03252636269122234

0.03328078472587143

0.036946902654867254

0.03760994843797392

0.04382120946538125

0.05263157894736842

220.0

0.0024302472309202226

0.005612722170252572

0.006977826019537912

0.009009009009009009

0.012293144208037825

0.014018985352360597

0.015999459933841897

0.01965692409629684

0.022220406829507395

0.025625055609929708

0.025851011346817956

0.027657447517494167

0.03176604058994075

0.032726739066627535

0.034458509142053444

0.04136885423435131

0.04269196560924993

0.03414634146341464

0.046944198405668734

221.0

0.0016634322151372332

0.005034705249780037

0.006878717351952418

0.00996243671402907

0.012641189208169954

0.015893037336024218

0.015716823834905014

0.021491968018777965

0.02539553752535497

0.023019693654266957

0.02464166503043393

0.03180563224737714

0.03085800301053688

0.0326883611844034

0.03854351687388988

0.041475660336171144

0.04112366058499855

0.04997827031725337

0.03691275167785235

222.0

0.0021531548399176185

0.005207572881685891

0.008453608247422681

0.012332648186211877

0.01375153607583826

0.015013473630180931

0.017946634159555736

0.021123661434648673

0.02484373763747132

0.026170553676339685

0.03172601144853013

0.030372057706909643

0.03558586484810911

0.036379901595348145

0.04336188436830835

0.03897525728049048

0.047005988023952096

0.0490990990990991

0.04475043029259897

223.0

0.0030392337447043656

0.005168210628961482

0.007865515114127083

0.011348538529672277

0.012618483412322275

0.014555492816362382

0.02045143638850889

0.02300455681317066

0.024780754686620002

0.02762720755376814

0.030673636453299142

0.03222246744647981

0.035759096612296114

0.03673705525021695

0.039688164422395464

0.04493138556883577

0.04619076184763048

0.04163052905464007

0.05653710247349823

224.0

0.00251034354516294

0.0055671537926235215

0.007966260543580132

0.010515991935923282

0.017318832013240335

0.01764078096553456

0.019289340101522844

0.0228181091490444

0.026732436948046782

0.027343400947189705

0.031776976313480844

0.036974219810040704

0.042018927444794955

0.04212563262875856

0.03729111697449428

0.051548722586479766

0.049108447822274186

0.05443634804972139

0.054030115146147036

225.0

0.0032490136922719887

0.006549143194800079

0.008625587521305718

0.012228036353621591

0.014557670772676373

0.01810209834011901

0.021562972119214395

0.024694966026156208

0.02519317450096587

0.02870855923917874

0.03412565341749679

0.035738068812430634

0.04212637913741224

0.04565668544322562

0.04301846208998028

0.048732083792723264

0.048512850129945134

0.046312949640287766

0.047872340425531915

226.0

0.0031531113790225357

0.0062714355707986285

0.009739418743200539

0.013289036544850499

0.01667762567995696

0.017719616805459897

0.02175840665711752

0.023377758357002402

0.027432421593005536

0.02851359676141864

0.03309831570701136

0.040615933943316224

0.04010184595798854

0.04317299073797431

0.044945725915875166

0.051465798045602605

0.05639097744360902

0.0584070796460177

0.06283662477558348

227.0

0.0028273879647518966

0.006935156288700649

0.009731352554480046

0.01185792349726776

0.01600188257442052

0.01861602106054908

0.021555827553379574

0.025808850873930828

0.02967874338937564

0.030786873676781935

0.03435715692065367

0.036616300871291495

0.04152159896840748

0.042543986155177384

0.0481283422459893

0.059005524861878454

0.05626450116009281

0.05380168963983993

0.059030837004405284

228.0

0.004194044456871243

0.0062241696957625854

0.00988545426016005

0.014953271028037384

0.016355555555555557

0.02002906425728186

0.023720772619451033

0.02699267234933453

0.030890177082506153

0.032

0.03563585546017169

0.04020652532132264

0.04536765642920861

0.04425819732392295

0.047449795628221075

0.05446527012127894

0.055074971164936565

0.06199460916442048

0.0720486111111111

229.0

0.003389830508474576

0.00630221310274073

0.010275572162540868

0.01262039189637994

0.018126177024482108

0.020904816368026432

0.023505572441742655

0.030991424702873478

0.03445777312615731

0.03322586423070034

0.04113489102689966

0.043120473996050034

0.043958868894601544

0.04788484136310223

0.05066237021124239

0.05606845305111462

0.05970149253731343

0.05758241758241758

0.07019064124783363

230.0

0.0043486306439674315

0.0073960850056703316

0.0110771779077592

0.01521703432043352

0.018321686534734864

0.01875079184087166

0.023774044974261718

0.028422444183313748

0.03435543425911061

0.03727483502764402

0.037730301842414736

0.04118418177845751

0.048137034258564644

0.049664429530201344

0.05664802453545012

0.05877074921489457

0.053169734151329244

0.07400957771005659

0.06950880444856349

231.0

0.0034989180976934763

0.006707168894289186

0.01009839461418954

0.013744756016780746

0.017610801291458762

0.02358877325764743

0.025155088963119503

0.030424925034739998

0.0337603738618967

0.03774941578285098

0.041797180892717306

0.045454545454545456

0.04725665889284399

0.045308434103780805

0.06198723792160438

0.0584857507443641

0.06664683130020826

0.06942647692971109

0.061016949152542375

232.0

0.0034031047503612884

0.007205962193376438

0.01223288943945494

0.015109432285301634

0.019574418057841523

0.021678321678321677

0.02660693680852508

0.026882898677770474

0.034024627349319506

0.03613926840017629

0.04018981212473368

0.046445704317488005

0.054331497245868804

0.052809649897028535

0.06169118950540684

0.0654722406547224

0.06555010106843777

0.07525453740593183

0.055347091932457786

233.0

0.004344445968811451

0.007102693104468778

0.012291666666666666

0.014719768927400989

0.02125506072874494

0.02538680138932744

0.02796679368535656

0.033513434579439255

0.035622593068035946

0.041967156138674085

0.043542218299499856

0.049895821910297185

0.05177215189873418

0.05655603512427444

0.0603882099209202

0.058307068887888336

0.07350779182593355

0.07236842105263158

0.08333333333333333

234.0

0.004019255035752675

0.008240402644823843

0.011407040363373594

0.016202672605790645

0.02032210834553441

0.024410140562248998

0.028811690102012684

0.0294139167337382

0.03944426700734589

0.04048510790083824

0.04422923322683706

0.05425755730262429

0.04796193905104796

0.05652877962608568

0.06583468981732682

0.06592910363513209

0.07157831686133573

0.07872622733303848

0.07699115044247788

235.0

0.003953841202703324

0.009452253999030538

0.013179742631797426

0.015595619953544962

0.020236284945607672

0.024622166246851384

0.02764140157374403

0.034198720305949844

0.0402918524523713

0.04348209560769095

0.04154741932300405

0.048467184801381694

0.05808301134239063

0.058015943312666074

0.06272530641672674

0.06707705370409679

0.0809042236763831

0.06693440428380187

0.08977777777777778

236.0

0.004284051222351572

0.008384407943123314

0.013719274541391675

0.0162267296471242

0.02017461066540821

0.027600581064864523

0.03040064425206362

0.036917535829519024

0.04177336747759283

0.04395506419400856

0.0462953995157385

0.054933875890132246

0.05538694992412747

0.0670431508832899

0.06882591093117409

0.07026071586389748

0.0731266927475173

0.08061674008810572

0.08759757155247182

237.0

0.00425099343868404

0.009252459979438977

0.014750631801536953

0.018962848297213623

0.022361359570661897

0.0273579013116802

0.03268823086917869

0.036360937963787476

0.040351578106272476

0.04616063548102383

0.045668827342368885

0.05330256072095835

0.05706350208307032

0.0631532459885176

0.06980802792321117

0.07082779991146525

0.07478312892611427

0.07736263736263736

0.08776595744680851

238.0

0.004745571582953531

0.009299138606108065

0.014525954079241944

0.0195306088954538

0.02262443438914027

0.026227431105479888

0.03282555944998652

0.03622708195272808

0.039500364993105684

0.04704845814977974

0.04810694769711163

0.05744327614831212

0.060007595898214965

0.061682520808561236

0.06871739521496673

0.07432740538075695

0.0831146106736658

0.07784697508896797

0.08600182982616651

239.0

0.004882542607093505

0.011568123393316195

0.013647772432545493

0.018119920931254117

0.025481849355563437

0.028265659427132515

0.033369654045219285

0.03845594649607444

0.04783057031807726

0.04634596781285727

0.0505177586373754

0.060464599310881405

0.06181910311629085

0.06640281442392261

0.07357859531772576

0.07934454506252694

0.07597477064220183

0.08597883597883597

0.10109289617486339

240.0

0.005318410951301854

0.009427477167828734

0.013856574117160436

0.021607133088999506

0.02569643170005256

0.030916102927230196

0.03415096896598455

0.041753035238377256

0.04490777866880513

0.05019133220610483

0.055823569951757405

0.0547521801523347

0.061755952380952384

0.06650138544553011

0.07247132429614181

0.07294429708222812

0.08579626972740316

0.07747747747747748

0.08763308763308764

241.0

0.00491411990452567

0.011168007802974883

0.016746163417669015

0.019197786998616875

0.02517814726840855

0.029672471239077135

0.03430741067190996

0.0379108838568298

0.044356467641593275

0.051175656984785614

0.05268754833720031

0.06197525408749448

0.06483948737469865

0.07003427209059752

0.0717433456724837

0.08016212564737672

0.0962877030162413

0.09349060725207514

0.08839779005524862

242.0

0.004759016469929548

0.010358914502480304

0.015546975546975548

0.02069764874710233

0.026152665446602514

0.029034094503131127

0.03191122751395686

0.038294744579198826

0.04863123993558776

0.04787568490074553

0.05388226090357911

0.0581726555652936

0.06609087495306046

0.06863468634686347

0.07985512245601932

0.08730512249443208

0.08355243938066025

0.08111587982832617

0.09445958219800181

243.0

0.004961513493461931

0.011448336337506698

0.015512321660181582

0.02145124220203568

0.026278576478906433

0.030337290371207838

0.03659198913781399

0.042366107114308556

0.046983105390185034

0.051876955161626694

0.057112068965517244

0.062549041587266

0.06602715834060047

0.07242712671029149

0.07803830320386612

0.07866609662248825

0.0917239318792949

0.09027169149868536

0.0948509485094851

244.0

0.005347347070483566

0.012097761669197238

0.015390177141971802

0.021575457916619845

0.025642547634593695

0.03263329979879276

0.03801585688147997

0.04364579473879215

0.04790467698792251

0.05337450374944861

0.055848982785602505

0.06458123107971746

0.0660941000746826

0.07705804942243018

0.08285816108339274

0.08201117318435754

0.08696951583980873

0.09910676307954062

0.11168384879725086

245.0

0.006269885831929628

0.010386784053813434

0.017453638772011844

0.021183142444123206

0.026148368645304385

0.033023021763743866

0.03802125919869174

0.04444609334421607

0.052547388626729585

0.0564079822616408

0.06156753530932962

0.06747252747252747

0.07768108523163553

0.07936507936507936

0.08306652436855212

0.08224719101123595

0.09682209682209682

0.09647919524462735

0.09836065573770492

246.0

0.0051945642595426925

0.011446663419386265

0.016857128083148043

0.024173167783760028

0.027395628610565183

0.034417309882323166

0.041500236950781935

0.046001624455438234

0.05064924590692798

0.05279971603514065

0.060756777842793055

0.06750357890100209

0.07020802377414562

0.08066839527513685

0.08119507908611599

0.08338748104829977

0.08628181253879579

0.0958904109589041

0.1068515497553018

247.0

0.006247107820453493

0.012025720316104648

0.016316530261168742

0.02103187643772593

0.028128486699160255

0.03213480330744174

0.0398406374501992

0.04501725783946538

0.05238095238095238

0.05541271389307563

0.06753812636165578

0.06553424657534247

0.07615031625945677

0.08094957239752286

0.08769177126917713

0.09021239325596672

0.0975682087781732

0.08785298072613178

0.10614035087719298

248.0

0.006372073694417509

0.01154450776183926

0.017252957280851283

0.02335872731346628

0.03037313875541318

0.03532937950385817

0.038818622174381055

0.04545789434907537

0.052715400541487496

0.05687959599539293

0.06005144440047487

0.07612761276127612

0.08028455284552846

0.08009885157726414

0.08218701027337628

0.0953757225433526

0.09592760180995476

0.09449866903283052

0.12435677530017153

249.0

0.005911375907652206

0.011021022479001797

0.017434620174346202

0.021005623552762157

0.029302953784720184

0.03555133079847909

0.04310403253134531

0.04813186813186813

0.05476591985866859

0.05791673924403414

0.06871591472483887

0.06898101336928435

0.07223194201449637

0.08704663212435233

0.08678847505270555

0.1032215647600263

0.10175022248590923

0.10686015831134564

0.13533151680290645

250.0

0.006690058479532164

0.013233914374598785

0.01949317738791423

0.024206738632646385

0.03363163128034158

0.03588440774849158

0.04130773926609238

0.048388275710839854

0.05464874379900784

0.055295468598180374

0.0627435697583788

0.07543290043290043

0.07956577266922095

0.08275462962962964

0.0891089108910891

0.1

0.09736842105263158

0.10425716768027801

0.11703056768558952

251.0

0.006615059817030261

0.012485867374526864

0.018472841773812646

0.024927825893848544

0.03198132477385468

0.0369341498831997

0.046596681341009145

0.050333086602516654

0.054228895455634536

0.059218559218559216

0.07493940862821134

0.071467900011012

0.0796658770726842

0.08751814223512337

0.09381701215153682

0.1045594037702762

0.10126219162363741

0.10818059901654001

0.10107334525939177

252.0

0.006403464320265352

0.012631266098672479

0.019130614139122364

0.026071173202794125

0.03458079489411082

0.03637391632114587

0.04524856273249916

0.04934741164393606

0.05565413776415551

0.06337470293108001

0.06941325783461877

0.07806529097062997

0.08061662875916098

0.08864142538975502

0.09643047416089505

0.10589782942337207

0.10778267254038179

0.11394712853236098

0.11483654652137469

253.0

0.00742873061565605

0.011591812978950431

0.021116919414109002

0.024911229471815358

0.03376912704461511

0.03905362776025237

0.047418123367490454

0.05162285210750477

0.056716417910447764

0.06289252543122512

0.07194667712213292

0.08030487131337678

0.08649840725312423

0.08728432651877628

0.1003303773256825

0.10172872340425532

0.11059098888238736

0.12106210621062106

0.10590277777777778

254.0

0.0064456294922327845

0.012726286193459281

0.020042467243254442

0.02680287801395068

0.03407485875706215

0.03981411705601608

0.04335299766771848

0.04908794305205398

0.06008757703535517

0.06910387873383861

0.07558369608231104

0.07550482879719052

0.0832801938528249

0.10052447552447552

0.10319666435024323

0.10925282363162467

0.11551724137931034

0.1234624145785877

0.11818181818181818

255.0

0.005793309661745468

0.014489925354929989

0.021004707951782296

0.025583982202447165

0.0349543177129384

0.0438171874017728

0.047501542257865514

0.05651885191470523

0.05847484780519065

0.07174691951411344

0.07495590828924162

0.07879185817465528

0.0910344827586207

0.09064024841046872

0.10400866738894908

0.11416721239903951

0.11890951276102088

0.12334801762114538

0.129695885509839

256.0

0.006370602899085957

0.014144752831380936

0.021392048419075445

0.02687904430064709

0.033734371313989146

0.04373694537628964

0.0461892202610401

0.05238513315774071

0.06205774705164701

0.06562994201370585

0.0737198645148436

0.0845608292416803

0.08260261786758165

0.10005800464037123

0.10269891342446548

0.11012548680225011

0.11690223792697291

0.11048034934497816

0.12182296231375986

257.0

0.0062180974477958235

0.01434108527131783

0.0202808112324493

0.02684713910173947

0.03784289641457566

0.04427033569017135

0.048503893974586695

0.053591201003912306

0.06472517801424114

0.07081128747795415

0.07841031149301826

0.08216432865731463

0.09258790791803694

0.08817547937245787

0.107421875

0.10521602865457802

0.11683168316831684

0.11503267973856209

0.12018779342723004

258.0

0.006648936170212766

0.014564052605942523

0.02138089278264497

0.028017476788640087

0.034669173815959575

0.04419281785829828

0.048226089302576554

0.05681650700073692

0.06462475946119307

0.06952439996457356

0.08033620015637216

0.08005663871038013

0.0971263646630694

0.09902034664657121

0.10905497664390945

0.10867226167419841

0.12365747460087083

0.12349397590361445

0.14667817083692838

259.0

0.006845806361477204

0.01387671633070406

0.021072299787200915

0.029041519434628977

0.03514265831593598

0.04280521433943344

0.04985436564383933

0.060619501737266206

0.06470682217606646

0.07310199048793377

0.07786407766990291

0.08440487965710518

0.09647913795263752

0.09906012233328361

0.11225012813941568

0.11412453894554134

0.12884902840059792

0.13806793118659022

0.14742451154529307

260.0

0.006981690401331607

0.01414301256057759

0.020799917214259844

0.02903991608237178

0.03851851851851852

0.04279293536747484

0.05290753098188751

0.05479958586007987

0.06768817628939262

0.0696750264924055

0.07681701792397085

0.09077904929577464

0.09916748285994123

0.10205287254467582

0.12327811682650393

0.12984710835364502

0.1321084864391951

0.13339183852566916

0.12632508833922262

261.0

0.007109995817649519

0.014742014742014743

0.02298252911813644

0.03019218169906093

0.037502952988424286

0.04636015325670498

0.05751277683134583

0.06169590643274854

0.06764108810393829

0.07846747325968788

0.08078021869766526

0.08463498393707766

0.09248195170525268

0.09949090909090909

0.11539816772374913

0.11538461538461539

0.1267021906453523

0.13055555555555556

0.15892857142857142

262.0

0.007773719209515782

0.015214115588392554

0.02339331619537275

0.03134160090191657

0.038413731873335306

0.04503412642725011

0.0523963418826927

0.061204925890421064

0.07138864489339615

0.07653822522601597

0.08854116046263

0.0886595650244119

0.10228550018733608

0.10975786573872698

0.11726964890393869

0.12402928777457288

0.13117647058823528

0.1290609701824655

0.1420814479638009

263.0

0.007072528082096796

0.01548867758062935

0.022661985317586977

0.03223640026863667

0.038540747278611356

0.042019973619747505

0.05520547945205479

0.06299846345211092

0.0696999031945789

0.07726114089830359

0.08680622239293259

0.09970969182670836

0.1031441717791411

0.11281041792852817

0.1235934664246824

0.11953923060204304

0.12774806892453952

0.13774354327140914

0.13205907906168549

264.0

0.007308444278931198

0.015726495726495728

0.022530688351375148

0.03170903572009323

0.03968913146654011

0.0459633543868426

0.051007257681611615

0.05796889829889757

0.07167235494880546

0.07643652561247216

0.08946163797392775

0.09422596044555581

0.10377122877122877

0.10677005666567253

0.11806642323074248

0.12290259315755067

0.1349274124679761

0.13887640449438202

0.134394341290893

265.0

0.00788430137625379

0.015413589730881697

0.02437871066043188

0.03259154469775287

0.03816793893129771

0.04944399070176541

0.052606408417025345

0.06584241714829175

0.06901305652420728

0.07515457633022729

0.08627142012999803

0.10202500829921433

0.10747663551401869

0.11190650109569028

0.11645392551145305

0.12976426525666446

0.12719167904903417

0.13518273888154997

0.15649867374005305

266.0

0.008037322740080373

0.015106184707440287

0.02712996295716596

0.034605097975001366

0.04354415622267561

0.04911086858830327

0.05756578947368421

0.0651014664494149

0.07688013398197624

0.0824112596264495

0.09404013177598083

0.09349456947710223

0.11087176887987836

0.12206642066420664

0.1123340321453529

0.12028565052443652

0.1292751804204581

0.15240174672489082

0.15964125560538117

267.0

0.008655564963778343

0.017676519689678878

0.022379884188011893

0.03483935187745396

0.041535041535041534

0.04911775747716181

0.05259640446434539

0.0637007816494996

0.07454705084204645

0.07721801159161837

0.08958149563853768

0.09728279100972828

0.10415359518132765

0.11742538438347905

0.11908962597035992

0.12180484552122695

0.134960305792414

0.14954088325317008

0.15048975957257346

268.0

0.007829873980726465

0.018193535593892526

0.02361798679867987

0.03357446573526975

0.04165206215679402

0.04870681517840287

0.05688420483718416

0.06675035073469689

0.07202414039545779

0.08417568655514805

0.09436923680596429

0.10319137106638497

0.1094853683148335

0.1120727592782749

0.12530842439196335

0.12929112795363354

0.14018126888217522

0.1382882882882883

0.1531279178338002

269.0

0.008478502594514456

0.0173052549478405

0.027095245454077165

0.031280336533275804

0.042083578575632725

0.050291957054059144

0.053977464408609406

0.07041133521289669

0.07810727596823853

0.08525708289611753

0.09282117112669103

0.10033883484533829

0.10426898375519456

0.12467114878690441

0.12912912912912913

0.14498466929478757

0.14179548156956004

0.1559116500649632

0.16636363636363635

270.0

0.00892279241793805

0.017567965452939444

0.024283935242839352

0.03381057268722467

0.046815589353612165

0.055841708542713565

0.058350922584598626

0.07164024299896281

0.07717374026386901

0.0890913916659294

0.1009183469754442

0.1027190332326284

0.11053496901479702

0.11970479704797048

0.12944297082228118

0.13504611330698288

0.14040284360189573

0.15087561742254155

0.1745325022261799

271.0

0.008565410718464778

0.01707447584764314

0.027000052529285078

0.0322937403229374

0.04278479538972001

0.05302600919453366

0.0630362813323424

0.06964626449434903

0.08123838008245089

0.08570677416527912

0.09556012937371361

0.10362413194444445

0.11152559814767173

0.12451823302697895

0.1279150713539854

0.12976268234269542

0.15185636031649422

0.14417989417989419

0.15775401069518716

272.0

0.008676587209031115

0.018551150269211943

0.025916692635296563

0.03757852020679304

0.043198962753418196

0.05371385842472582

0.0611439842209073

0.06952533488642981

0.0819300518134715

0.09019056819179766

0.09209238598551575

0.10529187124931806

0.11003115264797508

0.12001804782674086

0.12680960234561114

0.13881081081081081

0.15047114252061247

0.15232660228270412

0.17280701754385966

273.0

0.00748523873727277

0.01779201577131592

0.027308734625807796

0.03873297226325291

0.043534994068801895

0.05571680969207471

0.059296413357152675

0.07296958986819822

0.08392772230147408

0.0900149293053482

0.10167674010528369

0.11204634892872758

0.11995967741935484

0.11865148861646235

0.1361969617600838

0.1387039502885042

0.15900326312666865

0.16098807495741055

0.1619217081850534

274.0

0.009863961479126736

0.016045929633446195

0.027612596307978694

0.03519464119035853

0.045449261885388816

0.05444451454166929

0.06391920287399173

0.07040599074957786

0.08228204098031337

0.08931868131868131

0.09890325107716412

0.10871003307607498

0.12119649303764828

0.13311027058481234

0.13748870822041553

0.15268014059753954

0.1572867298578199

0.15864759427828348

0.15808491418247517

275.0

0.010546228422794988

0.019444849545476643

0.0259726821192053

0.03875539807330307

0.045872099870451065

0.0543935682432008

0.06053236049182543

0.07342911043389928

0.08339417538736107

0.0938925938925939

0.09886785086863166

0.11088094199738334

0.125

0.125725900116144

0.13233480176211454

0.14684521107580573

0.16285211267605634

0.1578255151249452

0.16226071103008205

276.0

0.00852937130279268

0.01857764876632801

0.02825123794631222

0.03870298597084994

0.04532344458178822

0.05453852021357742

0.06505524861878453

0.07637231503579953

0.08366629375099888

0.09438439230160822

0.10614086717677065

0.11466397397060474

0.12237583205325141

0.13294968275047955

0.1401501608866643

0.1461156278229449

0.14823599169878446

0.1665150136487716

0.18845500848896435

277.0

0.009155883589480076

0.018254477280576248

0.02760928676009203

0.03579727785769614

0.048467569493941556

0.05835461169583359

0.06778192482004798

0.07675565873476495

0.08553100498930863

0.0991915152568895

0.10414246999612853

0.11947052834031

0.1204728370221328

0.12743628185907047

0.1374340949033392

0.1533989266547406

0.16712664826740264

0.17378180250107805

0.18675252989880406

278.0

0.00928923293455313

0.019844567183146783

0.02784771104146329

0.03648871766648321

0.045113669914378506

0.055685333670054925

0.07129186602870813

0.08079257147035168

0.0822334213262939

0.09632457386363637

0.10003926958570587

0.11762749445676275

0.12564522220823365

0.13260869565217392

0.1495570609692548

0.14894532931554025

0.1663371928833663

0.171875

0.18444055944055945

279.0

0.01005454114299265

0.019602019602019603

0.030601149484802984

0.038920516750602145

0.050709577816044175

0.056151065686152316

0.0710862080604874

0.07587995553908855

0.09074177802672641

0.09786148024289361

0.10652280529671408

0.11974977658623771

0.1293697371778515

0.12924774905605577

0.14408824543260945

0.1586951730218206

0.1735159817351598

0.17563989408649602

0.19346049046321526

280.0

0.0097961836668369

0.01841429699842022

0.02694548481065335

0.039591949269368626

0.047627426828553

0.06279025383294103

0.0705536166427154

0.08311936028171081

0.0880467873738183

0.10426791552531589

0.10855520751761942

0.11820072233774762

0.12770481550969356

0.14001463057790783

0.13842939230367404

0.15794066317626526

0.1672992700729927

0.1800614844093105

0.19964349376114082

281.0

0.01013308428671492

0.020983866178362863

0.028771384136858476

0.04285002491280518

0.05192590414583946

0.058756489806255544

0.0695906035711861

0.08064632474933275

0.08698402656966629

0.09914938862307283

0.10648998936067318

0.12008326942040101

0.13511814982403217

0.1496377347331066

0.15550070521861778

0.1633457411867747

0.1626737651582372

0.16204506065857885

0.19669277632724108

282.0

0.00958273247429874

0.0209346165294176

0.028556647697878943

0.03870431893687708

0.05321730894453324

0.05804080598149791

0.06562969027152409

0.07463784101772189

0.09159448187359641

0.1022797835536237

0.1060886507549927

0.12097304404996713

0.13017000761228115

0.14145985401459854

0.14701679171132548

0.16583783783783784

0.17239370995923123

0.18663077613279497

0.188780053428317

283.0

0.010066335761005706

0.020097799511002445

0.031176289611321916

0.04015105236852335

0.051783929935931346

0.06384988350859518

0.07232661889955387

0.08043943080439431

0.09363871803172548

0.09712867777383906

0.1133738006657529

0.12407809110629067

0.1328820358530776

0.1391460137354434

0.1487015297047314

0.16319519003650418

0.17311731173117312

0.1895628902765388

0.19304347826086957

284.0

0.010024244684819097

0.021890252921165507

0.03067261781191613

0.04266504343976537

0.049847703842549204

0.06126080325368582

0.0723257698541329

0.08260997498896572

0.09014452518984241

0.10221238938053097

0.11515032422872863

0.11579181990415692

0.13308080808080808

0.14895833333333333

0.1504297994269341

0.16974494283201408

0.16716328963051252

0.18581687612208259

0.17958067456700091

285.0

0.010519917710865906

0.021039844509232266

0.03315698496673825

0.0431455190771961

0.0530932326459483

0.06261078754114965

0.07506775067750678

0.08290041706299846

0.09494071146245059

0.10335665574351253

0.11321476381717345

0.12476433403571033

0.1389690204439985

0.1403087992804677

0.1546863988724454

0.16357206012378425

0.173785839672323

0.1901813356921716

0.2054794520547945

286.0

0.009356670701052044

0.021422577619823288

0.0312565775626184

0.04257436691363486

0.05216765605324699

0.06385012425922386

0.07367493561068185

0.08341294921731461

0.09636524111369654

0.10023082386363637

0.11877319789021293

0.1245311327831958

0.13302984319676278

0.15484152369874965

0.16229244777718266

0.17315436241610738

0.17621899059024806

0.19043440105309345

0.2328888888888889

287.0

0.009474073389407523

0.022856016944978078

0.03100535640708694

0.041819475614428815

0.0521901211556384

0.061444029614630136

0.07165172507470796

0.0871647509578544

0.10031073221257271

0.10965067043048694

0.11682197155468367

0.12736679876706297

0.14780309706659953

0.15290611028315945

0.16366782006920416

0.16917293233082706

0.18599942146369686

0.1902198295199641

0.20977777777777779

288.0

0.011095505617977529

0.022095126362614265

0.03284080822847596

0.043346385043842715

0.055052346782731444

0.0654951081198978

0.07559291914428269

0.08337629815128526

0.10109819121447028

0.10283719681374742

0.11978505129457744

0.13154347337676928

0.13987058237929317

0.14636735932049144

0.1682761087267525

0.16934046345811052

0.18531169940222034

0.1831818181818182

0.18976169461606354

289.0

0.010551379616228582

0.021378367825068332

0.03316273240025068

0.043320695807314895

0.05632393620151845

0.06683820760637631

0.07573689956331878

0.08978899217943043

0.09691948845813561

0.10987840596432058

0.12822761375816039

0.13161659513590845

0.13996478873239437

0.1523865129178222

0.16417910447761194

0.16490765171503957

0.18486646884272998

0.19877139096094779

0.1930131004366812

290.0

0.010475794914393835

0.020331728196896735

0.03256694901878256

0.04163647511286996

0.05364705882352941

0.06886965312440765

0.07958666940395538

0.08864571092831962

0.1004150052892831

0.11078053902695134

0.12133281523217408

0.13553193820532486

0.1453296004072283

0.15679857185361498

0.1544943820224719

0.1763024840624313

0.18857979502196193

0.2044963251188932

0.22320637732506643

291.0

0.00996339033319431

0.02265875717203151

0.033661315380631794

0.04579732481972808

0.055409740449110526

0.06418493323255228

0.07503066648493935

0.08766304743860671

0.1017324578751681

0.11109171830002618

0.12265774378585086

0.13703744372460744

0.14644767948239393

0.15387962291515592

0.17148262813897489

0.18175660419959358

0.1870967741935484

0.20613441587731168

0.20529197080291972

292.0

0.011972713350967562

0.021613545816733068

0.03471532388769802

0.04525136581866343

0.055634051571882726

0.06828096352026301

0.08298312320725769

0.08962159769860589

0.10270529087862101

0.1107959581634462

0.1236425226661353

0.1346704871060172

0.15240608116597562

0.15808276272700209

0.15977175463623394

0.17066666666666666

0.18669075579644687

0.18554006968641115

0.2177348551360843

293.0

0.011416057033689017

0.023288147375738616

0.035377602817776854

0.04714435204053533

0.05611459689830709

0.06917920829644619

0.07941017316017317

0.0929700191995274

0.1058646139195302

0.11107183882654413

0.11674528301886793

0.1415276359096584

0.14679130874178878

0.1608547262205075

0.16473036240679728

0.18307692307692308

0.20112226816302423

0.20638390905115872

0.20272727272727273

294.0

0.01215890105810284

0.022699051308796504

0.033920451575811424

0.047715680359787196

0.05964809384164223

0.06819763395963814

0.0809571958206943

0.098461991316506

0.10260361748722524

0.11407980312884514

0.1252789907811742

0.13815342837746097

0.15308796007485964

0.16012172148963918

0.17415437987857763

0.1728422453960506

0.18674875403107594

0.2001759788825341

0.23897058823529413

295.0

0.011752186184240966

0.023802555848209932

0.03295972158247607

0.04401961324444934

0.05791483113069016

0.07321120827216442

0.08366887326827271

0.08816568047337278

0.10530980581742003

0.12097204913654976

0.13018500486854917

0.13476733977172958

0.15518121490556405

0.17008797653958943

0.17531432619089782

0.18569832402234637

0.20428189116859946

0.19627442071785553

0.22085889570552147

296.0

0.013622957726698188

0.024614631759236606

0.03478972679832191

0.04653350301554805

0.05954548123788831

0.0736935565702689

0.08276981336218556

0.09753022324408514

0.10990146217418945

0.11800486618004866

0.13022665103556078

0.14697532212273423

0.1589542162759298

0.1598594642072903

0.17960242005185825

0.19829519964109465

0.19203951191167926

0.18914334181509754

0.24394618834080717

297.0

0.01197882811774538

0.02381880175353142

0.03473415612143936

0.048669410150891636

0.060732064421669105

0.07073872721458267

0.08605239756481292

0.09960422163588391

0.1075511189824505

0.1206896551724138

0.12845465161541456

0.14681532177944587

0.14579869548535618

0.17145356465957137

0.17739975698663427

0.19622810956443645

0.20733890214797135

0.19256308100929614

0.23140495867768596

298.0

0.01103300591220148

0.023114706732158336

0.035376874101458206

0.04763757643135075

0.06158737635421573

0.07565810041893328

0.08496462669139364

0.09852616064848932

0.11598746081504702

0.11852836879432624

0.1350401606425703

0.15071018106906647

0.1520638136237022

0.16434131296813043

0.1838478981336124

0.1932938856015779

0.21160714285714285

0.2166000887705282

0.20999153259949196

299.0

0.012541651240281377

0.024025052600675247

0.03761315159712829

0.05166583513498531

0.06166156742763003

0.07042253521126761

0.08336750034167008

0.09872096442222876

0.11077820066402137

0.12190781277807439

0.13777434013342357

0.14732841493404875

0.15558075081884606

0.17586556569607417

0.1856893542757417

0.19765382912793272

0.20182961692395654

0.2244718309859155

0.2252173913043478

300.0

0.011089883975583617

0.02275582181853319

0.03683299228710845

0.049060140014332176

0.05801581168638174

0.0783671412372433

0.08694167463461276

0.09914656771799629

0.10759341100843713

0.12368328651685394

0.13458482320222487

0.1511140525038606

0.15924050632911393

0.1698415006543551

0.18474758324382384

0.20504871567759078

0.21553453711665232

0.22424511545293072

0.2388451443569554

301.0

0.013136517662349719

0.026175687666370896

0.03486248108136319

0.052411363135873155

0.06322245812691672

0.07446408424219632

0.08542884327851026

0.10395638399764238

0.11455828122494789

0.12854475953418082

0.13413678228493042

0.14985590778097982

0.16544982056676155

0.17526084984122184

0.18277495176284864

0.19977116704805492

0.21282885013301803

0.2255907267053054

0.23636363636363636

302.0

0.012798084890894025

0.02601492103478345

0.03558811305070657

0.05409276192574639

0.0635543580131209

0.0737146529562982

0.08535570655942311

0.09843008397225264

0.11024769305488101

0.12115401377146344

0.13258691809074838

0.14423816324288696

0.15968816798692317

0.1794797267838977

0.19066147859922178

0.20039249890972524

0.2141390437078322

0.2070008643042351

0.2234982332155477

303.0

0.012722527728586076

0.025340077591710454

0.03691622657139899

0.050473710454872846

0.06308590295383527

0.07712066157123168

0.09167060730932919

0.10547166990581552

0.12010633156114064

0.13057938036058114

0.14059463661095997

0.1537190082644628

0.16790247580746512

0.18067603948549207

0.18563613905064408

0.2058029689608637

0.230945558739255

0.2398945518453427

0.24003392705682783

304.0

0.013040653424911825

0.026838091513492375

0.03798392987582177

0.055330709097965294

0.06592566454951776

0.07953760130677892

0.09118025896549387

0.10554496112659528

0.11958545866731439

0.13163687593554635

0.1492113255608896

0.15806100217864924

0.17505081300813008

0.19530910670334442

0.19588360539389638

0.2092546159106451

0.22892271662763466

0.23860115095174855

0.2704691812327507

305.0

0.012655836796373252

0.029417513682564504

0.04019709543568465

0.05269243475388173

0.0664643579673926

0.0826062394074446

0.09724109812449035

0.11127785698206648

0.11926380368098159

0.13309859154929576

0.15340186000978953

0.1596368869699989

0.18038174693464795

0.18817442719881744

0.20612714715778288

0.2074844995571302

0.2326688485569771

0.2329246935201401

0.22992700729927007

306.0

0.012761183564717431

0.026808738383690946

0.04139911250326286

0.0546607832322118

0.07068187217866477

0.08380272875203405

0.09537809380555176

0.11493997332147621

0.12610350692475905

0.13550494350282485

0.1532187591028255

0.1730058682895023

0.17948390393459376

0.19630384167636786

0.2039730400851366

0.21898127993034391

0.21697566628041715

0.242756804214223

0.2742081447963801

307.0

0.01484643221675791

0.028167646058957798

0.045186335403726706

0.057138143422789264

0.07111636148848198

0.08627401733015196

0.1000812017864393

0.12100118483412323

0.13361688468020222

0.14344044026273745

0.15242427175070164

0.17549813882198378

0.18339575530586766

0.2056047197640118

0.21967155218082288

0.23255813953488372

0.22869565217391305

0.25365434221840066

0.28278322925958965

308.0

0.014232244351000416

0.029542458127838272

0.04597462034532973

0.058334709151945406

0.07462864642367117

0.09063233335447453

0.09933640303358614

0.12107557065819606

0.13365907478918748

0.14802110817941952

0.1656828020464384

0.18088849791071035

0.18430470347648262

0.21040594625500286

0.2199367088607595

0.23914893617021277

0.24940119760479043

0.27070800555298474

0.2773913043478261

309.0

0.013844862949841507

0.029132824278974758

0.04664935064935065

0.061158385945649194

0.07421553649077448

0.09397925626106754

0.10655904497049447

0.1224895166629883

0.13709546267685802

0.1533769063180828

0.1646394862313905

0.18022932205276634

0.19502437804725592

0.2086712874207344

0.22558220368439347

0.24463327370304114

0.2506787330316742

0.2881433823529412

0.2919831223628692

310.0

0.01510113604876697

0.03131144317734959

0.048163476461458875

0.06266563604240283

0.0796454982979223

0.08890014563414171

0.10445816186556928

0.11999102870813397

0.13975180468813367

0.1557340866955063

0.17154526889040164

0.187513739283359

0.19528748879498015

0.2178959741404643

0.23275862068965517

0.2385076615589607

0.2558411214953271

0.2786885245901639

0.2820738137082601

311.0

0.01507936507936508

0.03194621650799882

0.04929248950396517

0.06208462560921577

0.07860654754766759

0.09751930135425896

0.11141734996210294

0.13540300247777293

0.141306988420115

0.16055535777856889

0.17706593298614523

0.19018809811901882

0.20063532401524778

0.22540564244993422

0.23880597014925373

0.2478519497686715

0.261172373766686

0.2906666666666667

0.2916307161345988

312.0

0.01614408361328854

0.032161884745099956

0.05154639175257732

0.06458390931711364

0.0822022445502086

0.09650592689132999

0.11497054641478772

0.12372287269744202

0.13951087819596633

0.15793213714691776

0.17779951100244498

0.19230769230769232

0.2165572942958102

0.2263681592039801

0.2504381352961795

0.2574658703071672

0.27437774524158126

0.27939876215738285

0.2877070619006103

313.0

0.01634588820333364

0.033840618466475424

0.049277164619928496

0.06899956121105748

0.08303461244637715

0.10305682394723491

0.11992091628033816

0.13252122554448137

0.14548251295336787

0.1633303808680248

0.18859649122807018

0.1961555264307558

0.21622297212848393

0.2376467178669758

0.24058802438149873

0.2854997854997855

0.26890034364261167

0.306948109058927

0.32051282051282054

314.0

0.01594176188720973

0.03341535433070866

0.053624783771033184

0.06914716646334701

0.08491567401816252

0.10231478577253622

0.11874528107625781

0.1393903954389299

0.15353794374549243

0.1681721572794899

0.17951182010378627

0.20283337081178324

0.2221253270213031

0.24136917878654326

0.2687801516195727

0.278472532380527

0.2743515850144092

0.3234634365186182

0.33362143474503025

315.0

0.01758770711839304

0.03503727888504459

0.05413268221725804

0.06921765902468525

0.08556495184402162

0.10266423127794924

0.12481213280502801

0.1406855221808083

0.1545643153526971

0.17222667022506893

0.19154276887430005

0.21280766717490743

0.226533487002177

0.24176144648585593

0.25785270629991125

0.2904158327774072

0.3009478672985782

0.29924745462594066

0.3261261261261261

316.0

0.01826441683664009

0.03681675186787259

0.053025577043044295

0.07049216753694033

0.08796132531541091

0.10617426428159261

0.12059381778741865

0.14296086546141

0.1581131774283662

0.1762820512820513

0.1931773105910353

0.2132863280819654

0.23078870743132043

0.24694767441860466

0.2780332507958967

0.2798846750942559

0.30213749277874064

0.30161501527717155

0.3558282208588957

317.0

0.017481220439580822

0.03559902686063254

0.055677918352712186

0.0703047640004401

0.09021668536340556

0.10730450088006034

0.13084366907455364

0.14567448680351905

0.1617436874702239

0.17507572479446126

0.20035408675125405

0.21783481408358013

0.2372322899505766

0.2619117217187957

0.2711952744961779

0.28949691085613416

0.31996461220878797

0.3324829931972789

0.3574007220216607

318.0

0.019470770385662008

0.037075029308323564

0.055022558730487996

0.0739245825500387

0.09432487675844656

0.11003824691203211

0.1333922261484099

0.15255596878874061

0.17288217328403793

0.17915774446823698

0.20636780935638246

0.21692705406316737

0.24503559385537654

0.2620406968233055

0.2815126050420168

0.2808159722222222

0.3179626280892104

0.32660228270412645

0.36086956521739133

319.0

0.017305893358278764

0.038080768476769264

0.05496774193548387

0.07195541714473037

0.0936296814840742

0.11638984644312128

0.1322553897180763

0.15212395285047076

0.17259900593233926

0.19014891179839633

0.21062432617857493

0.23203194321206744

0.24673548066160925

0.26083163710380924

0.2853132128443587

0.29628811312417147

0.3352634626519977

0.3179372197309417

0.3684210526315789

320.0

0.0208080619576374

0.03963858933255611

0.05767739934880355

0.07532467532467532

0.09538950715421304

0.11889209898253988

0.13455365070691894

0.15394187833979944

0.17017557797727814

0.19672698934972724

0.2117200428307213

0.22455288143077942

0.25442731558160275

0.2697820244849209

0.2905166312809625

0.30679106096767195

0.3204022988505747

0.3313528336380256

0.3765541740674956

321.0

0.020134543914945666

0.03913623560804467

0.0591804979253112

0.07886101996551916

0.0958944454261648

0.11675286993818594

0.14355737594843215

0.16138606514802997

0.18306673129746323

0.1942548098235659

0.21692338072669826

0.2366395180185206

0.26024065540194574

0.2592160862596532

0.2919343326195575

0.3137513751375138

0.3371613663133098

0.34993446920052423

0.39202965708989806

322.0

0.021489440533530937

0.03932751438206705

0.05952011583410901

0.08056611046863814

0.10422732036799813

0.11884806856134603

0.13764274061990212

0.15456142919900426

0.17827588977263598

0.19594411897251013

0.2156234837457545

0.2396694214876033

0.2631578947368421

0.2837298655238658

0.2922422954303932

0.3300438596491228

0.3440828402366864

0.362657091561939

0.3662222222222222

323.0

0.020002771746662356

0.039411764705882354

0.06113833003231523

0.08074016448099577

0.10635660744850381

0.11914974139018544

0.1429344151453685

0.16137546740963413

0.1880553998879193

0.19257746603924353

0.22356288012556405

0.24232722455288144

0.26083650190114066

0.27999406792228976

0.3046416503645741

0.32059874888293116

0.3334317779090372

0.36927348449791764

0.3928888888888889

324.0

0.022344801795063575

0.042920792079207924

0.06358799524768842

0.08424543946932006

0.1064665533212171

0.1254069621838217

0.14669308554249796

0.17004852227613587

0.18990480761539077

0.20318902547657225

0.22413112164296997

0.24567739111402934

0.2763608679101637

0.2936344969199179

0.3137538405928068

0.33810888252148996

0.34442836468885674

0.37112010796221323

0.3903697334479794

325.0

0.021187427240977882

0.04443010325655282

0.0671225011743828

0.0868147315153219

0.10426008968609865

0.12441034027297314

0.1462524111325434

0.17460550458715596

0.18947881149537263

0.2099442625851544

0.22541780023319083

0.2596559558584875

0.27200816534830313

0.2916417910447761

0.30846126383434486

0.34448521476365207

0.3670923670923671

0.37331536388140163

0.43105022831050227

326.0

0.020632929039453508

0.04376572753737603

0.06602547439563296

0.0881067020864464

0.11090747856931718

0.1297358633297611

0.15217686152176862

0.17405558453170406

0.19442883519306414

0.2158493870402802

0.2307767848374742

0.26026795519437734

0.2746770349931017

0.3018337769890565

0.3169627307558342

0.3394475138121547

0.38734706057893165

0.38299776286353465

0.4205933682373473

327.0

0.021403706839777967

0.042824980422866095

0.06633377135348226

0.08072642710813355

0.10591647331786543

0.13452299245024021

0.15370533595498

0.1735992261328968

0.1981917106737078

0.22218291172828586

0.23907979033197438

0.2623041884235085

0.2817258883248731

0.3104874446085672

0.32101372756071805

0.33407721490738673

0.37149465163342005

0.38961625282167045

0.400355871886121

328.0

0.0219846338979913

0.04490433424443577

0.06621348139691764

0.09132017205249807

0.10945186226282502

0.13492714312748375

0.16082051282051282

0.17839488223320732

0.20260237886165883

0.2270994058703556

0.24250389408099687

0.26042014004668224

0.2867009920884089

0.3095343029234611

0.33596271064897815

0.35536105032822757

0.37386993292505105

0.3988541207580432

0.44916003536693194

329.0

0.021688078463876225

0.045669675530617224

0.07060601323537075

0.08895637769188294

0.1127599976160677

0.13328640900947017

0.16378261457347573

0.17899691131048684

0.2084645828285276

0.22784030953218432

0.24282411866692352

0.26508954233915544

0.2877210585726828

0.32029090909090907

0.3344796380090498

0.3625110521662246

0.37429671305892803

0.41644678979771327

0.46174617461746176

330.0

0.023326995316050644

0.04675056533280897

0.07215097487227609

0.08773695688642845

0.11639741996567844

0.1385545964337471

0.16155819605725089

0.18662952646239556

0.19829100782622583

0.23165517843120145

0.2569705358908444

0.27501360914534567

0.2944287295535605

0.315701979749131

0.3416868302799862

0.36187907394920205

0.39367565999419785

0.4160645983850404

0.44587628865979384

331.0

0.021663009477566646

0.04744186046511628

0.07072956039973075

0.09737641535487435

0.11665109761793555

0.14115786143625436

0.15931422375821644

0.18808221203607867

0.2082527401676338

0.23701580684384227

0.25065425995929047

0.2910099889012209

0.3032612770211171

0.32080344332855093

0.35364564987671715

0.3644295302013423

0.41085731237021655

0.4332892998678996

0.44493783303730017

332.0

0.0254276045001372

0.0482738154120091

0.07026471344127473

0.09519636303883441

0.11974529803667236

0.1466346153846154

0.17062984169754125

0.18869021660125018

0.21692869620454183

0.23694637668398344

0.2640803465931469

0.2850161057425303

0.2975652610441767

0.3302981348215597

0.3586881868131868

0.389733421458471

0.3978965819456617

0.414612676056338

0.45958219800181654

333.0

0.022443546906554066

0.04673267326732673

0.07305060141020324

0.09548939006777024

0.1193880553103854

0.14355617691916625

0.1675403092031053

0.1956945694569457

0.21980447808262377

0.23799010950194277

0.2601499367150229

0.290929203539823

0.31635116249523565

0.33607399794450155

0.3728102189781022

0.37877799521635136

0.41429401510749564

0.46239430351579885

0.4527272727272727

334.0

0.025149250223287737

0.04785044875291317

0.07430388987381374

0.09952659426343637

0.12070300863866547

0.14300228600457202

0.16233632686638788

0.19691603954552162

0.21836668818592642

0.24659593280282935

0.26944085807925316

0.29783233797832337

0.32615230460921846

0.3519732051842144

0.381260945709282

0.39330822069576776

0.4056746151524298

0.4469439728353141

0.493953488372093

335.0

0.024866867330400555

0.05096040768326147

0.0774495866898331

0.10003901242824499

0.12631827019383726

0.1466094203813613

0.17544704264099037

0.1996727894697702

0.22009993552546744

0.24917858094307788

0.2661217980663809

0.29788646674781455

0.3154135338345865

0.3446107784431138

0.3808165448386522

0.3941734716398146

0.4173637150274012

0.43819229065130705

0.4574468085106383

336.0

0.025833021340321977

0.05193200909180749

0.07168086432578434

0.09970139349701393

0.12189602810694933

0.15141091789285943

0.17954911433172302

0.20001494321578003

0.22563978364414305

0.25545774647887326

0.2848791121680539

0.3066608045724335

0.32809304703476483

0.35778175313059035

0.37305605786618445

0.4037827138772817

0.42942227516378795

0.45475113122171945

0.5022143489813995

337.0

0.02630715123094959

0.05391089108910891

0.07564176901586632

0.10259711183253106

0.12775461584276354

0.1565056237218814

0.18077834179357022

0.20294117647058824

0.23644357596482657

0.25765651820399316

0.2860437136555043

0.30592734225621415

0.3309039764735967

0.36844424856765096

0.38476702508960575

0.4207821229050279

0.42806707855251547

0.46636971046770603

0.4982394366197183

338.0

0.027217646501940737

0.05214345616891125

0.07729266764152914

0.10460737623214088

0.13115422711647148

0.1571518987341772

0.1849615806805708

0.20346097201767305

0.23122274269100307

0.25136221527467617

0.2932293722858271

0.30763274336283186

0.3411014190860565

0.3551678249297649

0.39777087520555454

0.4129119031607263

0.4552347623213765

0.46613896218117856

0.5054744525547445

339.0

0.026059551248882828

0.05283259070655633

0.07840963092032315

0.10646848334709606

0.13087465443209223

0.15992121481669738

0.18495893572252767

0.21001941167687024

0.23979099678456592

0.2591365102113938

0.28773631594575866

0.3170103092783505

0.3459857660132351

0.36435732455484066

0.3877884790114483

0.4200892857142857

0.4538595473012188

0.4577338129496403

0.49601417183348095

340.0

0.027793400824896886

0.05363984674329502

0.0815145937417828

0.10652787774763302

0.13319890878899301

0.15865475964278927

0.18285172903837044

0.21248153618906943

0.24206984940724127

0.2682428228601902

0.2951195219123506

0.31951886276653907

0.35303860364377626

0.37591078066914496

0.39060500822518734

0.4320960213380751

0.4615827338129496

0.4834916327453641

0.5215439856373429

341.0

0.02843781000519628

0.05157621218806687

0.08168601610710177

0.10756368533273482

0.13559423053999284

0.16727318358639728

0.18985369818477377

0.221828385762812

0.2532435939020435

0.268225216382618

0.2962605082616678

0.31722595078299776

0.3500884061631725

0.3798084008843036

0.4111883128451808

0.42178217821782177

0.4639236732259988

0.5025553662691652

0.484375

342.0

0.02807996280799628

0.05571209649513075

0.08051538259268998

0.10809161998779879

0.13778705636743216

0.1690722960513766

0.19352869352869354

0.21653396830121288

0.2420545746388443

0.26981065918653574

0.29910937656359454

0.33845468715208193

0.3533537362917623

0.38348168685247336

0.41400709219858156

0.42791612057667106

0.47529961999415377

0.47600518806744485

0.5182608695652174

343.0

0.029973130732882425

0.05408213755566551

0.08159072952330787

0.11593722369584439

0.13486921046316294

0.1723704076497232

0.19753169678985702

0.22764888429141422

0.25953090997017814

0.2877966402986401

0.30518709166501684

0.3411330049261084

0.36391792489353464

0.38771310993533215

0.4207929515418502

0.4418915904528218

0.47408270238788586

0.516331096196868

0.5152603231597845

344.0

0.02814460990915051

0.0556496612196094

0.08797868449924247

0.11585903083700441

0.1513647642679901

0.17075351213282247

0.20288872313012815

0.2275

0.2591720779220779

0.27998232434821035

0.3080444098169069

0.3317695832424176

0.3695185138379881

0.4018761167361525

0.41769257826239886

0.45630195461694

0.4615617433414044

0.5080051925573345

0.5338541666666666

345.0

0.029674834622193235

0.058370591157476406

0.08612490201201986

0.11864123159303883

0.14505038529934797

0.1670095380587245

0.19911262798634813

0.22959667420319452

0.26294628497909295

0.2796352583586626

0.32110894941634244

0.34792728884947904

0.3716611549224116

0.4060973804943022

0.4400863620007197

0.4575750931813199

0.4794352363413137

0.5122932498882432

0.5196581196581197

346.0

0.0307627277850836

0.05957531453578

0.08842510669303633

0.12020279110335805

0.1459265890778872

0.1823003194888179

0.212207916070577

0.23710433763188746

0.2678280690328883

0.28426081571264267

0.32103649490653746

0.34768361581920904

0.3888817727680287

0.4024246008279125

0.44148361541231546

0.4670353982300885

0.5047619047619047

0.5309389874513197

0.5299657534246576

347.0

0.028743625405656004

0.05945600942655145

0.08709305977179943

0.12073712006292488

0.14637051152265826

0.17390202167437735

0.209548155312975

0.24287502761617202

0.26676720374632906

0.2929582512094607

0.32843947496353915

0.352076889085285

0.38606068300114255

0.4206917113893858

0.4465948511959102

0.46204912591281255

0.513431934802294

0.5511953089760938

0.547752808988764

348.0

0.03154916293327045

0.0569857535616096

0.09074723778603969

0.1211298809194129

0.15124842823783008

0.18453109893651304

0.20964217426932533

0.24645704162976084

0.2665069860279441

0.3029685423128046

0.32653876898481216

0.3539319576129392

0.389404971127291

0.41697858960922296

0.45187454938716654

0.4791758972086841

0.5164233576642335

0.53487358326068

0.5556569343065694

349.0

0.031296433878157504

0.06330370885258925

0.09156341576268573

0.11884362390138743

0.1530167334433184

0.17918338747690934

0.21065325248070563

0.24135349603234016

0.27317269076305223

0.3044161284691918

0.33454760263857436

0.3701928436071787

0.39851262982433644

0.413946587537092

0.4616881967793311

0.48351400180668475

0.5228973361269081

0.5409090909090909

0.5697980684811238

350.0

0.031914893617021274

0.05831332385945999

0.09392670157068063

0.12177777777777778

0.1504456541245439

0.18498284843094906

0.20958165563365863

0.24578798270463695

0.2804020921869892

0.3020266047674315

0.33857957898878616

0.36345359097509217

0.3943058704963467

0.43241257713781955

0.46090828138913625

0.48626071664102

0.5304733727810651

0.5569677712210622

0.5743362831858407

351.0

0.03192584963954686

0.059860720106682475

0.0991964238199138

0.12225792155993796

0.15254946500089664

0.18218365133048306

0.21359026369168357

0.24924924924924924

0.275630659767141

0.31170336037079954

0.34129392189488106

0.3685875706214689

0.4068544722835259

0.43798734735912903

0.46687478321193204

0.485386690647482

0.5375259566894097

0.5553067622033139

0.5821596244131455

352.0

0.032202743902439025

0.06440711658880827

0.09220745373990097

0.1280286497677802

0.15468591540893634

0.1936179661231999

0.216741711011052

0.24618122497404715

0.2823204419889503

0.3224973281083007

0.3381379041682898

0.36988125624237045

0.41072097963263776

0.43699851411589896

0.4704630122405535

0.513989865609165

0.526407428903076

0.563563115487914

0.5869365225390984

353.0

0.02959603515990275

0.06109403210852486

0.09617492041955852

0.1291723049165539

0.1567879907070948

0.1944831076806276

0.22630218958248333

0.2560782837786978

0.28771620755925686

0.31076017130620986

0.3382987063896511

0.3895989422653151

0.41507024265644954

0.4515415252987166

0.4724203932486515

0.5102581072137657

0.5261303581914268

0.5659955257270693

0.6245387453874539

354.0

0.030506264263425086

0.06295327840544675

0.09767851590838429

0.1273878397554852

0.1599741313422306

0.1903103229892337

0.2233381157340985

0.25869805075395363

0.291686805219913

0.32453567937438904

0.35562518358954276

0.37524950099800397

0.4126882818483533

0.4547985347985348

0.4823819591261452

0.5118968201022904

0.5434719395173015

0.5800789820096534

0.6022530329289428

355.0

0.0302018158724185

0.06381510865815798

0.09712362622916337

0.13249053241256403

0.15819275687153475

0.19503231529590673

0.22265086800771564

0.26278777111555257

0.2951585156058

0.3293779216109313

0.3598061517159529

0.38862091646568736

0.426034033039374

0.45846430175123487

0.46582765250830277

0.5342527696133845

0.5643387815750371

0.5636042402826855

0.6012433392539964

356.0

0.03257956842649617

0.06586620926243568

0.0981478549944594

0.13158329205877498

0.1624861135473309

0.19691342213114754

0.23521945353731044

0.25745099468046345

0.29831763664171296

0.3303147135299919

0.3667915598501282

0.39291699251480283

0.417637479644244

0.4488049572145176

0.4922096317280453

0.5254387913796934

0.5539000876424189

0.5845684394071491

0.6326344576116681

357.0

0.034393647512098856

0.06373832699244034

0.10326511482580847

0.12833185250999557

0.16280982027487373

0.20210710055482825

0.23492895571803007

0.26645419507856505

0.3049298073783872

0.32562071727329356

0.3697619516033838

0.3963494132985658

0.4298969072164949

0.4690985830569792

0.49503878766011183

0.5277033065236819

0.5620780745523921

0.5851548269581056

0.6506238859180036

358.0

0.03523591730060204

0.06576231200235919

0.10211377059372086

0.13063590258039348

0.16751690592003796

0.2042811501597444

0.2340937199395355

0.27357589121646453

0.30064836308332665

0.337351533416061

0.37072977522526984

0.4038185630725086

0.43669184483420814

0.4541446208112875

0.5066976245758171

0.5311331133113312

0.5667933352820813

0.6180904522613065

0.6649214659685864

359.0

0.03356298296248022

0.06914079849972857

0.10022504841157691

0.13834477370388973

0.17073027781033875

0.1968558621125071

0.24044663291490395

0.27232840038670336

0.31274884212236936

0.3374375446109921

0.3793412279828839

0.4132259528130672

0.43929110105580693

0.47423748889546935

0.5139378969654199

0.5447444766793127

0.5911256700416915

0.6111111111111112

0.6426666666666667

360.0

0.03399261233459578

0.06990426804946151

0.10212632240494396

0.13574585635359115

0.17476831091180867

0.2065760799897449

0.23942032929650292

0.27736799824727965

0.31099130994528484

0.3430289972169854

0.3726429212810536

0.4093715545755237

0.439139895046717

0.4880212954747116

0.5195659907506226

0.5550282485875706

0.5861471861471862

0.6256247160381645

0.6505190311418685

361.0

0.03261627096594341

0.06732983780075465

0.10108265667291276

0.14148086980456923

0.177853935239896

0.2021612740141557

0.2442217222335856

0.2882366088057811

0.31825917821541455

0.34855790304199175

0.3839066941095756

0.4121584549544607

0.4516169623757393

0.4893869674929494

0.5332275691873788

0.5604444444444444

0.5793602896801449

0.6249441215914171

0.64816472694718

362.0

0.033519295495412424

0.06702096250369058

0.10506122878015452

0.14280207071263354

0.17535766423357665

0.2094871794871795

0.24234921944845608

0.27831378952055813

0.31375530127230533

0.3500854086127843

0.3867381377804249

0.4282397169394073

0.45843600051873945

0.49213182897862234

0.5184601924759406

0.563752276867031

0.6036217303822937

0.6438979963570127

0.6802841918294849

363.0

0.035060202057480276

0.07210950867758495

0.10906418936650396

0.14420869954654872

0.17456667845772905

0.21001443182531215

0.25114592597660257

0.2835401891252955

0.3242318102213023

0.35526785714285714

0.3860155162124528

0.4350526899611758

0.4732290474373649

0.4915935128701086

0.5330163761225568

0.5657130565713057

0.6065959952885748

0.6423641069887834

0.6558139534883721

364.0

0.03670373162457595

0.06970562173870237

0.10924193039638314

0.14485108253654247

0.17645324843768423

0.21616671929270603

0.2559408676429953

0.2885787734116783

0.3216890906143621

0.3664328116567728

0.39464551313832424

0.43622392974753016

0.47359020158203624

0.5012799277217287

0.5374317421173155

0.5672679852206042

0.6291093843395099

0.628322440087146

0.6660823838737949

365.0

0.035297374613574496

0.07192472535592886

0.11286610878661088

0.14482041173894

0.18198219170109992

0.22068612391193038

0.2589094919693941

0.28616863905325446

0.3251790456264585

0.3659748092957247

0.4034334763948498

0.43673198272999003

0.47438185062452204

0.5038370720188902

0.5342514124293786

0.5861159929701231

0.6099227569815805

0.6508563899868248

0.6904347826086956

366.0

0.03691496374423204

0.07592954990215264

0.11524183006535947

0.1471503166314854

0.18177028451001054

0.21889883787388073

0.25754595401207353

0.2948708459773518

0.3283726168449843

0.36365246656629174

0.4049635611581643

0.44125180977837175

0.46830082135523615

0.5250767656090072

0.5328676338885904

0.5905390539053905

0.6096096096096096

0.6349060925332112

0.6944444444444444

367.0

0.03797234170482401

0.07331844130057086

0.10887413062803954

0.1488765618871519

0.18182355025392702

0.2264768862577151

0.26471796276013143

0.29955456570155903

0.3385289819775938

0.37106643356643354

0.41096574453210827

0.45459579180509413

0.47881248414108096

0.5252747252747253

0.5492209631728046

0.5852247441032488

0.6316251830161054

0.6657986111111112

0.6969162995594713

368.0

0.036387508205945794

0.07479787708943009

0.11163734776725305

0.15347137637028013

0.1860023724792408

0.22783297698402716

0.2638463110566115

0.30646950092421443

0.33608147429679924

0.37525571466690383

0.4139790314528208

0.456401766004415

0.48161209068010075

0.53000300030003

0.5706923209070607

0.6043759767805313

0.6373963770340805

0.679317697228145

0.7189141856392294

369.0

0.038174312352149915

0.07399911141827517

0.11539646672144618

0.15253772290809328

0.18973293768545993

0.23312348064576452

0.2608462774504553

0.3043282911487195

0.3415588564127136

0.38288483170372933

0.413283033852874

0.45340997015585277

0.4918740477399695

0.5352133471135391

0.5738494470210489

0.611404667547336

0.6424086757990868

0.6835902085222122

0.7324066029539531

370.0

0.035715950948850654

0.07820575329107753

0.11499459515107839

0.15057165057165056

0.18714499252615843

0.22368503542097673

0.2680384459185055

0.3005211774205388

0.34266347687400317

0.3830920877364355

0.42071069987203463

0.458259325044405

0.4976254652804518

0.5423088107007851

0.5670786315600932

0.5984581497797357

0.6535456730769231

0.6784160139251523

0.7126736111111112

371.0

0.037151124801642864

0.07857354246818585

0.11862889637742208

0.14900827823767987

0.19285081240768095

0.23257283700941667

0.2710130391173521

0.3060495572587246

0.34575368981369464

0.3843558554559176

0.4190989226248776

0.46554566435872075

0.5035522871743737

0.542145308071013

0.5833932422717469

0.6169014084507042

0.6637605347282767

0.6811594202898551

0.7328825021132713

372.0

0.03886411640459986

0.07786905650983321

0.11499765417296565

0.1576296793688098

0.19363364068831856

0.23370672097759673

0.2700088549826306

0.3060045344840196

0.34393156875403486

0.39207553829862335

0.4316136772645471

0.469906129210381

0.5026093439363817

0.5497389791183295

0.5899788285109386

0.6316025067144136

0.6730481603350285

0.6943478260869566

0.7522522522522522

373.0

0.04080398269203927

0.07840085598949467

0.11629595064032767

0.15889713210054257

0.19381202568593112

0.2384272344701966

0.27978680340035084

0.3185366941780058

0.3550405004410939

0.38817848520075116

0.4217121090617482

0.47849158857400925

0.5144273547731029

0.5612036225533158

0.5767101268083586

0.6174467150076907

0.6594353640416047

0.7022696929238985

0.7408400357462019

374.0

0.04047898567738906

0.07923216296949219

0.11855938378265848

0.16072908036454017

0.20235032740879327

0.2442231584322737

0.2788514632799558

0.3161094224924012

0.3654880234642333

0.39102850504869985

0.4356079528424418

0.47117516629711753

0.5173788463934222

0.548871085214858

0.5952166876461068

0.6422365783025172

0.6685459940652819

0.6996834011759385

0.7237521514629949

375.0

0.03761622992392223

0.08273311271169943

0.12363980444724806

0.1633457290336904

0.20638372913237715

0.24168159713335038

0.2800951086956522

0.317078536334971

0.3600385325519788

0.41127665268980285

0.4386768954866992

0.48340134553876696

0.5222961939454842

0.5583778966131907

0.6040943789035392

0.6418219461697723

0.6749179838950193

0.74307083150022

0.7497865072587532

376.0

0.04226404520618316

0.07583869541726018

0.12472240871765738

0.158379780365322

0.20360135496523443

0.24159098026933917

0.2869198312236287

0.32310807770194255

0.36803364879074657

0.4098868058012027

0.4476594904206992

0.48954821308159135

0.5283593452607537

0.5618533513270355

0.6016964446850749

0.6399103139013453

0.6822008418520745

0.7219710669077758

0.7421328671328671

377.0

0.04173489917185234

0.0825865227509036

0.12516992575551605

0.1631663974151858

0.20390186225243867

0.24040467910211824

0.28341483292583536

0.3243800132460078

0.3685868950472651

0.4021108179419525

0.4530168150346192

0.4906811626358997

0.536086356219405

0.5608633093525179

0.6136282554405994

0.6639621365787695

0.6947094535993061

0.7388059701492538

0.7683664649956785

378.0

0.04225022249285681

0.08265078183172003

0.12418130782825658

0.16485598083458688

0.20623101209269076

0.2438426740387032

0.28548190321268807

0.330243938607548

0.36382874816864724

0.4080960854092527

0.45651095903996824

0.4895660814839351

0.5296286876907427

0.5847357543548863

0.6211484593837535

0.6455498550078073

0.6928104575163399

0.7375919117647058

0.7594501718213058

379.0

0.041523135648449866

0.08474324725437815

0.12918635170603673

0.16433624867695393

0.2081212333976947

0.24560733384262795

0.29032479571516856

0.3305791220951678

0.3722096408929149

0.4192521877486078

0.4463248547967154

0.4974699201619251

0.5339768830179094

0.576878612716763

0.6299622777079217

0.6700133868808568

0.7052446527981249

0.7479892761394102

0.8267020335985853

380.0

0.04193335843373494

0.08656731100290198

0.12803612206767698

0.16541061731131554

0.20475212672337928

0.25279142474318894

0.2957458412871557

0.33562154902253394

0.37085668534827865

0.42592427616926504

0.45863843261428855

0.5085220901547433

0.5438730158730158

0.5843436611285736

0.618132854578097

0.6645218548923896

0.7211819777647748

0.7522727272727273

0.798951048951049

381.0

0.039764771772612714

0.08495145631067962

0.12884905955296203

0.16468486573996538

0.21278380159348229

0.24734416997312172

0.2968760775118957

0.33660589060308554

0.3860303054857791

0.41988262493330963

0.47268361016609967

0.5093525179856115

0.5484958506224067

0.5910642719311267

0.636658264314008

0.6799910674408218

0.7178082191780822

0.7784041630529055

0.80550621669627

382.0

0.040014837483191915

0.08240258128567883

0.12449487099782405

0.17161642614364517

0.21785460573052332

0.25833706714459453

0.2949242734343021

0.34157639148300334

0.3774727492935002

0.42938446720952633

0.4723012060005883

0.51318391562294

0.5575849822425165

0.5995649021029732

0.6455054214760406

0.6901840490797546

0.7232461355529132

0.7526223776223776

0.8172413793103448

383.0

0.04353722409277965

0.08428346766266955

0.12711199455981587

0.17300275482093663

0.21466156421908633

0.25423621648963074

0.3036934760096652

0.34348054285071605

0.3809941753770047

0.44213229434162754

0.4725940400586224

0.5226141767112684

0.5515752032520326

0.618430847104362

0.6479327009128334

0.6914285714285714

0.7321744254566883

0.7728077945084145

0.8224799286351472

384.0

0.04691075514874142

0.08629266610845687

0.13417103691780466

0.17274132979898388

0.21340200082874564

0.26380786893384633

0.3002001794712501

0.3435205992509363

0.38593047034764827

0.4327390599675851

0.475726243229936

0.523475976797636

0.5657825630252101

0.6131582873340296

0.6567728008634647

0.6987924356345409

0.7387862796833773

0.7794826830337571

0.8282208588957055

385.0

0.044196825694086804

0.0870738287956831

0.1329837441006817

0.173473378401028

0.22062885689097855

0.26336359051941505

0.3034275570121535

0.3535137526731067

0.3973007506788053

0.44568690095846647

0.4886664704150721

0.516940623951694

0.575573112291154

0.6182029659784821

0.6544117647058824

0.7010684246419641

0.7465081723625557

0.7916479568926807

0.8218340611353712

386.0

0.04642302807958233

0.08830950378469302

0.1299823998343514

0.17762907349980958

0.2189075381056877

0.261958853969456

0.3129411764705882

0.3601867188676404

0.39355201800932627

0.44082071498969627

0.48585888657338494

0.5305330821234623

0.5726828044650696

0.6203374777975134

0.6664883181737115

0.7158147662734818

0.7556146572104019

0.7860008916629514

0.8415398388540735

387.0

0.04439208294062205

0.09010158512047897

0.13102504735845086

0.17881230465537096

0.2232796050675073

0.27262917354322713

0.3160158146632448

0.35635217359431126

0.40244603135516704

0.44294467631649054

0.48845108695652173

0.5401602078371942

0.5771659509977267

0.6373306134343582

0.6744186046511628

0.7172305624019718

0.7564102564102564

0.8189081225033289

0.8541666666666666

388.0

0.04258579854177309

0.08903532676014468

0.13388877096157928

0.1793603692713485

0.22478866531729969

0.27047824980920887

0.31232111217118713

0.3590574374079529

0.40678242439064155

0.4575984322109389

0.4839192968437874

0.5401745747538048

0.5760545905707196

0.6301613141926891

0.6767926527728718

0.718987908643081

0.772593896713615

0.8174921909861669

0.8242258652094717

389.0

0.04591171540324083

0.08826300391729063

0.13467183895994966

0.1840935287337395

0.23364322048763375

0.27210539650367366

0.3143941962166927

0.3624869849769448

0.41493708122242196

0.45793415781222785

0.5016155879761088

0.5442968492699528

0.5808398290168468

0.6326347305389222

0.6747879444143656

0.7398373983739838

0.7728231394998494

0.8277404921700223

0.8654019873532068

390.0

0.04594882235898385

0.0909405085164157

0.1362570967237877

0.1785302672740245

0.23245692481965063

0.2686141562638616

0.31936114293415996

0.3739124076917453

0.4084975269601881

0.46231375985977213

0.49921166732361055

0.550747621205256

0.5957045968349661

0.6393369838685807

0.6892155126615902

0.7262065854758682

0.7801749271137026

0.8166591217745586

0.8620988725065047

391.0

0.046690801076765986

0.09111538651275221

0.13908256880733946

0.1836902349526261

0.23705737992287015

0.27480133299154064

0.33031613077546607

0.37012062635798304

0.4121119016817594

0.4651643023882205

0.5113041761279494

0.5532854776366648

0.604359809571536

0.6433504775900073

0.6953973452852956

0.7350178890876565

0.7817966202193892

0.8297213622291022

0.8794014084507042

392.0

0.046431401799449906

0.09174910862250792

0.13799719960587045

0.19099318672796764

0.23888921505313215

0.2804731482067177

0.32714837136859215
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0.032

0.03563585546017169

0.04020652532132264

0.04536765642920861

0.04425819732392295

0.047449795628221075

0.05446527012127894

0.055074971164936565

0.06199460916442048

0.0720486111111111

229.0

0.003389830508474576

0.00630221310274073

0.010275572162540868

0.01262039189637994

0.018126177024482108

0.020904816368026432

0.023505572441742655

0.030991424702873478

0.03445777312615731

0.03322586423070034

0.04113489102689966

0.043120473996050034

0.043958868894601544

0.04788484136310223

0.05066237021124239

0.05606845305111462

0.05970149253731343

0.05758241758241758

0.07019064124783363

230.0

0.0043486306439674315

0.0073960850056703316

0.0110771779077592

0.01521703432043352

0.018321686534734864

0.01875079184087166

0.023774044974261718

0.028422444183313748

0.03435543425911061

0.03727483502764402

0.037730301842414736

0.04118418177845751

0.048137034258564644

0.049664429530201344

0.05664802453545012

0.05877074921489457

0.053169734151329244

0.07400957771005659

0.06950880444856349

231.0

0.0034989180976934763

0.006707168894289186

0.01009839461418954

0.013744756016780746

0.017610801291458762

0.02358877325764743

0.025155088963119503

0.030424925034739998

0.0337603738618967

0.03774941578285098

0.041797180892717306

0.045454545454545456

0.04725665889284399

0.045308434103780805

0.06198723792160438

0.0584857507443641

0.06664683130020826

0.06942647692971109

0.061016949152542375

232.0

0.0034031047503612884

0.007205962193376438

0.01223288943945494

0.015109432285301634

0.019574418057841523

0.021678321678321677

0.02660693680852508

0.026882898677770474

0.034024627349319506

0.03613926840017629

0.04018981212473368

0.046445704317488005

0.054331497245868804

0.052809649897028535

0.06169118950540684

0.0654722406547224

0.06555010106843777

0.07525453740593183

0.055347091932457786

233.0

0.004344445968811451

0.007102693104468778

0.012291666666666666

0.014719768927400989

0.02125506072874494

0.02538680138932744

0.02796679368535656

0.033513434579439255

0.035622593068035946

0.041967156138674085

0.043542218299499856

0.049895821910297185

0.05177215189873418

0.05655603512427444

0.0603882099209202

0.058307068887888336

0.07350779182593355

0.07236842105263158

0.08333333333333333

234.0

0.004019255035752675

0.008240402644823843

0.011407040363373594

0.016202672605790645

0.02032210834553441

0.024410140562248998

0.028811690102012684

0.0294139167337382

0.03944426700734589

0.04048510790083824

0.04422923322683706

0.05425755730262429

0.04796193905104796

0.05652877962608568

0.06583468981732682

0.06592910363513209

0.07157831686133573

0.07872622733303848

0.07699115044247788

235.0

0.003953841202703324

0.009452253999030538

0.013179742631797426

0.015595619953544962

0.020236284945607672

0.024622166246851384

0.02764140157374403

0.034198720305949844

0.0402918524523713

0.04348209560769095

0.04154741932300405

0.048467184801381694

0.05808301134239063

0.058015943312666074

0.06272530641672674

0.06707705370409679

0.0809042236763831

0.06693440428380187

0.08977777777777778

236.0

0.004284051222351572

0.008384407943123314

0.013719274541391675

0.0162267296471242

0.02017461066540821

0.027600581064864523

0.03040064425206362

0.036917535829519024

0.04177336747759283

0.04395506419400856

0.0462953995157385

0.054933875890132246

0.05538694992412747

0.0670431508832899

0.06882591093117409

0.07026071586389748

0.0731266927475173

0.08061674008810572

0.08759757155247182

237.0

0.00425099343868404

0.009252459979438977

0.014750631801536953

0.018962848297213623

0.022361359570661897

0.0273579013116802

0.03268823086917869

0.036360937963787476

0.040351578106272476

0.04616063548102383

0.045668827342368885

0.05330256072095835

0.05706350208307032

0.0631532459885176

0.06980802792321117

0.07082779991146525

0.07478312892611427

0.07736263736263736

0.08776595744680851

238.0

0.004745571582953531

0.009299138606108065

0.014525954079241944

0.0195306088954538

0.02262443438914027

0.026227431105479888

0.03282555944998652

0.03622708195272808

0.039500364993105684

0.04704845814977974

0.04810694769711163

0.05744327614831212

0.060007595898214965

0.061682520808561236

0.06871739521496673

0.07432740538075695

0.0831146106736658

0.07784697508896797

0.08600182982616651

239.0

0.004882542607093505

0.011568123393316195

0.013647772432545493

0.018119920931254117

0.025481849355563437

0.028265659427132515

0.033369654045219285

0.03845594649607444

0.04783057031807726

0.04634596781285727

0.0505177586373754

0.060464599310881405

0.06181910311629085

0.06640281442392261

0.07357859531772576

0.07934454506252694

0.07597477064220183

0.08597883597883597

0.10109289617486339

240.0

0.005318410951301854

0.009427477167828734

0.013856574117160436

0.021607133088999506

0.02569643170005256

0.030916102927230196

0.03415096896598455

0.041753035238377256

0.04490777866880513

0.05019133220610483

0.055823569951757405

0.0547521801523347

0.061755952380952384

0.06650138544553011

0.07247132429614181

0.07294429708222812

0.08579626972740316

0.07747747747747748

0.08763308763308764

241.0

0.00491411990452567

0.011168007802974883

0.016746163417669015

0.019197786998616875

0.02517814726840855

0.029672471239077135

0.03430741067190996

0.0379108838568298

0.044356467641593275

0.051175656984785614

0.05268754833720031

0.06197525408749448

0.06483948737469865

0.07003427209059752

0.0717433456724837

0.08016212564737672

0.0962877030162413

0.09349060725207514

0.08839779005524862

242.0

0.004759016469929548

0.010358914502480304

0.015546975546975548

0.02069764874710233

0.026152665446602514

0.029034094503131127

0.03191122751395686

0.038294744579198826

0.04863123993558776

0.04787568490074553

0.05388226090357911

0.0581726555652936

0.06609087495306046

0.06863468634686347

0.07985512245601932

0.08730512249443208

0.08355243938066025

0.08111587982832617

0.09445958219800181

243.0

0.004961513493461931

0.011448336337506698

0.015512321660181582

0.02145124220203568

0.026278576478906433

0.030337290371207838

0.03659198913781399

0.042366107114308556

0.046983105390185034

0.051876955161626694

0.057112068965517244

0.062549041587266

0.06602715834060047

0.07242712671029149

0.07803830320386612

0.07866609662248825

0.0917239318792949

0.09027169149868536

0.0948509485094851

244.0

0.005347347070483566

0.012097761669197238

0.015390177141971802

0.021575457916619845

0.025642547634593695

0.03263329979879276

0.03801585688147997

0.04364579473879215

0.04790467698792251

0.05337450374944861

0.055848982785602505

0.06458123107971746

0.0660941000746826

0.07705804942243018

0.08285816108339274

0.08201117318435754

0.08696951583980873

0.09910676307954062

0.11168384879725086

245.0

0.006269885831929628

0.010386784053813434

0.017453638772011844

0.021183142444123206

0.026148368645304385

0.033023021763743866

0.03802125919869174

0.04444609334421607

0.052547388626729585

0.0564079822616408

0.06156753530932962

0.06747252747252747

0.07768108523163553

0.07936507936507936

0.08306652436855212

0.08224719101123595

0.09682209682209682

0.09647919524462735

0.09836065573770492

246.0

0.0051945642595426925

0.011446663419386265

0.016857128083148043

0.024173167783760028

0.027395628610565183

0.034417309882323166

0.041500236950781935

0.046001624455438234

0.05064924590692798

0.05279971603514065

0.060756777842793055

0.06750357890100209

0.07020802377414562

0.08066839527513685

0.08119507908611599

0.08338748104829977

0.08628181253879579

0.0958904109589041

0.1068515497553018

247.0

0.006247107820453493

0.012025720316104648

0.016316530261168742

0.02103187643772593

0.028128486699160255

0.03213480330744174

0.0398406374501992

0.04501725783946538

0.05238095238095238

0.05541271389307563

0.06753812636165578

0.06553424657534247

0.07615031625945677

0.08094957239752286

0.08769177126917713

0.09021239325596672

0.0975682087781732

0.08785298072613178

0.10614035087719298

248.0

0.006372073694417509

0.01154450776183926

0.017252957280851283

0.02335872731346628

0.03037313875541318

0.03532937950385817

0.038818622174381055

0.04545789434907537

0.052715400541487496

0.05687959599539293

0.06005144440047487

0.07612761276127612

0.08028455284552846

0.08009885157726414

0.08218701027337628

0.0953757225433526

0.09592760180995476

0.09449866903283052

0.12435677530017153

249.0

0.005911375907652206

0.011021022479001797

0.017434620174346202

0.021005623552762157

0.029302953784720184

0.03555133079847909

0.04310403253134531

0.04813186813186813

0.05476591985866859

0.05791673924403414

0.06871591472483887

0.06898101336928435

0.07223194201449637

0.08704663212435233

0.08678847505270555

0.1032215647600263

0.10175022248590923

0.10686015831134564

0.13533151680290645

250.0

0.006690058479532164

0.013233914374598785

0.01949317738791423

0.024206738632646385

0.03363163128034158

0.03588440774849158

0.04130773926609238

0.048388275710839854

0.05464874379900784

0.055295468598180374

0.0627435697583788

0.07543290043290043

0.07956577266922095

0.08275462962962964

0.0891089108910891

0.1

0.09736842105263158

0.10425716768027801

0.11703056768558952

251.0

0.006615059817030261

0.012485867374526864

0.018472841773812646

0.024927825893848544

0.03198132477385468

0.0369341498831997

0.046596681341009145

0.050333086602516654

0.054228895455634536

0.059218559218559216

0.07493940862821134

0.071467900011012

0.0796658770726842

0.08751814223512337

0.09381701215153682

0.1045594037702762

0.10126219162363741

0.10818059901654001

0.10107334525939177

252.0

0.006403464320265352

0.012631266098672479

0.019130614139122364

0.026071173202794125

0.03458079489411082

0.03637391632114587

0.04524856273249916

0.04934741164393606

0.05565413776415551

0.06337470293108001

0.06941325783461877

0.07806529097062997

0.08061662875916098

0.08864142538975502

0.09643047416089505

0.10589782942337207

0.10778267254038179

0.11394712853236098

0.11483654652137469

253.0

0.00742873061565605

0.011591812978950431

0.021116919414109002

0.024911229471815358

0.03376912704461511

0.03905362776025237

0.047418123367490454

0.05162285210750477

0.056716417910447764

0.06289252543122512

0.07194667712213292

0.08030487131337678

0.08649840725312423

0.08728432651877628

0.1003303773256825

0.10172872340425532

0.11059098888238736

0.12106210621062106

0.10590277777777778

254.0

0.0064456294922327845

0.012726286193459281

0.020042467243254442

0.02680287801395068

0.03407485875706215

0.03981411705601608

0.04335299766771848

0.04908794305205398

0.06008757703535517

0.06910387873383861

0.07558369608231104

0.07550482879719052

0.0832801938528249

0.10052447552447552

0.10319666435024323

0.10925282363162467

0.11551724137931034

0.1234624145785877

0.11818181818181818

255.0

0.005793309661745468

0.014489925354929989

0.021004707951782296

0.025583982202447165

0.0349543177129384

0.0438171874017728

0.047501542257865514

0.05651885191470523

0.05847484780519065

0.07174691951411344

0.07495590828924162

0.07879185817465528

0.0910344827586207

0.09064024841046872

0.10400866738894908

0.11416721239903951

0.11890951276102088

0.12334801762114538

0.129695885509839

256.0

0.006370602899085957

0.014144752831380936

0.021392048419075445

0.02687904430064709

0.033734371313989146

0.04373694537628964

0.0461892202610401

0.05238513315774071

0.06205774705164701

0.06562994201370585

0.0737198645148436

0.0845608292416803

0.08260261786758165

0.10005800464037123

0.10269891342446548

0.11012548680225011

0.11690223792697291

0.11048034934497816

0.12182296231375986

257.0

0.0062180974477958235

0.01434108527131783

0.0202808112324493

0.02684713910173947

0.03784289641457566

0.04427033569017135

0.048503893974586695

0.053591201003912306

0.06472517801424114

0.07081128747795415

0.07841031149301826

0.08216432865731463

0.09258790791803694

0.08817547937245787

0.107421875

0.10521602865457802

0.11683168316831684

0.11503267973856209

0.12018779342723004

258.0

0.006648936170212766

0.014564052605942523

0.02138089278264497

0.028017476788640087

0.034669173815959575

0.04419281785829828

0.048226089302576554

0.05681650700073692

0.06462475946119307

0.06952439996457356

0.08033620015637216

0.08005663871038013

0.0971263646630694

0.09902034664657121

0.10905497664390945

0.10867226167419841

0.12365747460087083

0.12349397590361445

0.14667817083692838

259.0

0.006845806361477204

0.01387671633070406

0.021072299787200915

0.029041519434628977

0.03514265831593598

0.04280521433943344

0.04985436564383933

0.060619501737266206

0.06470682217606646

0.07310199048793377

0.07786407766990291

0.08440487965710518

0.09647913795263752

0.09906012233328361

0.11225012813941568

0.11412453894554134

0.12884902840059792

0.13806793118659022

0.14742451154529307

260.0

0.006981690401331607

0.01414301256057759

0.020799917214259844

0.02903991608237178

0.03851851851851852

0.04279293536747484

0.05290753098188751

0.05479958586007987

0.06768817628939262

0.0696750264924055

0.07681701792397085

0.09077904929577464

0.09916748285994123

0.10205287254467582

0.12327811682650393

0.12984710835364502

0.1321084864391951

0.13339183852566916

0.12632508833922262

261.0

0.007109995817649519

0.014742014742014743

0.02298252911813644

0.03019218169906093

0.037502952988424286

0.04636015325670498

0.05751277683134583

0.06169590643274854

0.06764108810393829

0.07846747325968788

0.08078021869766526

0.08463498393707766

0.09248195170525268

0.09949090909090909

0.11539816772374913

0.11538461538461539

0.1267021906453523

0.13055555555555556

0.15892857142857142

262.0

0.007773719209515782

0.015214115588392554

0.02339331619537275

0.03134160090191657

0.038413731873335306

0.04503412642725011

0.0523963418826927

0.061204925890421064

0.07138864489339615

0.07653822522601597

0.08854116046263

0.0886595650244119

0.10228550018733608

0.10975786573872698

0.11726964890393869

0.12402928777457288

0.13117647058823528

0.1290609701824655

0.1420814479638009

263.0

0.007072528082096796

0.01548867758062935

0.022661985317586977

0.03223640026863667

0.038540747278611356

0.042019973619747505

0.05520547945205479

0.06299846345211092

0.0696999031945789

0.07726114089830359

0.08680622239293259

0.09970969182670836

0.1031441717791411

0.11281041792852817

0.1235934664246824

0.11953923060204304

0.12774806892453952

0.13774354327140914

0.13205907906168549

264.0

0.007308444278931198

0.015726495726495728

0.022530688351375148

0.03170903572009323

0.03968913146654011

0.0459633543868426

0.051007257681611615

0.05796889829889757

0.07167235494880546

0.07643652561247216

0.08946163797392775

0.09422596044555581

0.10377122877122877

0.10677005666567253

0.11806642323074248

0.12290259315755067

0.1349274124679761

0.13887640449438202

0.134394341290893

265.0

0.00788430137625379

0.015413589730881697

0.02437871066043188

0.03259154469775287

0.03816793893129771

0.04944399070176541

0.052606408417025345

0.06584241714829175

0.06901305652420728

0.07515457633022729

0.08627142012999803

0.10202500829921433

0.10747663551401869

0.11190650109569028

0.11645392551145305

0.12976426525666446

0.12719167904903417

0.13518273888154997

0.15649867374005305

266.0

0.008037322740080373

0.015106184707440287

0.02712996295716596

0.034605097975001366

0.04354415622267561

0.04911086858830327

0.05756578947368421

0.0651014664494149

0.07688013398197624

0.0824112596264495

0.09404013177598083

0.09349456947710223

0.11087176887987836

0.12206642066420664

0.1123340321453529

0.12028565052443652

0.1292751804204581

0.15240174672489082

0.15964125560538117

267.0

0.008655564963778343

0.017676519689678878

0.022379884188011893

0.03483935187745396

0.041535041535041534

0.04911775747716181

0.05259640446434539

0.0637007816494996

0.07454705084204645

0.07721801159161837

0.08958149563853768

0.09728279100972828

0.10415359518132765

0.11742538438347905

0.11908962597035992

0.12180484552122695

0.134960305792414

0.14954088325317008

0.15048975957257346

268.0

0.007829873980726465

0.018193535593892526

0.02361798679867987

0.03357446573526975

0.04165206215679402

0.04870681517840287

0.05688420483718416

0.06675035073469689

0.07202414039545779

0.08417568655514805

0.09436923680596429

0.10319137106638497

0.1094853683148335

0.1120727592782749

0.12530842439196335

0.12929112795363354

0.14018126888217522

0.1382882882882883

0.1531279178338002

269.0

0.008478502594514456

0.0173052549478405

0.027095245454077165

0.031280336533275804

0.042083578575632725

0.050291957054059144

0.053977464408609406

0.07041133521289669

0.07810727596823853

0.08525708289611753

0.09282117112669103

0.10033883484533829

0.10426898375519456

0.12467114878690441

0.12912912912912913

0.14498466929478757

0.14179548156956004

0.1559116500649632

0.16636363636363635

270.0

0.00892279241793805

0.017567965452939444

0.024283935242839352

0.03381057268722467

0.046815589353612165

0.055841708542713565

0.058350922584598626

0.07164024299896281

0.07717374026386901

0.0890913916659294

0.1009183469754442

0.1027190332326284

0.11053496901479702

0.11970479704797048

0.12944297082228118

0.13504611330698288

0.14040284360189573

0.15087561742254155

0.1745325022261799

271.0

0.008565410718464778

0.01707447584764314

0.027000052529285078

0.0322937403229374

0.04278479538972001

0.05302600919453366

0.0630362813323424

0.06964626449434903

0.08123838008245089

0.08570677416527912

0.09556012937371361

0.10362413194444445

0.11152559814767173

0.12451823302697895

0.1279150713539854

0.12976268234269542

0.15185636031649422

0.14417989417989419

0.15775401069518716

272.0

0.008676587209031115

0.018551150269211943

0.025916692635296563

0.03757852020679304

0.043198962753418196

0.05371385842472582

0.0611439842209073

0.06952533488642981

0.0819300518134715

0.09019056819179766

0.09209238598551575

0.10529187124931806

0.11003115264797508

0.12001804782674086

0.12680960234561114

0.13881081081081081

0.15047114252061247

0.15232660228270412

0.17280701754385966

273.0

0.00748523873727277

0.01779201577131592

0.027308734625807796

0.03873297226325291

0.043534994068801895

0.05571680969207471

0.059296413357152675

0.07296958986819822

0.08392772230147408

0.0900149293053482

0.10167674010528369

0.11204634892872758

0.11995967741935484

0.11865148861646235

0.1361969617600838

0.1387039502885042

0.15900326312666865

0.16098807495741055

0.1619217081850534

274.0

0.009863961479126736

0.016045929633446195

0.027612596307978694

0.03519464119035853

0.045449261885388816

0.05444451454166929

0.06391920287399173

0.07040599074957786

0.08228204098031337

0.08931868131868131

0.09890325107716412

0.10871003307607498

0.12119649303764828

0.13311027058481234

0.13748870822041553

0.15268014059753954

0.1572867298578199

0.15864759427828348

0.15808491418247517

275.0

0.010546228422794988

0.019444849545476643

0.0259726821192053

0.03875539807330307

0.045872099870451065

0.0543935682432008

0.06053236049182543

0.07342911043389928

0.08339417538736107

0.0938925938925939

0.09886785086863166

0.11088094199738334

0.125

0.125725900116144

0.13233480176211454

0.14684521107580573

0.16285211267605634

0.1578255151249452

0.16226071103008205

276.0

0.00852937130279268

0.01857764876632801

0.02825123794631222

0.03870298597084994

0.04532344458178822

0.05453852021357742

0.06505524861878453

0.07637231503579953

0.08366629375099888

0.09438439230160822

0.10614086717677065

0.11466397397060474

0.12237583205325141

0.13294968275047955

0.1401501608866643

0.1461156278229449

0.14823599169878446

0.1665150136487716

0.18845500848896435

277.0

0.009155883589480076

0.018254477280576248

0.02760928676009203

0.03579727785769614

0.048467569493941556

0.05835461169583359

0.06778192482004798

0.07675565873476495

0.08553100498930863

0.0991915152568895

0.10414246999612853

0.11947052834031

0.1204728370221328

0.12743628185907047

0.1374340949033392

0.1533989266547406

0.16712664826740264

0.17378180250107805

0.18675252989880406

278.0

0.00928923293455313

0.019844567183146783

0.02784771104146329

0.03648871766648321

0.045113669914378506

0.055685333670054925

0.07129186602870813

0.08079257147035168

0.0822334213262939

0.09632457386363637

0.10003926958570587

0.11762749445676275

0.12564522220823365

0.13260869565217392

0.1495570609692548

0.14894532931554025

0.1663371928833663

0.171875

0.18444055944055945

279.0

0.01005454114299265

0.019602019602019603

0.030601149484802984

0.038920516750602145

0.050709577816044175

0.056151065686152316

0.0710862080604874

0.07587995553908855

0.09074177802672641

0.09786148024289361

0.10652280529671408

0.11974977658623771

0.1293697371778515

0.12924774905605577

0.14408824543260945

0.1586951730218206

0.1735159817351598

0.17563989408649602

0.19346049046321526

280.0

0.0097961836668369

0.01841429699842022

0.02694548481065335

0.039591949269368626

0.047627426828553

0.06279025383294103

0.0705536166427154

0.08311936028171081

0.0880467873738183

0.10426791552531589

0.10855520751761942

0.11820072233774762

0.12770481550969356

0.14001463057790783

0.13842939230367404

0.15794066317626526

0.1672992700729927

0.1800614844093105

0.19964349376114082

281.0

0.01013308428671492

0.020983866178362863

0.028771384136858476

0.04285002491280518

0.05192590414583946

0.058756489806255544

0.0695906035711861

0.08064632474933275

0.08698402656966629

0.09914938862307283

0.10648998936067318

0.12008326942040101

0.13511814982403217

0.1496377347331066

0.15550070521861778

0.1633457411867747

0.1626737651582372

0.16204506065857885

0.19669277632724108

282.0

0.00958273247429874

0.0209346165294176

0.028556647697878943

0.03870431893687708

0.05321730894453324

0.05804080598149791

0.06562969027152409

0.07463784101772189

0.09159448187359641

0.1022797835536237

0.1060886507549927

0.12097304404996713

0.13017000761228115

0.14145985401459854

0.14701679171132548

0.16583783783783784

0.17239370995923123

0.18663077613279497

0.188780053428317

283.0

0.010066335761005706

0.020097799511002445

0.031176289611321916

0.04015105236852335

0.051783929935931346

0.06384988350859518

0.07232661889955387

0.08043943080439431

0.09363871803172548

0.09712867777383906

0.1133738006657529

0.12407809110629067

0.1328820358530776

0.1391460137354434

0.1487015297047314

0.16319519003650418

0.17311731173117312

0.1895628902765388

0.19304347826086957

284.0

0.010024244684819097

0.021890252921165507

0.03067261781191613

0.04266504343976537

0.049847703842549204

0.06126080325368582

0.0723257698541329

0.08260997498896572

0.09014452518984241

0.10221238938053097

0.11515032422872863

0.11579181990415692

0.13308080808080808

0.14895833333333333

0.1504297994269341

0.16974494283201408

0.16716328963051252

0.18581687612208259

0.17958067456700091

285.0

0.010519917710865906

0.021039844509232266

0.03315698496673825

0.0431455190771961

0.0530932326459483

0.06261078754114965

0.07506775067750678

0.08290041706299846

0.09494071146245059

0.10335665574351253

0.11321476381717345

0.12476433403571033

0.1389690204439985

0.1403087992804677

0.1546863988724454

0.16357206012378425

0.173785839672323

0.1901813356921716

0.2054794520547945

286.0

0.009356670701052044

0.021422577619823288

0.0312565775626184

0.04257436691363486

0.05216765605324699

0.06385012425922386

0.07367493561068185

0.08341294921731461

0.09636524111369654

0.10023082386363637

0.11877319789021293

0.1245311327831958

0.13302984319676278

0.15484152369874965

0.16229244777718266

0.17315436241610738

0.17621899059024806

0.19043440105309345

0.2328888888888889

287.0

0.009474073389407523

0.022856016944978078

0.03100535640708694

0.041819475614428815

0.0521901211556384

0.061444029614630136

0.07165172507470796

0.0871647509578544

0.10031073221257271

0.10965067043048694

0.11682197155468367

0.12736679876706297

0.14780309706659953

0.15290611028315945

0.16366782006920416

0.16917293233082706

0.18599942146369686

0.1902198295199641

0.20977777777777779

288.0

0.011095505617977529

0.022095126362614265

0.03284080822847596

0.043346385043842715

0.055052346782731444

0.0654951081198978

0.07559291914428269

0.08337629815128526

0.10109819121447028

0.10283719681374742

0.11978505129457744

0.13154347337676928

0.13987058237929317

0.14636735932049144

0.1682761087267525

0.16934046345811052

0.18531169940222034

0.1831818181818182

0.18976169461606354

289.0

0.010551379616228582

0.021378367825068332

0.03316273240025068

0.043320695807314895

0.05632393620151845

0.06683820760637631

0.07573689956331878

0.08978899217943043

0.09691948845813561

0.10987840596432058

0.12822761375816039

0.13161659513590845

0.13996478873239437

0.1523865129178222

0.16417910447761194

0.16490765171503957

0.18486646884272998

0.19877139096094779

0.1930131004366812

290.0

0.010475794914393835

0.020331728196896735

0.03256694901878256

0.04163647511286996

0.05364705882352941

0.06886965312440765

0.07958666940395538

0.08864571092831962

0.1004150052892831

0.11078053902695134

0.12133281523217408

0.13553193820532486

0.1453296004072283

0.15679857185361498

0.1544943820224719

0.1763024840624313

0.18857979502196193

0.2044963251188932

0.22320637732506643

291.0

0.00996339033319431

0.02265875717203151

0.033661315380631794

0.04579732481972808

0.055409740449110526

0.06418493323255228

0.07503066648493935

0.08766304743860671

0.1017324578751681

0.11109171830002618

0.12265774378585086

0.13703744372460744

0.14644767948239393

0.15387962291515592

0.17148262813897489

0.18175660419959358

0.1870967741935484

0.20613441587731168

0.20529197080291972

292.0

0.011972713350967562

0.021613545816733068

0.03471532388769802

0.04525136581866343

0.055634051571882726

0.06828096352026301

0.08298312320725769

0.08962159769860589

0.10270529087862101

0.1107959581634462

0.1236425226661353

0.1346704871060172

0.15240608116597562

0.15808276272700209

0.15977175463623394

0.17066666666666666

0.18669075579644687

0.18554006968641115

0.2177348551360843

293.0

0.011416057033689017

0.023288147375738616

0.035377602817776854

0.04714435204053533

0.05611459689830709

0.06917920829644619

0.07941017316017317

0.0929700191995274

0.1058646139195302

0.11107183882654413

0.11674528301886793

0.1415276359096584

0.14679130874178878

0.1608547262205075

0.16473036240679728

0.18307692307692308

0.20112226816302423

0.20638390905115872

0.20272727272727273

294.0

0.01215890105810284

0.022699051308796504

0.033920451575811424

0.047715680359787196

0.05964809384164223

0.06819763395963814

0.0809571958206943

0.098461991316506

0.10260361748722524

0.11407980312884514

0.1252789907811742

0.13815342837746097

0.15308796007485964

0.16012172148963918

0.17415437987857763

0.1728422453960506

0.18674875403107594

0.2001759788825341

0.23897058823529413

295.0

0.011752186184240966

0.023802555848209932

0.03295972158247607

0.04401961324444934

0.05791483113069016

0.07321120827216442

0.08366887326827271

0.08816568047337278

0.10530980581742003

0.12097204913654976

0.13018500486854917

0.13476733977172958

0.15518121490556405

0.17008797653958943

0.17531432619089782

0.18569832402234637

0.20428189116859946

0.19627442071785553

0.22085889570552147

296.0

0.013622957726698188

0.024614631759236606

0.03478972679832191

0.04653350301554805

0.05954548123788831

0.0736935565702689

0.08276981336218556

0.09753022324408514

0.10990146217418945

0.11800486618004866

0.13022665103556078

0.14697532212273423

0.1589542162759298

0.1598594642072903

0.17960242005185825

0.19829519964109465

0.19203951191167926

0.18914334181509754

0.24394618834080717

297.0

0.01197882811774538

0.02381880175353142

0.03473415612143936

0.048669410150891636

0.060732064421669105

0.07073872721458267

0.08605239756481292

0.09960422163588391

0.1075511189824505

0.1206896551724138

0.12845465161541456

0.14681532177944587

0.14579869548535618

0.17145356465957137

0.17739975698663427

0.19622810956443645

0.20733890214797135

0.19256308100929614

0.23140495867768596

298.0

0.01103300591220148

0.023114706732158336

0.035376874101458206

0.04763757643135075

0.06158737635421573

0.07565810041893328

0.08496462669139364

0.09852616064848932

0.11598746081504702

0.11852836879432624

0.1350401606425703

0.15071018106906647

0.1520638136237022

0.16434131296813043

0.1838478981336124

0.1932938856015779

0.21160714285714285

0.2166000887705282

0.20999153259949196

299.0

0.012541651240281377

0.024025052600675247

0.03761315159712829

0.05166583513498531

0.06166156742763003

0.07042253521126761

0.08336750034167008

0.09872096442222876

0.11077820066402137

0.12190781277807439

0.13777434013342357

0.14732841493404875

0.15558075081884606

0.17586556569607417

0.1856893542757417

0.19765382912793272

0.20182961692395654

0.2244718309859155

0.2252173913043478

300.0

0.011089883975583617

0.02275582181853319

0.03683299228710845

0.049060140014332176

0.05801581168638174

0.0783671412372433

0.08694167463461276

0.09914656771799629

0.10759341100843713

0.12368328651685394

0.13458482320222487

0.1511140525038606

0.15924050632911393

0.1698415006543551

0.18474758324382384

0.20504871567759078

0.21553453711665232

0.22424511545293072

0.2388451443569554

301.0

0.013136517662349719

0.026175687666370896

0.03486248108136319

0.052411363135873155

0.06322245812691672

0.07446408424219632

0.08542884327851026

0.10395638399764238

0.11455828122494789

0.12854475953418082

0.13413678228493042

0.14985590778097982

0.16544982056676155

0.17526084984122184

0.18277495176284864

0.19977116704805492

0.21282885013301803

0.2255907267053054

0.23636363636363636

302.0

0.012798084890894025

0.02601492103478345

0.03558811305070657

0.05409276192574639

0.0635543580131209

0.0737146529562982

0.08535570655942311

0.09843008397225264

0.11024769305488101

0.12115401377146344

0.13258691809074838

0.14423816324288696

0.15968816798692317

0.1794797267838977

0.19066147859922178

0.20039249890972524

0.2141390437078322

0.2070008643042351

0.2234982332155477

303.0

0.012722527728586076

0.025340077591710454

0.03691622657139899

0.050473710454872846

0.06308590295383527

0.07712066157123168

0.09167060730932919

0.10547166990581552

0.12010633156114064

0.13057938036058114

0.14059463661095997

0.1537190082644628

0.16790247580746512

0.18067603948549207

0.18563613905064408

0.2058029689608637

0.230945558739255

0.2398945518453427

0.24003392705682783

304.0

0.013040653424911825

0.026838091513492375

0.03798392987582177

0.055330709097965294

0.06592566454951776

0.07953760130677892

0.09118025896549387

0.10554496112659528

0.11958545866731439

0.13163687593554635

0.1492113255608896

0.15806100217864924

0.17505081300813008

0.19530910670334442

0.19588360539389638

0.2092546159106451

0.22892271662763466

0.23860115095174855

0.2704691812327507

305.0

0.012655836796373252

0.029417513682564504

0.04019709543568465

0.05269243475388173

0.0664643579673926

0.0826062394074446

0.09724109812449035

0.11127785698206648

0.11926380368098159

0.13309859154929576

0.15340186000978953

0.1596368869699989

0.18038174693464795

0.18817442719881744

0.20612714715778288

0.2074844995571302

0.2326688485569771

0.2329246935201401

0.22992700729927007

306.0

0.012761183564717431

0.026808738383690946

0.04139911250326286

0.0546607832322118

0.07068187217866477

0.08380272875203405

0.09537809380555176

0.11493997332147621

0.12610350692475905

0.13550494350282485

0.1532187591028255

0.1730058682895023

0.17948390393459376

0.19630384167636786

0.2039730400851366

0.21898127993034391

0.21697566628041715

0.242756804214223

0.2742081447963801

307.0

0.01484643221675791

0.028167646058957798

0.045186335403726706

0.057138143422789264

0.07111636148848198

0.08627401733015196

0.1000812017864393

0.12100118483412323

0.13361688468020222

0.14344044026273745

0.15242427175070164

0.17549813882198378

0.18339575530586766

0.2056047197640118

0.21967155218082288

0.23255813953488372

0.22869565217391305

0.25365434221840066

0.28278322925958965

308.0

0.014232244351000416

0.029542458127838272

0.04597462034532973

0.058334709151945406

0.07462864642367117

0.09063233335447453

0.09933640303358614

0.12107557065819606

0.13365907478918748

0.14802110817941952

0.1656828020464384

0.18088849791071035

0.18430470347648262

0.21040594625500286

0.2199367088607595

0.23914893617021277

0.24940119760479043

0.27070800555298474

0.2773913043478261

309.0

0.013844862949841507

0.029132824278974758

0.04664935064935065

0.061158385945649194

0.07421553649077448

0.09397925626106754

0.10655904497049447

0.1224895166629883

0.13709546267685802

0.1533769063180828

0.1646394862313905

0.18022932205276634

0.19502437804725592

0.2086712874207344

0.22558220368439347

0.24463327370304114

0.2506787330316742

0.2881433823529412

0.2919831223628692

310.0

0.01510113604876697

0.03131144317734959

0.048163476461458875

0.06266563604240283

0.0796454982979223

0.08890014563414171

0.10445816186556928

0.11999102870813397

0.13975180468813367

0.1557340866955063

0.17154526889040164

0.187513739283359

0.19528748879498015

0.2178959741404643

0.23275862068965517

0.2385076615589607

0.2558411214953271

0.2786885245901639

0.2820738137082601

311.0

0.01507936507936508

0.03194621650799882

0.04929248950396517

0.06208462560921577

0.07860654754766759

0.09751930135425896

0.11141734996210294

0.13540300247777293

0.141306988420115

0.16055535777856889

0.17706593298614523

0.19018809811901882

0.20063532401524778

0.22540564244993422

0.23880597014925373

0.2478519497686715

0.261172373766686

0.2906666666666667

0.2916307161345988

312.0

0.01614408361328854

0.032161884745099956

0.05154639175257732

0.06458390931711364

0.0822022445502086

0.09650592689132999

0.11497054641478772

0.12372287269744202

0.13951087819596633

0.15793213714691776

0.17779951100244498

0.19230769230769232

0.2165572942958102

0.2263681592039801

0.2504381352961795

0.2574658703071672

0.27437774524158126

0.27939876215738285

0.2877070619006103

313.0

0.01634588820333364

0.033840618466475424

0.049277164619928496

0.06899956121105748

0.08303461244637715

0.10305682394723491

0.11992091628033816

0.13252122554448137

0.14548251295336787

0.1633303808680248

0.18859649122807018

0.1961555264307558

0.21622297212848393

0.2376467178669758

0.24058802438149873

0.2854997854997855

0.26890034364261167

0.306948109058927

0.32051282051282054

314.0

0.01594176188720973

0.03341535433070866

0.053624783771033184

0.06914716646334701

0.08491567401816252

0.10231478577253622

0.11874528107625781

0.1393903954389299

0.15353794374549243

0.1681721572794899

0.17951182010378627

0.20283337081178324

0.2221253270213031

0.24136917878654326

0.2687801516195727

0.278472532380527

0.2743515850144092

0.3234634365186182

0.33362143474503025

315.0

0.01758770711839304

0.03503727888504459

0.05413268221725804

0.06921765902468525

0.08556495184402162

0.10266423127794924

0.12481213280502801

0.1406855221808083

0.1545643153526971

0.17222667022506893

0.19154276887430005

0.21280766717490743

0.226533487002177

0.24176144648585593

0.25785270629991125

0.2904158327774072

0.3009478672985782

0.29924745462594066

0.3261261261261261

316.0

0.01826441683664009

0.03681675186787259

0.053025577043044295

0.07049216753694033

0.08796132531541091

0.10617426428159261

0.12059381778741865

0.14296086546141

0.1581131774283662

0.1762820512820513

0.1931773105910353

0.2132863280819654

0.23078870743132043

0.24694767441860466

0.2780332507958967

0.2798846750942559

0.30213749277874064

0.30161501527717155

0.3558282208588957

317.0

0.017481220439580822

0.03559902686063254

0.055677918352712186

0.0703047640004401

0.09021668536340556

0.10730450088006034

0.13084366907455364

0.14567448680351905

0.1617436874702239

0.17507572479446126

0.20035408675125405

0.21783481408358013

0.2372322899505766

0.2619117217187957

0.2711952744961779

0.28949691085613416

0.31996461220878797

0.3324829931972789

0.3574007220216607

318.0

0.019470770385662008

0.037075029308323564

0.055022558730487996

0.0739245825500387

0.09432487675844656

0.11003824691203211

0.1333922261484099

0.15255596878874061

0.17288217328403793

0.17915774446823698

0.20636780935638246

0.21692705406316737

0.24503559385537654

0.2620406968233055

0.2815126050420168

0.2808159722222222

0.3179626280892104

0.32660228270412645

0.36086956521739133

319.0

0.017305893358278764

0.038080768476769264

0.05496774193548387

0.07195541714473037

0.0936296814840742

0.11638984644312128

0.1322553897180763

0.15212395285047076

0.17259900593233926

0.19014891179839633

0.21062432617857493

0.23203194321206744

0.24673548066160925

0.26083163710380924

0.2853132128443587

0.29628811312417147

0.3352634626519977

0.3179372197309417

0.3684210526315789

320.0

0.0208080619576374

0.03963858933255611

0.05767739934880355

0.07532467532467532

0.09538950715421304

0.11889209898253988

0.13455365070691894

0.15394187833979944

0.17017557797727814

0.19672698934972724

0.2117200428307213

0.22455288143077942

0.25442731558160275

0.2697820244849209

0.2905166312809625

0.30679106096767195

0.3204022988505747

0.3313528336380256

0.3765541740674956

321.0

0.020134543914945666

0.03913623560804467

0.0591804979253112

0.07886101996551916

0.0958944454261648

0.11675286993818594

0.14355737594843215

0.16138606514802997

0.18306673129746323

0.1942548098235659

0.21692338072669826

0.2366395180185206

0.26024065540194574

0.2592160862596532

0.2919343326195575

0.3137513751375138

0.3371613663133098

0.34993446920052423

0.39202965708989806

322.0

0.021489440533530937

0.03932751438206705

0.05952011583410901

0.08056611046863814

0.10422732036799813

0.11884806856134603

0.13764274061990212

0.15456142919900426

0.17827588977263598

0.19594411897251013

0.2156234837457545

0.2396694214876033

0.2631578947368421

0.2837298655238658

0.2922422954303932

0.3300438596491228

0.3440828402366864

0.362657091561939

0.3662222222222222

323.0

0.020002771746662356

0.039411764705882354

0.06113833003231523

0.08074016448099577

0.10635660744850381

0.11914974139018544

0.1429344151453685

0.16137546740963413

0.1880553998879193

0.19257746603924353

0.22356288012556405

0.24232722455288144

0.26083650190114066

0.27999406792228976

0.3046416503645741

0.32059874888293116

0.3334317779090372

0.36927348449791764

0.3928888888888889

324.0

0.022344801795063575

0.042920792079207924

0.06358799524768842

0.08424543946932006

0.1064665533212171

0.1254069621838217

0.14669308554249796

0.17004852227613587

0.18990480761539077

0.20318902547657225

0.22413112164296997

0.24567739111402934

0.2763608679101637

0.2936344969199179

0.3137538405928068

0.33810888252148996

0.34442836468885674

0.37112010796221323

0.3903697334479794

325.0

0.021187427240977882

0.04443010325655282

0.0671225011743828

0.0868147315153219

0.10426008968609865

0.12441034027297314

0.1462524111325434

0.17460550458715596

0.18947881149537263

0.2099442625851544

0.22541780023319083

0.2596559558584875

0.27200816534830313

0.2916417910447761

0.30846126383434486

0.34448521476365207

0.3670923670923671

0.37331536388140163

0.43105022831050227

326.0

0.020632929039453508

0.04376572753737603

0.06602547439563296

0.0881067020864464

0.11090747856931718

0.1297358633297611

0.15217686152176862

0.17405558453170406

0.19442883519306414

0.2158493870402802

0.2307767848374742

0.26026795519437734

0.2746770349931017

0.3018337769890565

0.3169627307558342

0.3394475138121547

0.38734706057893165

0.38299776286353465

0.4205933682373473

327.0

0.021403706839777967

0.042824980422866095

0.06633377135348226

0.08072642710813355

0.10591647331786543

0.13452299245024021

0.15370533595498

0.1735992261328968

0.1981917106737078

0.22218291172828586

0.23907979033197438

0.2623041884235085

0.2817258883248731

0.3104874446085672

0.32101372756071805

0.33407721490738673

0.37149465163342005

0.38961625282167045

0.400355871886121

328.0

0.0219846338979913

0.04490433424443577

0.06621348139691764

0.09132017205249807

0.10945186226282502

0.13492714312748375

0.16082051282051282

0.17839488223320732

0.20260237886165883

0.2270994058703556

0.24250389408099687

0.26042014004668224

0.2867009920884089

0.3095343029234611

0.33596271064897815

0.35536105032822757

0.37386993292505105

0.3988541207580432

0.44916003536693194

329.0

0.021688078463876225

0.045669675530617224

0.07060601323537075

0.08895637769188294

0.1127599976160677

0.13328640900947017

0.16378261457347573

0.17899691131048684

0.2084645828285276

0.22784030953218432

0.24282411866692352

0.26508954233915544

0.2877210585726828

0.32029090909090907

0.3344796380090498

0.3625110521662246

0.37429671305892803

0.41644678979771327

0.46174617461746176

330.0

0.023326995316050644

0.04675056533280897

0.07215097487227609

0.08773695688642845

0.11639741996567844

0.1385545964337471

0.16155819605725089

0.18662952646239556

0.19829100782622583

0.23165517843120145

0.2569705358908444

0.27501360914534567

0.2944287295535605

0.315701979749131

0.3416868302799862

0.36187907394920205

0.39367565999419785

0.4160645983850404

0.44587628865979384

331.0

0.021663009477566646

0.04744186046511628

0.07072956039973075

0.09737641535487435

0.11665109761793555

0.14115786143625436

0.15931422375821644

0.18808221203607867

0.2082527401676338

0.23701580684384227

0.25065425995929047

0.2910099889012209

0.3032612770211171

0.32080344332855093

0.35364564987671715

0.3644295302013423

0.41085731237021655

0.4332892998678996

0.44493783303730017

332.0

0.0254276045001372

0.0482738154120091

0.07026471344127473

0.09519636303883441

0.11974529803667236

0.1466346153846154

0.17062984169754125

0.18869021660125018

0.21692869620454183

0.23694637668398344

0.2640803465931469

0.2850161057425303

0.2975652610441767

0.3302981348215597

0.3586881868131868

0.389733421458471

0.3978965819456617

0.414612676056338

0.45958219800181654

333.0

0.022443546906554066

0.04673267326732673

0.07305060141020324

0.09548939006777024

0.1193880553103854

0.14355617691916625

0.1675403092031053

0.1956945694569457

0.21980447808262377

0.23799010950194277

0.2601499367150229

0.290929203539823

0.31635116249523565

0.33607399794450155

0.3728102189781022

0.37877799521635136

0.41429401510749564

0.46239430351579885

0.4527272727272727

334.0

0.025149250223287737

0.04785044875291317

0.07430388987381374

0.09952659426343637

0.12070300863866547

0.14300228600457202

0.16233632686638788

0.19691603954552162

0.21836668818592642

0.24659593280282935

0.26944085807925316

0.29783233797832337

0.32615230460921846

0.3519732051842144

0.381260945709282

0.39330822069576776

0.4056746151524298

0.4469439728353141

0.493953488372093

335.0

0.024866867330400555

0.05096040768326147

0.0774495866898331

0.10003901242824499

0.12631827019383726

0.1466094203813613

0.17544704264099037

0.1996727894697702

0.22009993552546744

0.24917858094307788

0.2661217980663809

0.29788646674781455

0.3154135338345865

0.3446107784431138

0.3808165448386522

0.3941734716398146

0.4173637150274012

0.43819229065130705

0.4574468085106383

336.0

0.025833021340321977

0.05193200909180749

0.07168086432578434

0.09970139349701393

0.12189602810694933

0.15141091789285943

0.17954911433172302

0.20001494321578003

0.22563978364414305

0.25545774647887326

0.2848791121680539

0.3066608045724335

0.32809304703476483

0.35778175313059035

0.37305605786618445

0.4037827138772817

0.42942227516378795

0.45475113122171945

0.5022143489813995

337.0

0.02630715123094959

0.05391089108910891

0.07564176901586632

0.10259711183253106

0.12775461584276354

0.1565056237218814

0.18077834179357022

0.20294117647058824

0.23644357596482657

0.25765651820399316

0.2860437136555043

0.30592734225621415

0.3309039764735967

0.36844424856765096

0.38476702508960575

0.4207821229050279

0.42806707855251547

0.46636971046770603

0.4982394366197183

338.0

0.027217646501940737

0.05214345616891125

0.07729266764152914

0.10460737623214088

0.13115422711647148

0.1571518987341772

0.1849615806805708

0.20346097201767305

0.23122274269100307

0.25136221527467617

0.2932293722858271

0.30763274336283186

0.3411014190860565

0.3551678249297649

0.39777087520555454

0.4129119031607263

0.4552347623213765

0.46613896218117856

0.5054744525547445

339.0

0.026059551248882828

0.05283259070655633

0.07840963092032315

0.10646848334709606

0.13087465443209223

0.15992121481669738

0.18495893572252767

0.21001941167687024

0.23979099678456592

0.2591365102113938

0.28773631594575866

0.3170103092783505

0.3459857660132351

0.36435732455484066

0.3877884790114483

0.4200892857142857

0.4538595473012188

0.4577338129496403

0.49601417183348095

340.0

0.027793400824896886

0.05363984674329502

0.0815145937417828

0.10652787774763302

0.13319890878899301

0.15865475964278927

0.18285172903837044

0.21248153618906943

0.24206984940724127

0.2682428228601902

0.2951195219123506

0.31951886276653907

0.35303860364377626

0.37591078066914496

0.39060500822518734

0.4320960213380751

0.4615827338129496

0.4834916327453641

0.5215439856373429

341.0

0.02843781000519628

0.05157621218806687

0.08168601610710177

0.10756368533273482

0.13559423053999284

0.16727318358639728

0.18985369818477377

0.221828385762812

0.2532435939020435

0.268225216382618

0.2962605082616678

0.31722595078299776

0.3500884061631725

0.3798084008843036

0.4111883128451808

0.42178217821782177

0.4639236732259988

0.5025553662691652

0.484375

342.0

0.02807996280799628

0.05571209649513075

0.08051538259268998

0.10809161998779879

0.13778705636743216

0.1690722960513766

0.19352869352869354

0.21653396830121288

0.2420545746388443

0.26981065918653574

0.29910937656359454

0.33845468715208193

0.3533537362917623

0.38348168685247336

0.41400709219858156

0.42791612057667106

0.47529961999415377

0.47600518806744485

0.5182608695652174

343.0

0.029973130732882425

0.05408213755566551

0.08159072952330787

0.11593722369584439

0.13486921046316294

0.1723704076497232

0.19753169678985702

0.22764888429141422

0.25953090997017814

0.2877966402986401

0.30518709166501684

0.3411330049261084

0.36391792489353464

0.38771310993533215

0.4207929515418502

0.4418915904528218

0.47408270238788586

0.516331096196868

0.5152603231597845

344.0

0.02814460990915051

0.0556496612196094

0.08797868449924247

0.11585903083700441

0.1513647642679901

0.17075351213282247

0.20288872313012815

0.2275

0.2591720779220779

0.27998232434821035

0.3080444098169069

0.3317695832424176

0.3695185138379881

0.4018761167361525

0.41769257826239886

0.45630195461694

0.4615617433414044

0.5080051925573345

0.5338541666666666

345.0

0.029674834622193235

0.058370591157476406

0.08612490201201986

0.11864123159303883

0.14505038529934797

0.1670095380587245

0.19911262798634813

0.22959667420319452

0.26294628497909295

0.2796352583586626

0.32110894941634244

0.34792728884947904

0.3716611549224116

0.4060973804943022

0.4400863620007197

0.4575750931813199

0.4794352363413137

0.5122932498882432

0.5196581196581197

346.0

0.0307627277850836

0.05957531453578

0.08842510669303633

0.12020279110335805

0.1459265890778872

0.1823003194888179

0.212207916070577

0.23710433763188746

0.2678280690328883

0.28426081571264267

0.32103649490653746

0.34768361581920904

0.3888817727680287

0.4024246008279125

0.44148361541231546

0.4670353982300885

0.5047619047619047

0.5309389874513197

0.5299657534246576

347.0

0.028743625405656004

0.05945600942655145

0.08709305977179943

0.12073712006292488

0.14637051152265826

0.17390202167437735

0.209548155312975

0.24287502761617202

0.26676720374632906

0.2929582512094607

0.32843947496353915

0.352076889085285

0.38606068300114255

0.4206917113893858

0.4465948511959102

0.46204912591281255

0.513431934802294

0.5511953089760938

0.547752808988764

348.0

0.03154916293327045

0.0569857535616096

0.09074723778603969

0.1211298809194129

0.15124842823783008

0.18453109893651304

0.20964217426932533

0.24645704162976084

0.2665069860279441

0.3029685423128046

0.32653876898481216

0.3539319576129392

0.389404971127291

0.41697858960922296

0.45187454938716654

0.4791758972086841

0.5164233576642335

0.53487358326068

0.5556569343065694

349.0

0.031296433878157504

0.06330370885258925

0.09156341576268573

0.11884362390138743

0.1530167334433184

0.17918338747690934

0.21065325248070563

0.24135349603234016

0.27317269076305223

0.3044161284691918

0.33454760263857436

0.3701928436071787

0.39851262982433644

0.413946587537092

0.4616881967793311

0.48351400180668475

0.5228973361269081

0.5409090909090909

0.5697980684811238

350.0

0.031914893617021274

0.05831332385945999

0.09392670157068063

0.12177777777777778

0.1504456541245439

0.18498284843094906

0.20958165563365863

0.24578798270463695

0.2804020921869892

0.3020266047674315

0.33857957898878616

0.36345359097509217

0.3943058704963467

0.43241257713781955

0.46090828138913625

0.48626071664102

0.5304733727810651

0.5569677712210622

0.5743362831858407

351.0

0.03192584963954686

0.059860720106682475

0.0991964238199138

0.12225792155993796

0.15254946500089664

0.18218365133048306

0.21359026369168357

0.24924924924924924

0.275630659767141

0.31170336037079954

0.34129392189488106

0.3685875706214689

0.4068544722835259

0.43798734735912903

0.46687478321193204

0.485386690647482

0.5375259566894097

0.5553067622033139

0.5821596244131455

352.0

0.032202743902439025

0.06440711658880827

0.09220745373990097

0.1280286497677802

0.15468591540893634

0.1936179661231999

0.216741711011052

0.24618122497404715

0.2823204419889503

0.3224973281083007

0.3381379041682898

0.36988125624237045

0.41072097963263776

0.43699851411589896

0.4704630122405535

0.513989865609165

0.526407428903076

0.563563115487914

0.5869365225390984

353.0

0.02959603515990275

0.06109403210852486

0.09617492041955852

0.1291723049165539

0.1567879907070948

0.1944831076806276

0.22630218958248333

0.2560782837786978

0.28771620755925686

0.31076017130620986

0.3382987063896511

0.3895989422653151

0.41507024265644954

0.4515415252987166

0.4724203932486515

0.5102581072137657

0.5261303581914268

0.5659955257270693

0.6245387453874539

354.0

0.030506264263425086

0.06295327840544675

0.09767851590838429

0.1273878397554852

0.1599741313422306

0.1903103229892337

0.2233381157340985

0.25869805075395363

0.291686805219913

0.32453567937438904

0.35562518358954276

0.37524950099800397

0.4126882818483533

0.4547985347985348

0.4823819591261452

0.5118968201022904

0.5434719395173015

0.5800789820096534

0.6022530329289428

355.0

0.0302018158724185

0.06381510865815798

0.09712362622916337

0.13249053241256403

0.15819275687153475

0.19503231529590673

0.22265086800771564

0.26278777111555257

0.2951585156058

0.3293779216109313

0.3598061517159529

0.38862091646568736

0.426034033039374

0.45846430175123487

0.46582765250830277

0.5342527696133845

0.5643387815750371

0.5636042402826855

0.6012433392539964

356.0

0.03257956842649617

0.06586620926243568

0.0981478549944594

0.13158329205877498

0.1624861135473309

0.19691342213114754

0.23521945353731044

0.25745099468046345

0.29831763664171296

0.3303147135299919

0.3667915598501282

0.39291699251480283

0.417637479644244

0.4488049572145176

0.4922096317280453

0.5254387913796934

0.5539000876424189

0.5845684394071491

0.6326344576116681

357.0

0.034393647512098856

0.06373832699244034

0.10326511482580847

0.12833185250999557

0.16280982027487373

0.20210710055482825

0.23492895571803007

0.26645419507856505

0.3049298073783872

0.32562071727329356

0.3697619516033838

0.3963494132985658

0.4298969072164949

0.4690985830569792

0.49503878766011183

0.5277033065236819

0.5620780745523921

0.5851548269581056

0.6506238859180036

358.0

0.03523591730060204

0.06576231200235919

0.10211377059372086

0.13063590258039348

0.16751690592003796

0.2042811501597444

0.2340937199395355

0.27357589121646453

0.30064836308332665

0.337351533416061

0.37072977522526984

0.4038185630725086

0.43669184483420814

0.4541446208112875

0.5066976245758171

0.5311331133113312

0.5667933352820813

0.6180904522613065

0.6649214659685864

359.0

0.03356298296248022

0.06914079849972857

0.10022504841157691

0.13834477370388973

0.17073027781033875

0.1968558621125071

0.24044663291490395

0.27232840038670336

0.31274884212236936

0.3374375446109921

0.3793412279828839

0.4132259528130672

0.43929110105580693

0.47423748889546935

0.5139378969654199

0.5447444766793127

0.5911256700416915

0.6111111111111112

0.6426666666666667

360.0

0.03399261233459578

0.06990426804946151

0.10212632240494396

0.13574585635359115

0.17476831091180867

0.2065760799897449

0.23942032929650292

0.27736799824727965

0.31099130994528484

0.3430289972169854

0.3726429212810536

0.4093715545755237

0.439139895046717

0.4880212954747116

0.5195659907506226

0.5550282485875706

0.5861471861471862

0.6256247160381645

0.6505190311418685

361.0

0.03261627096594341

0.06732983780075465

0.10108265667291276

0.14148086980456923

0.177853935239896

0.2021612740141557

0.2442217222335856

0.2882366088057811

0.31825917821541455

0.34855790304199175

0.3839066941095756

0.4121584549544607

0.4516169623757393

0.4893869674929494

0.5332275691873788

0.5604444444444444

0.5793602896801449

0.6249441215914171

0.64816472694718

362.0

0.033519295495412424

0.06702096250369058

0.10506122878015452

0.14280207071263354

0.17535766423357665

0.2094871794871795

0.24234921944845608

0.27831378952055813

0.31375530127230533

0.3500854086127843

0.3867381377804249

0.4282397169394073

0.45843600051873945

0.49213182897862234

0.5184601924759406

0.563752276867031

0.6036217303822937

0.6438979963570127

0.6802841918294849

363.0

0.035060202057480276

0.07210950867758495

0.10906418936650396

0.14420869954654872

0.17456667845772905

0.21001443182531215

0.25114592597660257

0.2835401891252955

0.3242318102213023

0.35526785714285714

0.3860155162124528

0.4350526899611758

0.4732290474373649

0.4915935128701086

0.5330163761225568

0.5657130565713057

0.6065959952885748

0.6423641069887834

0.6558139534883721

364.0

0.03670373162457595

0.06970562173870237

0.10924193039638314

0.14485108253654247

0.17645324843768423

0.21616671929270603

0.2559408676429953

0.2885787734116783

0.3216890906143621

0.3664328116567728

0.39464551313832424

0.43622392974753016

0.47359020158203624

0.5012799277217287

0.5374317421173155

0.5672679852206042

0.6291093843395099

0.628322440087146

0.6660823838737949

365.0

0.035297374613574496

0.07192472535592886

0.11286610878661088

0.14482041173894

0.18198219170109992

0.22068612391193038

0.2589094919693941

0.28616863905325446

0.3251790456264585

0.3659748092957247

0.4034334763948498

0.43673198272999003

0.47438185062452204

0.5038370720188902

0.5342514124293786

0.5861159929701231

0.6099227569815805

0.6508563899868248

0.6904347826086956

366.0

0.03691496374423204

0.07592954990215264

0.11524183006535947

0.1471503166314854

0.18177028451001054

0.21889883787388073

0.25754595401207353

0.2948708459773518

0.3283726168449843

0.36365246656629174

0.4049635611581643

0.44125180977837175

0.46830082135523615

0.5250767656090072

0.5328676338885904

0.5905390539053905

0.6096096096096096

0.6349060925332112

0.6944444444444444

367.0

0.03797234170482401

0.07331844130057086

0.10887413062803954

0.1488765618871519

0.18182355025392702

0.2264768862577151

0.26471796276013143

0.29955456570155903

0.3385289819775938

0.37106643356643354

0.41096574453210827

0.45459579180509413

0.47881248414108096

0.5252747252747253

0.5492209631728046

0.5852247441032488

0.6316251830161054

0.6657986111111112

0.6969162995594713

368.0

0.036387508205945794

0.07479787708943009

0.11163734776725305

0.15347137637028013

0.1860023724792408

0.22783297698402716

0.2638463110566115

0.30646950092421443

0.33608147429679924

0.37525571466690383

0.4139790314528208

0.456401766004415

0.48161209068010075

0.53000300030003

0.5706923209070607

0.6043759767805313

0.6373963770340805

0.679317697228145

0.7189141856392294

369.0

0.038174312352149915

0.07399911141827517

0.11539646672144618

0.15253772290809328

0.18973293768545993

0.23312348064576452

0.2608462774504553

0.3043282911487195

0.3415588564127136

0.38288483170372933

0.413283033852874

0.45340997015585277

0.4918740477399695

0.5352133471135391

0.5738494470210489

0.611404667547336

0.6424086757990868

0.6835902085222122

0.7324066029539531

370.0

0.035715950948850654

0.07820575329107753

0.11499459515107839

0.15057165057165056

0.18714499252615843

0.22368503542097673

0.2680384459185055

0.3005211774205388

0.34266347687400317

0.3830920877364355

0.42071069987203463

0.458259325044405

0.4976254652804518

0.5423088107007851

0.5670786315600932

0.5984581497797357

0.6535456730769231

0.6784160139251523

0.7126736111111112

371.0

0.037151124801642864

0.07857354246818585

0.11862889637742208

0.14900827823767987

0.19285081240768095

0.23257283700941667

0.2710130391173521

0.3060495572587246

0.34575368981369464

0.3843558554559176

0.4190989226248776

0.46554566435872075

0.5035522871743737

0.542145308071013

0.5833932422717469

0.6169014084507042

0.6637605347282767

0.6811594202898551

0.7328825021132713

372.0

0.03886411640459986

0.07786905650983321

0.11499765417296565

0.1576296793688098

0.19363364068831856

0.23370672097759673

0.2700088549826306

0.3060045344840196

0.34393156875403486

0.39207553829862335

0.4316136772645471

0.469906129210381

0.5026093439363817

0.5497389791183295

0.5899788285109386

0.6316025067144136

0.6730481603350285

0.6943478260869566

0.7522522522522522

373.0

0.04080398269203927

0.07840085598949467

0.11629595064032767

0.15889713210054257

0.19381202568593112

0.2384272344701966

0.27978680340035084

0.3185366941780058

0.3550405004410939

0.38817848520075116

0.4217121090617482

0.47849158857400925

0.5144273547731029

0.5612036225533158

0.5767101268083586

0.6174467150076907

0.6594353640416047

0.7022696929238985

0.7408400357462019

374.0

0.04047898567738906

0.07923216296949219

0.11855938378265848

0.16072908036454017

0.20235032740879327

0.2442231584322737

0.2788514632799558

0.3161094224924012

0.3654880234642333

0.39102850504869985

0.4356079528424418

0.47117516629711753

0.5173788463934222

0.548871085214858

0.5952166876461068

0.6422365783025172

0.6685459940652819

0.6996834011759385

0.7237521514629949

375.0

0.03761622992392223

0.08273311271169943

0.12363980444724806

0.1633457290336904

0.20638372913237715

0.24168159713335038

0.2800951086956522

0.317078536334971

0.3600385325519788

0.41127665268980285

0.4386768954866992

0.48340134553876696

0.5222961939454842

0.5583778966131907

0.6040943789035392

0.6418219461697723

0.6749179838950193

0.74307083150022

0.7497865072587532

376.0

0.04226404520618316

0.07583869541726018

0.12472240871765738

0.158379780365322

0.20360135496523443

0.24159098026933917

0.2869198312236287

0.32310807770194255

0.36803364879074657

0.4098868058012027

0.4476594904206992

0.48954821308159135

0.5283593452607537

0.5618533513270355

0.6016964446850749

0.6399103139013453

0.6822008418520745

0.7219710669077758

0.7421328671328671

377.0

0.04173489917185234

0.0825865227509036

0.12516992575551605

0.1631663974151858

0.20390186225243867

0.24040467910211824

0.28341483292583536

0.3243800132460078

0.3685868950472651

0.4021108179419525

0.4530168150346192

0.4906811626358997

0.536086356219405

0.5608633093525179

0.6136282554405994

0.6639621365787695

0.6947094535993061

0.7388059701492538

0.7683664649956785

378.0

0.04225022249285681

0.08265078183172003

0.12418130782825658

0.16485598083458688

0.20623101209269076

0.2438426740387032

0.28548190321268807

0.330243938607548

0.36382874816864724

0.4080960854092527

0.45651095903996824

0.4895660814839351

0.5296286876907427

0.5847357543548863

0.6211484593837535

0.6455498550078073

0.6928104575163399

0.7375919117647058

0.7594501718213058

379.0

0.041523135648449866

0.08474324725437815

0.12918635170603673

0.16433624867695393

0.2081212333976947

0.24560733384262795

0.29032479571516856

0.3305791220951678

0.3722096408929149

0.4192521877486078

0.4463248547967154

0.4974699201619251

0.5339768830179094

0.576878612716763

0.6299622777079217

0.6700133868808568

0.7052446527981249

0.7479892761394102

0.8267020335985853

380.0

0.04193335843373494

0.08656731100290198

0.12803612206767698

0.16541061731131554

0.20475212672337928

0.25279142474318894

0.2957458412871557

0.33562154902253394

0.37085668534827865

0.42592427616926504

0.45863843261428855

0.5085220901547433

0.5438730158730158

0.5843436611285736

0.618132854578097

0.6645218548923896

0.7211819777647748

0.7522727272727273

0.798951048951049

381.0

0.039764771772612714

0.08495145631067962

0.12884905955296203

0.16468486573996538

0.21278380159348229

0.24734416997312172

0.2968760775118957

0.33660589060308554

0.3860303054857791

0.41988262493330963

0.47268361016609967

0.5093525179856115

0.5484958506224067

0.5910642719311267

0.636658264314008

0.6799910674408218

0.7178082191780822

0.7784041630529055

0.80550621669627

382.0

0.040014837483191915

0.08240258128567883

0.12449487099782405

0.17161642614364517

0.21785460573052332

0.25833706714459453

0.2949242734343021

0.34157639148300334

0.3774727492935002

0.42938446720952633

0.4723012060005883

0.51318391562294

0.5575849822425165

0.5995649021029732

0.6455054214760406

0.6901840490797546

0.7232461355529132

0.7526223776223776

0.8172413793103448

383.0

0.04353722409277965

0.08428346766266955

0.12711199455981587

0.17300275482093663

0.21466156421908633

0.25423621648963074

0.3036934760096652

0.34348054285071605

0.3809941753770047

0.44213229434162754

0.4725940400586224

0.5226141767112684

0.5515752032520326

0.618430847104362

0.6479327009128334

0.6914285714285714

0.7321744254566883

0.7728077945084145

0.8224799286351472

384.0

0.04691075514874142

0.08629266610845687

0.13417103691780466

0.17274132979898388

0.21340200082874564

0.26380786893384633

0.3002001794712501

0.3435205992509363

0.38593047034764827

0.4327390599675851

0.475726243229936

0.523475976797636

0.5657825630252101

0.6131582873340296

0.6567728008634647

0.6987924356345409

0.7387862796833773

0.7794826830337571

0.8282208588957055

385.0

0.044196825694086804

0.0870738287956831

0.1329837441006817

0.173473378401028

0.22062885689097855

0.26336359051941505

0.3034275570121535

0.3535137526731067

0.3973007506788053

0.44568690095846647

0.4886664704150721

0.516940623951694

0.575573112291154

0.6182029659784821

0.6544117647058824

0.7010684246419641

0.7465081723625557

0.7916479568926807

0.8218340611353712

386.0

0.04642302807958233

0.08830950378469302

0.1299823998343514

0.17762907349980958

0.2189075381056877

0.261958853969456

0.3129411764705882

0.3601867188676404

0.39355201800932627

0.44082071498969627

0.48585888657338494

0.5305330821234623

0.5726828044650696

0.6203374777975134

0.6664883181737115

0.7158147662734818

0.7556146572104019

0.7860008916629514

0.8415398388540735

387.0

0.04439208294062205

0.09010158512047897

0.13102504735845086

0.17881230465537096

0.2232796050675073

0.27262917354322713

0.3160158146632448

0.35635217359431126

0.40244603135516704

0.44294467631649054

0.48845108695652173

0.5401602078371942

0.5771659509977267

0.6373306134343582

0.6744186046511628

0.7172305624019718

0.7564102564102564

0.8189081225033289

0.8541666666666666

388.0

0.04258579854177309

0.08903532676014468

0.13388877096157928

0.1793603692713485

0.22478866531729969

0.27047824980920887

0.31232111217118713

0.3590574374079529

0.40678242439064155

0.4575984322109389

0.4839192968437874

0.5401745747538048

0.5760545905707196

0.6301613141926891

0.6767926527728718

0.718987908643081

0.772593896713615

0.8174921909861669

0.8242258652094717

389.0

0.04591171540324083

0.08826300391729063

0.13467183895994966

0.1840935287337395

0.23364322048763375

0.27210539650367366

0.3143941962166927

0.3624869849769448

0.41493708122242196

0.45793415781222785

0.5016155879761088

0.5442968492699528

0.5808398290168468

0.6326347305389222

0.6747879444143656

0.7398373983739838

0.7728231394998494

0.8277404921700223

0.8654019873532068

390.0

0.04594882235898385

0.0909405085164157

0.1362570967237877

0.1785302672740245

0.23245692481965063

0.2686141562638616

0.31936114293415996

0.3739124076917453

0.4084975269601881

0.46231375985977213

0.49921166732361055

0.550747621205256

0.5957045968349661

0.6393369838685807

0.6892155126615902

0.7262065854758682

0.7801749271137026

0.8166591217745586

0.8620988725065047

391.0

0.046690801076765986

0.09111538651275221

0.13908256880733946

0.1836902349526261

0.23705737992287015

0.27480133299154064

0.33031613077546607

0.37012062635798304

0.4121119016817594

0.4651643023882205

0.5113041761279494

0.5532854776366648

0.604359809571536

0.6433504775900073

0.6953973452852956

0.7350178890876565

0.7817966202193892

0.8297213622291022

0.8794014084507042

392.0

0.046431401799449906

0.09174910862250792

0.13799719960587045

0.19099318672796764

0.23888921505313215

0.2804731482067177

0.32714837136859215

0.3832979579887287

0.4217147435897436

0.4721268163804491

0.5065629557608167

0.5679964734405996

0.603269893983906

0.6480106888361045

0.690632194085355

0.7490238611713665

0.7882950134368468

0.8367614879649891

0.8990196078431373

393.0

0.04658105482632801

0.09673955486138228

0.14391027328734665

0.18929105925392162

0.23421849522478452

0.27518364739699774

0.33060747663551404

0.36905384213277576

0.42419626393008897

0.46849973304858517

0.510327107421682

0.5656800798137679

0.6105879358615424

0.6538633318445735

0.7071783937455579

0.7444246208742195

0.7954887218045112

0.8232497839239412

0.8887900355871886

394.0

0.04676663542642924

0.0957367611295846

0.13818581983964787

0.1850402504472272

0.238928084425209

0.28185035389282104

0.3304269600719673

0.366549088771311

0.42373156103096127

0.4700716845878136

0.5208977556109726

0.5720710591409939

0.6122062168309326

0.6670188679245282

0.7083333333333334

0.7607665805340224

0.8116028708133971

0.8509123275478415

0.8921739130434783

395.0

0.04989863619609289

0.09551225273103041

0.1431106471816284

0.1863218132854578

0.23462602247984465

0.2863242416517971

0.33223374175306314

0.3807773109243697

0.43230481152812833

0.47846332945285214

0.5179806362378977

0.5694273226493332

0.6201442490193597

0.6531409678388939

0.7282453637660485

0.7618517694190964

0.7975441749026655

0.8624502432551968

0.8964601769911504

396.0

0.04871181191046037

0.0974070787735384

0.14801519171739244

0.19894995531724755

0.23172841715888073

0.28411887185311374

0.34039031790910973

0.3843322043881608

0.44103925353925355

0.4763373578919538

0.5335299901671583

0.5799182591406163

0.613472436888202

0.6723832052040213

0.7131616595135909

0.7674008810572687

0.8168273444347064

0.8726640591047371

0.8895759717314488

397.0

0.0463010742599803

0.0991604153211784

0.1473695275135334

0.19783616692426584

0.24153271249777566

0.2914223808309967

0.3445321001088139

0.386968085106383

0.4395380987232658

0.4904979764209044

0.5366117000392618

0.5812445030782761

0.6320451919373475

0.675904317386231

0.7214012041598249

0.7741343728502637

0.8278068644560791

0.8710271764163979

0.9171548117154812

398.0

0.05032064784908487

0.10044444444444445

0.14451531946042037

0.194266272519382

0.24451038575667655

0.29055168040583385

0.3379861769887519

0.39423862202093696

0.43859789845191305

0.4879167401658141

0.5362838915470495

0.5916055962691539

0.6316186643189536

0.6825514281485866

0.7331895001797915

0.7766143106457243

0.8391524917934945

0.8842297174111212

0.9349220898258478

399.0

0.049221708035338665

0.09898035314598358

0.14470563975667594

0.19613413547237077

0.24364431831618777

0.2902801278435796

0.35146358066712047

0.389581642440788

0.44720194647201944

0.4835546840181834

0.5357921871901646

0.5967508623567375

0.6391146680005002

0.6876216135309086

0.7409209383145091

0.7843523997370151

0.8400846432889963

0.8958891867739053

0.9439579684763573

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

K(201-300)

0.011089883975583617

0.02275582181853319

0.03683299228710845

0.049060140014332176

0.05801581168638174

0.0783671412372433

0.08694167463461276

0.09914656771799629

0.10759341100843713

0.12368328651685394

0.13458482320222487

0.1511140525038606

0.15924050632911393

0.1698415006543551

0.18474758324382384

0.20504871567759078

0.21553453711665232

0.22424511545293072

0.2388451443569554

K(301-400)

0.03813182405975505

0.07622453132745038

0.10787264746956748

0.1470739954580386

0.18562850662980604

0.21191298660633628

0.2645219060325077

0.29043507472279173

0.33960853546358233

0.35987139750132946

0.40120736398793977

0.4456368098528769

0.4798741616713863

0.5177801128765535

0.5561733550706853

0.5793036840594243

0.624550106172344

0.6716440713209746

0.7051128241194019

K2/K1

3.438433093052114

3.3496716548101233

2.9286962793767617

2.9978307321396382

3.199619228517651

2.7041051040104356

3.0425214046566986

2.929350772372469

3.1564064405110397

2.909620269932679

2.9810743473288395

2.9490097212599866

3.01351818537675

3.048607736517173

3.010449962620977

2.8252002561688556

2.897679947387378

2.9951335616135344

2.9521756702141992

Pop(AB)

R(50%)

R(60%)

R(70%)

R(80%)

R(90%)

Speed

1 min

R

100.0

1.6666666666666667

193.33333333333334

200.0

3.3333333333333335

186.66666666666666

300.0

5.0

180.0

400.0

6.666666666666667

173.33333333333334

500.0

8.333333333333334

166.66666666666666

600.0

10.0

160.0

700.0

11.666666666666666

153.33333333333334

800.0

13.333333333333334

146.66666666666666

900.0

15.0

140.0

1000.0

16.666666666666668

133.33333333333331

1100.0

18.333333333333332

126.66666666666667

1200.0

20.0

120.0

1300.0

21.666666666666668

113.33333333333333

1400.0

23.333333333333332

106.66666666666667

1500.0

25.0

100.0

1600.0

26.666666666666668

93.33333333333333

1700.0

28.333333333333332

86.66666666666667

1800.0

30.0

80.0

1900.0

31.666666666666668

73.33333333333333

2000.0

33.333333333333336

66.66666666666666

2100.0

35.0

60.0

2200.0

36.666666666666664

53.33333333333334

2300.0

38.333333333333336

46.66666666666666

2400.0

40.0

40.0

2500.0

41.666666666666664

33.33333333333334

2600.0

43.333333333333336

26.666666666666657

2700.0

45.0

20.0

2800.0

46.666666666666664

13.333333333333343

2900.0

48.333333333333336

6.666666666666657

3000.0

50.0

0.0

G

R

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
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[Eq. B.7]
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