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ABSTRACT

The performance of the Control Point Policy (CPP) in multi-product, make-to-order semiconductor fabrication facilities with high demand rates is studied.  In particular, the performance of the CPP is studied in situations where particular parts have priority over others.  The CPP is explored in detail through computer simulation experiments.  The results obtained provide insights into the roles of hedging time parameters and consumer lead time in offsetting the poor service levels of low priority parts.

For the cases studied where the service level of one part type is much less than that of the other due to the static buffer priority scheme, attempts were made to use finite hedging times to increase the minimum service level of the system.  Such attempts were mildly successful.  It was found that hedging times as used in the readiness logic can lead to a very small improvement in the minimum service level.  After a good set of hedging times was identified, experiments were conducted to assess the increase in lead times necessary to attain an acceptable service level.  It was determined that an acceptable service level for low priority parts can be obtained with lead times approximately three times the lead time for high priority parts.
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Chapter 1

Introduction

Manufacturers are strongly motivated to implement a good production scheduling policy.  A good policy the potential for significant cost savings, as well as the ability to meet early due dates consistently.  In fast-paced make-to-order environments such as semiconductor fab, the latter is especially important.


This thesis studies the Control Point Policy (CPP) in multi-product, make-to-order semiconductor facilities (fabs) where one part type has priority over another.  Section 1.1 explains the background and objectives of the study.  Following is a literature review in Section 1.2 and a summary of the thesis in Section 1.3.

1.1 Background and Objectives

The CPP is a real-time production scheduling policy introduced by Gershwin[1].  Gzouli [2] showed, through extensive simulation experiments, that it performs very well in single part type systems.  In addition, he provides some important insights on the understand of some of its parameters.  In more simulation experiments, Yong [3] shows that in a two part-type-system, service levels are strongly characterized by the CPP’s discrete nature.  The service levels are highly dependent on which buffer is assigned the lowest priority.  Additionally, he develops even more insight into how the various parameters affect the system.  The analysis, however, is not complete.  The CPP is still in the early stages of development and it is not fully understood.  There is no set of guidelines for choosing policy parameters based on the layout of a manufacturing system.  The analysis is carried out through simulation experiments since numerical/analytical methods are not fully developed.


The introduction of multiple part types to the study exponentially increases the number of parameters with each part type and machine.  As such, incredible computing resources would be required to carry out an exhaustive analysis.  This study attempts to characterize the role of some of these parameters through methodical setup and planning of the simulations.


This study is an extension of the first attempt to study the performance of CPP in multiple-part-type systems.  In order to reach a deeper understanding and formulate methods for effective parameter generation, more comprehensive experiments need to be carried out.

1.1.1 Manufacturing Environments

Manufacturing environments have been undergoing many changes due both to changes in manufacturing processes and changes in consumer behavior.


A characteristic of semiconductor fab is re-entrant flow.  Parts re-visit many workstations in the facility several times.  This feature is relatively new and is not present in traditional assembly line manufacturing.  Additionally, workstations no longer consist of a single machine, but of several identical machines working in parallel.  As a result to these changes in the way factories are designed, many new scheduling policies have been developed.


Consumers in today’s market have shifted towards an increasing demand for make-to-order (MTO) products from make-to-stock (MTS).  In a pure MTS system, all parts are interchangeable.  Release of materials into the system is based on the production goal of replenishing the finished goods buffer.  Light bulbs are an example of a product of a MTS system.  On the other hand, in a pure MTO environment, release of materials is independent of what is happening in the facility.  It depends only on the customer orders, which have an associated lead time.  The customer lead time is the amount of time the customer is willing to wait before delivery.  In many cases, the lead time is set by the fab as an estimate of how long the order will actually take.  This environment is implemented for products with very specific customer requirements.  A good scheduling policy is required to meet the due dates consistently.

1.1.2 Scheduling Policies

There are two basic classifications of scheduling policies:  Those that respond to the state of the system and those that do not.  The system state is the result of all the events happening at any given time.  Scheduling policies that make decisions based on this state are called real-time scheduling policies.  

Scheduling policies based on demand forecasts and material requirement planning are not real-time, and are not applicable to a MTO environment.  The reason is that manufacturers must be able to determine feasible due dates based on the state of the system for every order.  Using these due dates, the manufacturer can then make scheduling decisions in order to meet as many due dates as possible.

1.2 Literature Review

Gershwin [1] explains the formulation of the CPP.  He also summarizes the observations on the implementation of the CPP at Boeing.  Gzouli [2] conducts extensive experiments on the CPP in single part systems.  Yong [3] continues Gzouli’s research by applying the CPP to multi-part systems, and studying the effects of various parameters.  Wein [4] offers a classic study of simulation experiments.  He determines that effective control of the release of materials into the system has the greatest effect on reducing mean throughout time.

1.3 Thesis Outline

Chapter 2 explains the CPP in detail.  It also contains a description of the toy fab, the simulation model used for the simulation experiments in this thesis.  It is a small scale representation of a semiconductor fab.

Chapter 3 begins with the methodological approach to this thesis.  It follows with the results obtained from the simulation experiments.


The thesis wraps up with concluding remarks and suggestions for further research in Chapter 4.

Chapter 2

Production Scheduling Policy and Experiments

Chapter 1 introduced the characteristics of make-to-stock (MTS) and make-to-order (MTO) environments.  The applicable scheduling policies are different for each environment.

This chapter presents the Control Point Policy (CPP), which can be implemented in an MTO environment.  In combination with the Earliest Due Date Policy, it is used in the simulation experiments performed for this thesis.

Section 2.1 introduces the CPP and the parameters used in its scheduling.  The performance measures used to evaluate the policy are discussed in section 2.2.  The toy fab model that is used for all the experiments of this thesis is described in section 2.3.  Finally, section 2.4 gives a short discussion of the statistical method used to analyze the results of the experiments and ensure their significance.
2.1 The Control Point Policy

The CPP is a real-time scheduling policy introduced by Gershwin [1].  The scheduling decisions are made based on the current state of the system, such as inventory levels, lead time remaining, and machine failure and repair.  This section contains a summary of the CPP scheduling logic, including definitions of terms, the scheduling algorithms, and the requirements for policy implementation.

2.1.1 Terminologies and Definitions

A control point is a resource where the CPP scheduling logic is applied.  Usually, a control point is a machine, but not all machines are control points.  All other resources can be referred to as non-control points.


The policy has three parameters: buffer priority, buffer size, and hedging time.  Each buffer at the control point is assigned a priority ranking.  The scheduling logic uses the priority scheme in the part-selection process.  The term buffer refers to the amount of inventory between consecutive control points.  Because the next control point is likely to be several workstations away, buffer size places a limit on maximum total inventory at all workstations between control points.


The hedging time parameter is used in the readiness condition of the scheduling logic.  Its primary purpose is to impede the flow of materials that are very early compared to their due dates, and thus freeing up resources to handle the delivery of other parts that may be more urgent.  The hedging time is closely related to the remaining cycle time, which is the amount of remaining manufacturing time until the completion of the part.


A part is considered available if it is present at the control point and if the immediate downstream buffer is not full.  It is ready if the sum of the hedging time and the current time is greater than the part’s due date.

A machine at a workstation is considered available if it is operational and idle.  Machines that are in use or undergoing repair or maintenance are not considered available.

2.1.2 Scheduling Algorithm

There are three versions of the CPP scheduling logic:  the time-based, token-based, and surplus-based.  The version presented here is time-based because it is more appropriate for a MTO environment.  For discussion of the other versions, refer to Gershwin [1].


As mentioned in the previous section, the scheduling logic is applied only at the control point.  A simple, sensible policy, such as EDD can be used at other resources.


The real time scheduling logic is listed below.


When a control point becomes available:

(a) Select the part with the earliest due date from the highest priority buffer.

(b) Determine if the part is available.  This step is the availability logic.

(c) If the part is available, determine if it is ready.  This step is the readiness logic.

(d) When a part from the highest priority buffer is available and ready, load into the available machine.

(e) Otherwise, repeat the first three steps for the next-highest priority buffer.

(f) If there are no locally available and ready parts, let the control point remain idle.  This time can be used for other important activities, such as preventative maintenance.

2.1.3 Policy Implementation

Implementation requires setting up the policy in advance and executing it.  The execution is discussed in the previous section.  The following actions are performed in the preparatory phase:

(a) Select the number of control points and their locations.

(b) Assign priority to all the buffers in front of each control point.

(c) Determine hedging times.

(d) Determine the buffer sizes between control points.

These decisions are made chronologically, even in the preparatory phase.  The hedging times and buffer sizes can only be established after the control points have been chosen.  Additionally, these parameter values will be affected by the buffer priority scheme.

The CPP provides an unambiguous way of selecting which part to load into the machines at any time.  It instructs the operators even when machine failures and other variability disrupt the schedule.  Furthermore, it does not require elaborate calculations.  Good performance may only require scheduling at the control points.  Because not all workstations need to be control points, the implementation cost may be significantly lower compared to other policies.

2.2 Performance Measures

In an MTO environment, it is crucial for the manufacturer to meet the expected delivery date in order to assure customer satisfaction.  This calls for a due date based performance measure.  The service level is defined as the percentage of finished parts that meet their due dates.


In a multi-product system where all the product types are considered equally important, the manufacturer would want to maximize the service level for all customers.  In this case, the minimum service level from all the product types is suitable.  In other cases, the manufacturer may be more interested in maximizing the service level of a particular type of customer that has higher priority than another.  Consequently, a policy that does well in one measure may not do as well in another.  Extent of lateness or earliness is not reflected in the service level.


Frequently there is a tradeoff between service levels and the amount of inventory in the system.  A policy that yields a higher service level will also be required to keep higher levels of inventory.  Consequently, it is prudent to define a performance measure that gauges the amount of work-in-progress inventory (WIP) in the system.  A policy that leads to higher service levels and lower WIP is favored.


Both service levels and WIP are used as performance measures for the simulations performed for this thesis.  The WIP is defined as all the materials in the system, excluding those at raw material buffers.  The reason raw materials are not included in the WIP is that their inventory levels are likely to be influenced by business decisions rather than scheduling rules. 

2.3 Simulation Model Description

The CPP is still in the early stages of development, and its behavior is still not fully understood.  As yet, there is no good set of guidelines for choosing policy parameters.  Simulating a real fab with hundreds of workstations and process routes for many different part types does not provide for many choices for the values of each parameter.  Even with a simple two-machine line with 10 buffers, five choices of buffer size for each buffer results in 510 simulation runs, not accounting for repetition to satisfy statistical significance.


Section 2.3.1 describes the simulation software and the computing resources used.  For the analysis of the CPP, a simulation of a simple wafer fab is developed, hereafter referred to as a toy fab.   Section 2.3.2 describes the assumptions made about it and the scheduling policy.  Section 2.3.3 contains a detailed description of the toy fab while the demand model is summarized in section 2.3.4.

2.3.1 Simulation Software and Computing Resources

The simulation software used was originally developed by Gzouli [2] as a multi-platform JAVA based program for single part, one failure mode, and single process flow systems.  It was then modified by Yong [3] to enable the analysis of multiple part types, process flows and machine failure modes.  It has three basic components: one representing the factory, one representing the scheduling policy, and a simulation manager.  

The factory module represents the physical state of the system, such as machine failure and repair, and whether each customer’s order due date has been reached.  These states are reported to the simulation manager.  The scheduling policy determines the appropriate response to the events.  The simulation manager relays the decisions back to the factory for implementation.

The program was designed to be able to accommodate different scheduling policies.   For this thesis, only the CPP was studied, but any other scheduling policy could be incorporated into the software.

The computing resources used were Cell2 (Pentium III 700 with 256 MB RAM), Toddroad (Pentium III 450 with 128 MB RAM), and Darkandlight (Dual Pentium III 733 with 768 MB RAM).

2.3.2 Model Assumptions and Limitations

Listed below are the assumptions made for the CPP and the toy fab model.

· The setup time incurred when different part types or different processing steps of the same part type are processed at each workstation is zero.

· Material is transported in units of one, so there are no batches.  Transportation time is zero.

· Machines may operate asynchronously.  Parts can be loaded whenever the scheduling policy permits.

· Machines can fail only while operating

· The raw material supply is assumed to be infinite.  There is no waiting for raw materials.

· The CPP operates under a block-before service (BBS) algorithm.  A part will only be loaded when there is space in the downstream buffer,

· Machine processing times are modeled using lognormal distributions.

· Machine failure and repair times are modeled as exponential variables.

There are several reasons for making these assumptions, the most important of which is that they simplify the analysis by reducing the number of variables to consider.  The BBS assumption serves to standardize the CPP scheduling policy with other scheduling policies, should further research be intended to compare it to other scheduling policies.  The analysis can concentrate on the factory uninfluenced by disruptive effects of upstream supply chains because of the infinite raw material supply assumption.

2.3.3 Toy Fab Formulation

The toy fab, originally designed by Gzouli [2]for a single part type, single process flow was then modified by Yong [3] to incorporate two different process flows for two part types.  It retains many of the characteristics of a semiconductor fab, including re-entrant process flow.  It consists of multi-server workstations made up of several identical machines working in parallel.  In this thesis, the term workstation refers to both single-server and multi-server stations.


Figure 2-1 shows a pictorial representation of the factory model and process flow.   Part type one visits each work station three times each and part type two visits each one twice.
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Figure 2-1: Toy Fab

The buffers upstream of each workstation are labeled Bsq, where the subscript s represents the upcoming process step while q denotes the part type.  The raw materials and final goods buffers are labeled as B0q and Bfq respectively.  Each buffer is distinct in its part type and process step.  Due to the re-entrant process flows, there are many more buffers than there are workstations.  The hedging times associated with each buffer are labeled as Hsq, where the subscripts have the same definitions as the buffer subscripts.


Workstation 1 (WS 1), which represents cleaning operations has one machine whose mean processing time is 1 with a very small coefficient of variation (0.02).  Workstation 2 (WS 2), which represents all the operations a part receives before returning to WS 1, has eight identical machines, each with mean processing time of 10 and a coefficient of variance of 0.7, modeling the aggregate variability of all the operations a part goes through downstream of WS 1.  The machine at WS 1 can fail while those at WS 2 do not.  The failure and repair times are included in the processing time variance.


The processing time, which is the same for both parts at every processing step, follows a lognormal distribution.  The total inventory in the system used for the performance measures includes all parts in the fab except the raw material buffers.


The failure, repair, and processing times, and the number of visits to each workstation are chosen such that the line is roughly balanced.  The capacities of both workstations are approximately the same.  Consequently, there are no bottlenecks affecting the selection of the control point.

2.3.4 Demand Model

Many interesting phenomena arise in a MTO environment where customer arrivals and order due dates are uncertain.  Orders that arrive later may have earlier due dates than orders that have already arrived.  The priority of the orders in the system may have to be re-sequenced to accommodate these new orders.  The importance of orders may change over time.  Due to business issues, some part types may become much more important.  Even if different orders are equally important, one particular order may suddenly become very urgent due to customer pressure.


The demand model used by Gzouli [2] and Yong [3] is used in this analysis to model the arrival process as well as the due date, which is defined as the sum of arrival time and the customer lead time, as defined in section 1.1.1.  Because the performance of low demand rate cases did not distinguish among scheduling policies, high demand rate is used in the toy fab.  The average customer lead time is set at 10 times the total in-machine processing time for part type one, but can be much longer for part type two.  Both of these random variables are modeled as normal distributions with coefficients of variation of 0.5 each.


Some important parameters of the demand model are listed in Table I.  The utilizations for each workstation are 94.6% for WS one and 93.3% for WS2.  Wein (1988) describes the computation of utilization.  Utilization is the percentage of time that a workstation is operating on a part.

	Demand Model parameters
	Part Type 1
	Part Type 2

	Average Takt time, t
	6.4
	7.2

	Standard Deviation of order arrival interval, σt
	3.2
	3.6

	Average customer lead time, ℓ
	330
	220 or higher

	Standard Deviation of lead time, σℓ
	165
	110 or higher


Table I:  Demand Model Parameters

 The lead time for part type one is set to a smaller value because part type one is defined to be of higher priority than part type two.  It is in the company’s best interest to ensure a shorter lead time for part type one, although it is more metal layers than part type two.  Additionally, part type one has a higher demand rate in order to represent an increasing demand for more complex parts in the semiconductor industry.

The simulations are run for a total of 300,000 time units with statistics collected over the last 150,000 time units.  This setup is sufficient to ensure that all possible events will occur a large number of times, thereby approximating the steady state behavior of the system

2.4 Statistical Analysis

The simulation output has a random nature.  As such, independent replications of the simulation are needed to obtain statistically significant estimates of the results.  The procedure utilized is to make enough replications until the half-length of the 95% confidence interval divided by the output of interest is less than 3%.


Both service levels and WIP are the outputs of interest.  When the service level of one part type is much higher than that of the other, the relative error of the lower service level may not satisfy the statistical requirement when that of the higher one does.  The guideline used in this thesis is to achieve the relative 3% relative error requirement for the lower service level.  Even though the higher service level part has higher priority, it is important to guarantee a reliable lead time for the customers, even for the low priority part.  On average, we required at least 20 replications of each run.  For good measure, each simulation was replicated 50 times to ensure statistical significance.

Chapter 3

Solution Technique

The CPP and its scheduling algorithm have been discussed in chapter 2.  One must understand each of the CPP parameters in order to compare it with other scheduling policies.  With more complicated manufacturing systems, many sets of CPP parameters are needed for each part type, workstation, and re-entrant flow.  Their interactions then become more difficult to understand and analyze.


As demonstrated by Yong [3], the buffer priority scheme alone causes clustering of service levels.  When the priority scheme is fixed at either WS 1 or WS 2, the service levels will fall into one of two clusters based on the designation of the lowest buffer priority at the other WS.  The order of the rest of the buffer priorities at that workstation has very little influence on the service levels.  In most of these clusters, the service level of one part type greatly exceeds that of the other.  This is acceptable if one part type has a higher priority than the other.  

This phenomenon is not a surprise under the constraint of finite capacity.  Often much more capacity is needed to improve the service level when it is already very close to 100% than when it is much lower.  Thus, a slight decrease in the service level of the more important part type could result in a larger increase in that of the other.

This chapter investigates several things.  It seeks to identify a priority scheme that has the potential for high service levels for both parts.  It intends to identify a set of finite hedging times that can improve the service level of the less important part type over that using infinite hedging times.  Lastly, it uses these hedging times in combination with an increased customer lead time for the less important part type to increase the service levels of both parts to acceptable levels.  These experimental procedures are discussed in Section 3.3.  Preceding these experiments is an intuitive discussion of the CPP in Section 3.1 and a review of the readiness logic in Section 3.2.  Following all these are the results and a summary in Sections 3.4 and 3.5 respectively.

3.1 Intuitive Discussion

In the CPP, part selection begins from the highest priority buffer.  The availability and readiness criteria determine if a part from that buffer should be loaded for the next operation.  If no part from that buffer can be loaded, the scheduler then checks the next highest priority buffer.  This sequence is repeated until either a part is loaded or all buffers are checked.  If no parts are available and ready, then the logic keeps checking until one is.


The multiple-part type transfer flow with re-entrant flow requires the assignment of buffer priority depending on the relative importance of each part type.  The buffer priorities need to be carefully assigned in order to obtain desirable performance measures.  Once the buffer priority scheme is selected, the hedging time and buffer size may be used to help offset the detrimental effects of lowest priority assignment.

3.2 The Readiness Logic
In the CPP scheduling logic, availability and readiness criteria are applied at the control points.  When a part from the highest priority buffer has satisfied both these criteria, then it will be operated on.  Consequently, a full analysis of the scheduling logic must include both criteria.


On the other hand, it will be difficult to understand the role that the readiness logic plays when both it and availability are specified by the scheduling logic.  Furthermore, the complexity of the toy fab does not provide for many choices about appropriate buffer sizes and hedging times that will lead to good performance.  Because of these reasons, the CPP scheduling logic is limited to the readiness condition.


The hedging time parameter is applied only in the readiness condition.  Only when the sum of the hedging time and the current time is greater than the due date will the part be considered ready.  If a buffer hedging time is infinitel, all parts in that buffer are always ready.  Conversely, if a buffer hedging time is very low, then parts will probably have to wait a while before they are processed.  The buffer priority scheme and the performance measure of interest strongly influence what the values of the hedging times should be.


The hedging times and buffer sizes serve only to cause parts to wait longer than they otherwise would.  They can free up resources used by parts that are early enough, but they cannot raise the priority of low priority parts.  The readiness condition has the ability to prevent overflow of materials downstream, reduce overall inventory, and free up resources in case more urgent materials arrive.  Overly conservative control, however, wastes resources and lowers service levels.

3.3 Experimental Procedure
This section details the experimental procedures conducted for this thesis.  It begins with a justification for the choice of control point in Section 3.3.1.  Following that is a discussion on the formulation on the initial cases used in the simulations in Section 3.3.2.   Section 3.3.3 details the determination of a set of hedging times used to attempt to increase the service levels.  Section 3.3.4 combines the use of finite hedging times and large values of lead time for the less important part type in order to achieve acceptable service levels.

3.3.1 The Control Point Location

It is essential to determine how many control points are needed and where to apply them since the readiness criterion is only applied at the control point.  Such decisions are easy to make with only two workstations in the model.


In general, it is desirable to minimize the number of control points in the system.  This in turn minimizes the amount of data that needs to be collected and analyzed as well as the effort required to implement the policy.  Gzouli [2] showed that for a single part type re-entrant system, performance with one control point can be as good as with two.  Gzouli also determined that a control point at the entrance into the toy fab results in higher service levels and lower inventory than with the control point at WS 2.  Despite all this, both workstations are chosen as control points in this simulation.  The reason is that we wish to fine tune the hedging times to maximize system performance, and using two control points gives a higher degree of control than with just one.  In a more complicated simulation with more workstations, one would not want to use all the workstations as control points.

3.3.2 Formulation of Experimental Cases

Because part type one is more important than part type two, the purpose of the first experiment is to identify a set of buffer priorities that yields a high service level for part type one.  The service level of part type two is very low, but experiments later in this chapter will serve to find ways to bring it up without damaging the part 1 service level. 


In order to reduce the total number of simulations required, six different priority schemes are used.  Several guidelines are used to determine which ones are chosen.   A priority scheme corresponding to each of the service level clusters identified by Yong is used.  Also, the schemes selected from the different clusters differ only in the selection of the two lowest priority buffers.  The buffer priority schemes used in the experiments are Listed in Table I.

These cases are divided into two groups:  Cases 1, 2, and 3 form the first group and Cases 4, 5, and 6 form the second.  Members within groups differ only in the assignment of the two lowest buffer priorities.


The six cases were simulated using a range of lead time multiples from 10 to 15 for both part types.  The outputs are used to identify the case that has the highest part type one service level. 

	Buffer Priority Scheme No.
	Workstation (WS) No.
	Buffer Priority, in decreasing order of importance

	
	
	0
	1
	2
	3
	4

	Case 1
	WS 1
	B41
	B22
	B21
	B02
	B01

	
	WS 2
	B51
	B32
	B31
	B11
	B12

	Case 2
	WS 1
	B41
	B22
	B21
	B02
	B01

	
	WS 2
	B51
	B32
	B31
	B12
	B11

	Case 3
	WS 1
	B41
	B22
	B21
	B01
	B02

	
	WS 2
	B51
	B32
	B31
	B11
	B12

	 

	Case 4
	WS 1
	B22
	B41
	B21
	B01
	B02

	
	WS 2
	B12
	B11
	B31
	B32
	B51

	Case 5
	WS 1
	B22
	B41
	B21
	B01
	B02

	
	WS 2
	B12
	B11
	B31
	B51
	B32

	Case 6
	WS 1
	B22
	B41
	B21
	B02
	B01

	
	WS 2
	B12
	B11
	B31
	B32
	B51


Table I:  Buffer Priority Schemes

3.3.3 The Hedging Time Parameter
The buffer priority scheme used is first analyzed using lead time multiple of 10 for both parts, starting with infinite hedging times.  This simulation is chosen to output a service level that is very high for part type one and relatively low for part type two.  It is very imprudent to take a range of random guess at the hedging times.  In the toy fab with 10 buffers in front of a control point, 10 guess of hedging times for each buffer leads to 1010 = 10 billion simulation runs in one replication.

As a result, a set of guidelines for searching for good hedging times are proposed and listed below.  Explanations for each guideline follow.

(a) The hedging times are only varied for part type one.  Those for part type two are held at infinity.

(b) The hedging times are varied one buffer at a time, starting with the finished good buffer and working upstream according to the process flow.

(c) When the downstream hedging times are varied, the upstream values are held at infinity.

(d) The measures that are used to determine good hedging times are the service levels for both part types.

The hedging times for part 2 remain infinite because hedging times only serve to impede the progress of early parts.  Part 2 will already have a very small service level, and the hedging times for the part type one buffers will be used to impede the early parts of the more important type while freeing up the resources for machining the less important parts.

The reasoning behind the second and third guidelines comes from the intuition that since the flow rate of the WIP upstream has not encountered the downstream processes yet, it hasn’t been affected by the associated readiness logic.  This is not entirely true due to the re-entry within the system and prioritizing of buffers.  By varying a buffer, everything upstream will experience a change in remaining cycle time while everything downstream will not.  The upstream buffers could nullify the downstream buffers by forcing them to wait a long time upstream such that by the time the parts make it through the system, they are late.

The fourth guideline is needed because of the many performance measures in a multi-product system.  It is important to keep part type one service levels as high as possible because it is the most important part type.  It is also important to improve the service level for part type two, but not too much at the expense of part 1.

About eight choices are made for the hedging time of each buffer at each stage in the experiment.  The best performing choice is kept for the proceeding buffer until a hedging time for each part type one buffer is identified.

3.3.4 The Lead Time Multiples and Hedging Time Parameters
A set of hedging times is identified based on the guidelines described above.  Because a goal of these experiments is to specify the parameters that lead to high performance for all service levels, it is necessary to simulate the system using a range of lead time multiples.  The lead time multiple for part type one remains at 10 because of its importance.  The lead time multiple for part type two, however, may be much higher.  The buffer priority scheme dictates that part 1 is more important, and as such, it is acceptable for type two parts to remain in the system much longer.  This section attempts to identify what lead time multiple for part type will lead to acceptable service levels.


Additionally, the experiment calls for more than one set of hedging times, so several sets are used.  Multiplying every hedging time in the scheme identified according to the methods outlined in Section 3.3.3 by the same constant generates a new set of hedging times.  Six additional sets of hedging times are created in this manner.


The hedging times are multiplied by a constant rather than added to a constant because by adding a constant to each hedging time, the flow rates through the system will not change very much.  The differences between consecutive buffers in the process flow will remain the same, so the only buffer that will see significant changes is the first.  By multiplying, the flow rates between the buffers will change, providing different situations to analyze.

3.4 Results

The simulation results are presented in the following tables and figures.  Table II presents the service levels and WIP for all the cases using infinite hedging times and a lead time multiple of 10 for both part types.  Figure 3-1 shows the service levels plotted against each other for the six cases using lead time multiples ranging from 10 to 15.

	Buffer Priority Scheme No.
	p1 service level
	p1 WIP
	p2 service level
	p2 WIP
	min service level
	total WIP

	
	
	
	
	
	
	

	Case 1
	0.821
	39.1
	0.540
	37.8
	0.540
	76.9

	
	
	
	
	
	
	

	Case 2
	0.548
	44.9
	0.900
	27.5
	0.548
	72.4

	
	
	
	
	
	
	

	Case 3
	0.938
	48.7
	0.338
	34.1
	0.338
	82.8

	
	
	
	
	
	
	

	Case 4
	0.707
	58.0
	0.646
	19.4
	0.646
	77.5

	
	
	
	
	
	
	

	Case 5
	0.947
	49.9
	0.344
	37.5
	0.344
	87.5

	
	
	
	
	
	
	

	Case 6
	0.560
	51.4
	0.946
	29.4
	0.583
	80.8

	
	
	
	
	
	
	


Table II: Performance measures with infinite hedging times


In Figure 3-1, the points closer to the upper right corner of the graph correspond to higher lead time multiples.

Two things can be inferred from these results.  First, Case 5 seems to be the best one on which to focus the rest of the research.  It has the highest part type one service level and a low part type two service level.  Incidentally, it also has a high WIP.  Second, for parts that have a relatively low service level with a lead time multiple of 10, the increase in service level as the lead time multiple increases to 15 isn’t that much.  It seems that in order to obtain high service levels, the lead time multiple for part type two may have to be increased much higher than 15.
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Figure 3-1: Service levels for cases 1 through 6

Table III shows the set of hedging times identified according the methods described in Section 3.3.3 as well as the additional sets identified according to the method described in Section 3.3.4.  Figure 3-2 shows the part 2 service levels versus the part type two lead time multiple for all the cases in Table III and case 5 from Table I.

	Case
	H01
	H11
	H21
	H31
	H41
	H51

	5a
	136
	124
	100
	84
	64
	40

	5b*
	170
	155
	125
	105
	80
	50

	5c
	204
	186
	150
	126
	96
	60

	5d
	238
	217
	175
	147
	112
	70

	5e
	272
	248
	200
	168
	128
	80

	5f
	306
	279
	225
	189
	144
	90

	5g
	340
	310
	250
	210
	160
	100


*Case 5b is the case identified according to the methods described in Section 3.3.3.

Table III.  Hedging Times for Part Type One Buffers in the Case 5 Priority Scheme
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Figure 3-2: Part Type Two Service Level versus Part Type Two lead time multiple for different sets of hedging times.


It is clear from Figure 3-2 that the part 2 service level is not very dependent on the hedging time.  A small increase in performance can be achieved, but nearly all the improvement results from the increase in the lead time multiple.  As noted by Yong [3], the use of finite hedging times does indeed lower the WIP in the system.


Table IV shows the part Type One service level for each of the cases.  It is independent of the part type two lead time multiple, so there is only one relevant data point for each set of hedging times.

	Case
	P1 service level

	5a
	0.762

	5b
	0.848

	5c
	0.892

	5d
	0.914

	5e
	0.927

	5f
	0.934



	5g
	0.940

	5**
	0.947


**This datum is included from Table II for ease of comparison.

Table IV:  Part Type One Service Level versus Hedging Time Parameters


The schemes with the higher hedging times result in higher service levels for part type 1.  In fact, nearly the same level of service as with infinite hedging times can be reached while still maintaining a higher part type two service level.

3.5 Summary

This chapter explores the effectiveness of the hedging time parameter as applied to the more important part type under a determined static buffer priority scheme in order to improve the service levels of a two part type system.  In these simulation experiments, the best hedging times are able to slightly increase the minimum service level without offsetting the higher service level very much at all.  In order to raise the minimum service level, the lead time multiple for the poor performing part must be raised to at least 30, which is much higher than for the high priority part type.  The failure of the readiness logic significantly improve system performance is indicative of the limitations of a static priority scheme.

Chapter 4

Conclusions

This thesis studies the performance of the CPP in multi-product, make-to-order semiconductor fabrication facilities.  Some of its parameters are studied in detail through simulation experiments.  The results obtained provide insights into the roles of some parameters of the CPP in improving system performance when one part is more important than another.


The results are summarized in Section 4.1 with a discussion of the effects of the CPP parameters.  The chapter concludes with a list of possible future research topics in this area.

4.1 The CPP Parameters

The simulations of the six initial test cases use different priority schemes and a range of average customer lead times.  In cases where one part type has a much higher service level due to the priority scheme, the performance of the less important part type is improved only a small amount due to a 50% increase in customer lead time.  A much longer lead time is needed for parts whose service levels suffer due to low priority.


Hedging times were used to attempt to offset the poor performance caused by low buffer priority.  The results show that hedging times can do very little to actually improve the service level, although they do help control the material flows and reduce total work in progress.  The main reason that finite hedging times cannot improve service levels very much is because the readiness logic can do absolutely nothing to control the flow of late parts.


Finally, the results show that the lead time for low priority parts may need to be as high, or ever higher than, 30 times the total cycle time of the part.  Although this is not a desirable figure, it provides for the high priority part to exhibit a very high service level even at a short lead time, 10 times the total cycle.


Further study is required to gain a better understanding of the CPP and its parameters.  Once good guidelines have been established for choosing values for all of the parameters that lead to good performance, the performance of CPP can be gauged on more complicated systems.

4.2 Recommendations for Further Research

The research on the CPP can be extended in several directions.  Some of these include:

· Developing guidelines to select hedging times when minimum service level is used as the performance measure.

· Exploring the performance of the CPP using dynamic buffer priority schemes.

· Comparing the performance of the CPP with other scheduling policies.
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		5		10_10		170		155		125		105		80		50				22.683757505		29.8748420825		2.8160471718		2.0652782362		0.3976240655		24.4450979809		4.9014679894		2.2628513031		1.2855235966		0.1854363437		3.4729154939		6.3024128072		90.9179262747		100.6932545758				0.155474		1.120388179		52.4016015926		23321.1		3515.26		311.63386988		118.2418270981		99.9748118166		80.6124684435		56.0580858702		41.5223951822		0.8492697918		0.8492590682		22.5267595101				0.1382024		26.9747150143		57.406106591		20730.36		12804.48		367.5167238127		202.3168745902		190.9769425637		186.8535662249		0.382343477		0.3821888761		34.722349086				0.3821888761		57.2491085961

		5		10_11		170		155		125		105		80		50				22.2746378643		29.9146036006		2.812914355		2.0621846398		0.3924506086		24.9740917322		4.9124981396		2.2689779307		1.2892879163		0.1853419033		3.4671200375		7.593453698		91.0869886903		102.1475624258				0.1555621333		1.1316023391		52.4529411351		23334.32		3537.54		311.8263963279		118.2797431126		99.9886864658		80.6607653437		56.0735453046		41.5733874614		0.848405418		0.8484208878		22.5383375345				0.1382869333		25.3585515766		58.8315644465		20743.04		12199.56		368.280708131		206.0420812827		194.7028840972		190.6217527434		0.4119025566		0.4119425439		36.5569265822				0.4119425439		59.0952641167

		5		10_12		170		155		125		105		80		50				22.7158767819		29.9561377262		2.8085605882		2.0650586118		0.3957928455		25.3080031289		4.9318886652		2.2674324803		1.2858856434		0.1859314025		3.4609626946		8.8178905674		91.920567874		104.1994211361				0.1556965333		1.1254614615		52.5068183234		23354.48		3560.96		311.9547925776		118.296541433		100.0362430696		80.7526193751		56.1888767463		41.6793380627		0.847528942		0.8475588627		22.5506805973				0.1382006667		24.3451403441		60.8533954463		20730.1		11615.56		373.943222147		208.5182463409		197.170890095		193.0610226006		0.4396781965		0.4394691098		38.1375186644				0.4394691098		60.6881992617

		5		10_13		170		155		125		105		80		50				23.2539274517		29.9155182874		2.8187254522		2.0673933541		0.3974247128		25.5332853166		4.907214389		2.2622102773		1.2860167047		0.186102204		3.4623362805		10.3492927381		92.6278181499		106.4394471686				0.1556422667		1.1177790241		52.4494811409		23346.34		3525.7		311.6913883484		118.213809795		99.9530381723		80.5929032587		56.0587468305		41.5269782336		0.8489912748		0.8490335025		22.5339628534				0.1383172		23.5938324439		63.1721644691		20747.58		11022.3		379.3720677939		209.9186735568		198.5786716976		194.4565375054		0.4687318306		0.4687120925		39.9182370173				0.4687120925		62.4521998708

		5		10_14		170		155		125		105		80		50				22.975542023		29.9533798836		2.8160948222		2.0660644085		0.3939211672		24.647017772		4.9119456561		2.2641257319		1.2859144779		0.1856803049		3.459774766		11.8551717576		91.4996862471		106.8146327708				0.1556233333		1.1046392381		52.4857801231		23343.5		3552.82		311.9534173381		118.2382202345		99.9775367964		80.6363019582		56.0873222636		41.5626260252		0.8478100647		0.8477719426		22.5324002396				0.1382868		20.9489941403		63.5251072936		20743.02		10512.3		371.1052313067		203.6464911844		192.3044521038		188.2101502916		0.493233578		0.4932455053		40.5495652706				0.4932455053		63.0819655101

		5		10_15		170		155		125		105		80		50				20.9789517681		29.8670881056		2.8163501785		2.0638961028		0.3900176673		24.8584271649		4.9022618089		2.2647301908		1.2874219738		0.1856497321		3.4693227478		13.8062797223		89.6147946928		106.8903971629				0.1555153333		1.1138430745		52.3967654047		23327.3		3496.92		311.5281881029		118.2381254064		99.9625257518		80.6044871374		56.0399223208		41.5236098881		0.8501028635		0.8500859942		22.5296772991				0.1384282667		18.0764442355		63.7164608831		20764.24		9670		357.9458001537		205.2368152593		193.8956080791		189.8329840695		0.5343410957		0.5346398545		42.737509115				0.5346398545		65.2671864142

		5		10_20		170		155		125		105		80		50				23.1905703243		29.9263245807		2.8108405704		2.0644511206		0.397964877		24.8851773425		4.9312975995		2.2640061219		1.2872059103		0.1856819221		3.4592504986		23.0979822851		91.9435203694		118.5007531531				0.155572		1.1337468247		52.4712003528		23335.8		3536.8		311.9843160768		118.3662296402		100.0868697197		80.7718064171		56.2169737633		41.6973237158		0.8484520403		0.8484133443		22.5448757721				0.1383085333		14.4457468807		75.3200306734		20746.28		7380		374.0974707586		205.4411901711		194.0970660752		189.9725891807		0.6443017527		0.6442033504		52.129460349				0.6442033504		74.6743361211

		5		10_22.5		170		155		125		105		80		50				21.8457163448		29.9666350266		2.8107028879		2.0610200892		0.3947767506		24.7720998245		4.9223532995		2.2663592496		1.2882158219		0.1860511958		3.4534499478		28.559186412		90.5139304904		122.5265668502				0.1556212		1.1225871277		52.4965962661		23343.18		3575.48		312.0836346424		118.2648922984		99.9841034154		80.679330291		56.1186107089		41.6291366256		0.8468305145		0.8468269953		22.5299612395				0.1383516		10.8396158745		79.3586734829		20752.74		6225.08		363.7209375651		204.4815865969		193.1355927201		189.0402863021		0.7001539005		0.7002955352		57.5129571381				0.7002955352		80.0429183776

		5		10_25		170		155		125		105		80		50				23.1946439287		29.9611823625		2.814915154		2.0625089717		0.396559517		25.555812895		4.9388781139		2.2645165747		1.2850092287		0.1864378227		3.4426511116		33.277894345		92.6604645689		129.3810100255				0.1555685333		1.148609554		52.4958375963		23335.28		3612.9		312.2447976278		118.4101876898		100.1497135653		80.8039923788		56.2518749731		41.7469941238		0.8451738277		0.8451980071		22.5346552338				0.138308		10.1017903636		86.227455706		20746.2		5696.8		379.2504781391		210.2393155169		198.8888954458		194.7793243824		0.725414779		0.7256033043		63.0328117773				0.7252800591		85.5674670111

		5		10_27.5		170		155		125		105		80		50				23.5576435878		29.9216548209		2.8146649971		2.0635218805		0.3945853887		24.4022309609		4.9165436968		2.2645243166		1.2873156529		0.1868332266		3.4619577952		39.20839454		91.8095185287		134.4798708639				0.1556608		1.1213231134		52.4625758967		23349.12		3527.58		311.6992887592		118.2429954062		99.9689983533		80.6362785945		56.0891130725		41.5829470103		0.8489244857		0.8488872919		22.5409210758				0.1382946667		7.7153751491		91.3940624413		20744.2		4703.3		373.5971177111		201.8998001918		190.5519734546		186.4537741236		0.7733398952		0.7733772109		67.8364188535				0.7728565753		90.3773399293

		5		10_30		170		155		125		105		80		50				26.6982626614		29.999028383		2.8199974892		2.063865336		0.4037817125		25.3787269708		4.9288953095		2.2624800606		1.2831396438		0.1874799651		3.4314357776		43.1050446997		96.0256575319		142.5621380092				0.155584		1.1513270926		52.5163041563		23337.6		3630.86		312.4193657347		118.3547989912		100.1075911677		80.736319677		56.1915529444		41.6786507509		0.844424047		0.8444239299		22.5172757733				0.138322		8.0648653533		99.4297874655		20748.3		4397.14		403.1188712666		208.7886693176		197.4310406531		193.2608074021		0.7881074822		0.7880187786		72.7315248041				0.7862165934		95.2488005774

		5		10_10		204		186		150		126		96		60				21.4650062204		25.6437313415		3.4335610136		2.6914218599		0.3894514345		23.6313329088		5.5635111355		2.6364565187		1.4827312489		0.1844005253		4.9520250693		6.4288663016		87.1216042072		98.5024955781				0.1556128		0.8598514179		52.1537128047		23341.92		2448.14		300.1057407567		134.0622618286		114.5390392611		91.2323453294		64.2903096157		45.7514737497		0.8951228224		0.8951087583		26.5099814632				0.1382614667		25.0629715201		55.4929730919		20739.22		12664.82		352.6781844371		196.4402574303		185.1057280511		181.0504718879		0.3893966049		0.3893966013		34.0279668715				0.3893966013		60.5379483346

		5		10_11		204		186		150		126		96		60				21.9779530125		25.7688218196		3.4337440375		2.6898332344		0.3942381819		24.4139160836		5.5829534611		2.6301220304		1.4703665484		0.1855875894		4.9276869847		7.3659954632		88.5475359988		100.8412184467				0.155652		0.8869574017		52.2578791146		23347.8		2481.68		300.8720698712		134.0586654186		114.611413361		91.2963611381		64.4002417087		45.868744337		0.8937122425		0.8937047343		26.489057295				0.1383325333		24.2391960733		57.7486167144		20749.88		12290.12		361.9428088703		201.9305988685		190.5886701979		186.4968872109		0.4077438603		0.4076671222		35.7706637019				0.4076671222		62.2597209968

		5		10_12		204		186		150		126		96		60				22.8549047714		25.8176042152		3.4316013435		2.6877473102		0.3937453459		24.9792113126		5.5817390762		2.6304165832		1.475011381		0.185267279		4.9110323797		8.8936295198		90.0372486183		103.8419105177				0.1556248		0.9081317343		52.2870068804		23343.72		2559.46		301.1952336299		134.0742449491		114.5956809797		91.2944887532		64.3875831596		45.8670713026		0.8903600296		0.8903622211		26.4694026653				0.1382001333		24.2912090678		60.7353069934		20730.02		11559.48		372.7082416256		206.0791620178		194.7387850982		190.6460926816		0.442431989		0.4424454909		37.8804022219				0.4424454909		64.3498048872

		5		10_13		204		186		150		126		96		60				23.1520066299		25.7987648971		3.4341046908		2.6897094517		0.3975788839		25.0808067048		5.5813967462		2.6261625721		1.4714711787		0.1860017963		4.9027601653		10.0516940598		90.4180035516		105.3724577767				0.1555648		0.8906559429		52.2574909207		23334.72		2535.84		301.1879937767		134.0912388694		114.6278869211		91.299929627		64.415496723		45.8750361984		0.8913262086		0.8913515682		26.4587260235				0.1384089333		22.8386352658		62.3150785597		20761.34		11199.02		375.5801883221		206.7462315834		195.397885239		191.2839429412		0.4606858195		0.4610087176		39.1630719298				0.4610087176		65.6217979534

		5		10_14		204		186		150		126		96		60				23.87179952		25.770500228		3.4359854583		2.6839127278		0.3887368276		25.3637348023		5.5738054513		2.6361518976		1.4781464422		0.1852492923		4.9284023758		12.0824911538		91.3880226474		108.398916177				0.1555949333		0.8966433422		52.2610909558		23339.24		2496.66		300.9897025781		134.105928622		114.6038658011		91.2660377171		64.3183122893		45.8256245919		0.8930315712		0.8930271357		26.4905907278				0.1382226667		22.7634201093		65.3617284827		20733.4		10258.88		382.5651823448		208.7473817545		197.4070436261		193.3527309967		0.5052481325		0.5049661272		41.4899289628				0.5049661272		67.9805196906

		5		10_15		204		186		150		126		96		60				23.8846497814		25.8469524746		3.4370606611		2.6907313566		0.4008503881		25.4866529679		5.6007852664		2.624785294		1.4677227976		0.1857614564		4.8973748257		13.3759040723		91.625952444		109.899231342				0.1556578667		0.9182521471		52.3193955411		23348.68		2587.9		301.4526166004		134.1395379245		114.7136600328		91.3794363961		64.5157833687		45.9785204612		0.8891661921		0.8892013827		26.4724430664				0.1383185333		21.1644831975		66.8169620422		20747.78		9957.3		383.5666902812		209.7422625548		198.3965686888		194.2544456337		0.5201581353		0.5201988784		42.9323122608				0.5201988784		69.4047553272

		5		10_20		204		186		150		126		96		60				22.9745876867		25.8018649432		3.4375876156		2.693632701		0.3981851314		25.3382477514		5.576026645		2.6243700633		1.4720474965		0.1862169819		4.9112360432		22.8058493037		90.5027670162		118.2198523631				0.1556318667		0.9135914312		52.2708841714		23344.78		2540.32		301.0843709608		134.0448903121		114.5845083576		91.2461154586		64.3820004316		45.8290099472		0.891198117		0.8912301798		26.4690192282				0.1383669333		14.3477752185		75.2640445893		20755.04		7450.36		375.7774454393		208.5132253282		197.1688007107		193.0465703373		0.6410329616		0.6409129898		52.2894569026				0.6409129898		78.7584761307

		5		10_22.5		204		186		150		126		96		60				23.5629207075		25.791442785		3.4329902587		2.6887483913		0.4009339883		24.7509888185		5.5595729628		2.6218691295		1.4678776398		0.1854382114		4.913080739		28.4306742948		90.4627828929		123.8065379267				0.1554886667		0.9009822281		52.2225371856		23323.3		2544.18		301.0427071845		133.925725434		114.4880728609		91.1603714442		64.2993250027		45.7556593401		0.8909237724		0.8909215273		26.4310944006				0.1383470667		12.4114229725		80.9208582196		20752.06		6465.88		375.7814622525		204.3572988642		193.0193392617		188.8711097527		0.6885320711		0.6884695118		57.3579375121				0.6884695118		83.7890319127

		5		10_25		204		186		150		126		96		60				23.4512192851		25.8034695026		3.4260309191		2.691308849		0.3955559573		24.9012610129		5.5860701861		2.625805939		1.4722349777		0.1858426157		4.9020407292		33.7194548588		90.5387992446		129.1602948325				0.1554729333		0.904063106		52.2555600172		23320.94		2556.64		301.3533706274		134.134360535		114.6683111246		91.3807288809		64.4876640384		45.9249859386		0.8903787421		0.8903888104		26.4520905146				0.1382150667		10.1790227143		86.2669040749		20732.26		5577.34		376.4124507998		205.590401581		194.2473022203		190.1420150008		0.7309653364		0.7308819193		62.8156847898				0.7308819193		89.2677753044

		5		10_27.5		204		186		150		126		96		60				25.1196918633		25.8389198008		3.4329473816		2.6858122747		0.4032164491		24.6557857561		5.6023947151		2.6220716381		1.4651837512		0.1869748631		4.8915553895		38.4794077938		92.0129984931		135.3839616764				0.1556522667		0.9181851899		52.2923999474		23347.84		2583.76		301.3216245461		134.0650569778		114.6531292145		91.3413191538		64.497628515		45.9918579163		0.8893437185		0.8893535903		26.4534801467				0.1382701333		8.793297252		92.483203884		20740.52		4839.68		386.6019223215		203.8675701148		192.5126350329		188.3462976939		0.7666694084		0.7666900448		67.3635120207				0.7666900448		93.8169921673

		5		10_30		204		186		150		126		96		60				25.784806948		25.7873125013		3.4314318288		2.6845653966		0.3973532574		24.9120739994		5.5923118732		2.6377411158		1.4776614965		0.1861306485		4.9183467421		44.0278483961		92.8913890654		141.8375842035				0.1556614667		0.8830055087		52.2829809723		23349.22		2511.48		301.056109534		134.1464467195		114.6549071435		91.3645640799		64.4186417265		45.9262374144		0.892446097		0.8924416373		26.495668471				0.1383966667		7.5613489334		98.9639520619		20759.5		4272.94		393.0041685741		205.4476926918		194.0983637224		189.9875446308		0.794213182		0.7941999088		73.1791451138				0.7941999088		99.6748135848

		5		10_10		238		217		175		147		112		70				25.2254134806		21.9854446834		3.9665820419		3.3031346271		0.4078057895		26.2593825309		6.2614232668		2.9446851975		1.6025443346		0.1881536041		6.3555841126		5.6871806427		92.1445695565		104.1873343118				0.1557098925		0.7893134127		52.190356629		23356.4838709677		2007.935483871		291.086028315		148.6050433695		128.3178059783		101.5942368338		72.6852713923		50.2186791172		0.9140248338		0.9140503377		30.2049119455				0.1385756989		30.718397139		61.1448741926		20786.3548387097		13508.7419354839		398.70820622		215.0491404022		203.6911281291		199.5029857568		0.3501538119		0.3503946848		35.9194607119				0.3503946848		66.1243726575

		5		10_11		238		217		175		147		112		70				23.2909061279		21.9454334205		3.9630920485		3.3074316543		0.3920866335		25.046226508		6.2788603956		2.963689182		1.6163304645		0.1862069363		6.3715230443		7.3950630098		88.990263371		102.7568494252				0.1556716129		0.8031985342		52.2109647652		23350.7419354839		2031.8064516129		291.1871875519		148.9582438449		128.5732691822		101.8645693737		72.8269905603		50.3318346237		0.9129820921		0.9129896221		30.2655313447				0.1381077419		26.2703083912		59.7123689214		20716.1612903226		12324.935483871		376.2684127646		206.7314569263		195.3800638426		191.2982127582		0.4050775358		0.4048420912		36.4214627935				0.4048420912		66.6869941382

		5		10_12		238		217		175		147		112		70				24.0114586194		22.0028160236		3.9619532011		3.3009124758		0.3995576943		25.5004806425		6.2905186163		2.9501105647		1.6045899509		0.1869338041		6.3389745929		8.4669256209		90.2093315928		105.0152318066				0.1556455914		0.8100380562		52.2155214205		23346.8387096774		2041.8709677419		291.4518155157		148.8396123943		128.5266071419		101.8226391498		72.868221589		50.4188962752		0.9125442036		0.9125407261		30.212705397				0.1383051613		25.4526956054		61.9853280661		20745.7741935484		11946.935483871		384.7178106946		209.8506822662		198.4987170012		194.3646860331		0.4241614203		0.4241718482		37.9738694468				0.4241718482		68.1865748437

		5		10_13		238		217		175		147		112		70				22.1154156798		21.9160907926		3.9714054288		3.3062465594		0.3969967372		25.0529456585		6.2658156657		2.9594876188		1.615656156		0.1857061809		6.3719800474		10.327913395		87.7857664777		104.4856599201				0.1555690323		0.772576804		52.1672055606		23335.3548387097		1975.2580645161		291.0694036502		148.946109859		128.5604613477		101.7841107436		72.7651650145		50.2701389615		0.9153558702		0.9153558783		30.2511147681				0.1381946237		21.9737797226		61.5310928129		20729.1935483871		10915.8709677419		367.6237488422		206.501735882		195.1614942759		191.0396998303		0.4734406898		0.4731282363		39.4156771331				0.4731282363		69.6667919012

		5		10_14		238		217		175		147		112		70				22.724090554		21.9150939096		3.9597883603		3.3027079309		0.3986423566		24.4493079346		6.2738527113		2.9598031335		1.6136603253		0.1857014626		6.3692306709		11.9059253535		87.7826486787		106.0578047031				0.1557363441		0.7851721841		52.162505936		23360.4516129032		2012.4516129032		290.7553933105		148.8002050798		128.4356516805		101.7513113406		72.7396586905		50.2879084476		0.9138571688		0.9138558057		30.2474120264				0.1382101075		20.572143275		63.1292332167		20731.5161290323		10408.8387096774		368.0982332591		202.258977457		190.9141344184		186.7879559278		0.4979317464		0.4981761265		40.4051426626				0.4981761265		70.652554689

		5		10_15		238		217		175		147		112		70				21.1403996011		21.8414982597		3.9706440977		3.3076848312		0.3999877398		24.0484185887		6.2523408459		2.9556066924		1.6122564958		0.1854956302		6.3841583478		13.7759789696		85.7143327825		105.8744700999				0.1555501075		0.7517779745		52.0843386591		23332.5161290323		1954.5483870968		290.5174027006		148.8375080613		128.4746575981		101.702426107		72.7067224406		50.1948282922		0.9162307934		0.9162128577		30.2428403994				0.1382868817		17.4308157732		63.0439527118		20743.0322580645		9557.3225806452		353.6528694526		199.6303129751		188.2866759549		184.146244169		0.5392325549		0.5392938665		41.9035531107				0.5392938665		72.1463935101

		5		10_20		238		217		175		147		112		70				24.2161117199		21.8953747429		3.9643738721		3.3006187001		0.4001633664		25.4689510422		6.2733746473		2.9503915336		1.6070089607		0.1863820705		6.3586639988		22.8055874107		90.2627506558		119.4270020653				0.1555785333		0.7863990706		52.1121694246		23336.78		2016.26		290.7958264424		148.8136706791		128.4831651605		101.7537768969		72.7884064495		50.3281536067		0.9136070541		0.9135930868		30.2167946817				0.1382570667		15.8329941301		76.6328273747		20738.56		7517.94		386.1235981838		209.7436530841		198.395643523		194.2521990875		0.6374788117		0.6375483643		52.4167156548				0.6375483643		82.6335103365

		5		10_22.5		238		217		175		147		112		70				23.9168498485		21.9822893194		3.9546109225		3.3016098213		0.4031394554		25.1190684557		6.2704069223		2.9430794733		1.601065863		0.1869654261		6.3298453585		27.6143823215		89.6790855075		123.6233131875				0.1555657333		0.7927019773		52.1469870724		23334.86		2038.1		291.2471010562		148.6792391603		128.3881646513		101.7083322107		72.7863880266		50.3102834268		0.9126609959		0.9126727856		30.164697753				0.1382741333		12.3061932897		80.8279032366		20741.12		6558.62		381.226670801		207.0959767962		195.7440874797		191.5785739459		0.6837514535		0.683637652		56.9110533881				0.683637652		87.075751141

		5		10_25		238		217		175		147		112		70				24.050148977		21.9429621658		3.9574022314		3.3061398198		0.3977388669		24.9510258235		6.2555565116		2.9508459679		1.607105512		0.1868420427		6.3630555868		33.3208348943		89.6057679187		129.2896583998				0.1556285333		0.7696053006		52.1486853038		23344.28		1984.38		290.913489729		148.6526508861		128.3225860304		101.647142514		72.6847240378		50.1959214454		0.9149980257		0.9150019242		30.205723138				0.1383630667		10.4620027241		86.5244777266		20754.46		5544.82		380.9270529803		205.922660145		194.5734888229		190.4507530727		0.7328906647		0.7330406737		62.4743287496				0.7330406737		92.6800518876

		5		10_27.5		238		217		175		147		112		70				25.1762397375		21.9062465521		3.9637460641		3.2977007962		0.3995161681		24.1759806628		6.2698566456		2.952210067		1.6090643981		0.1866900106		6.3549867488		38.7127771584		89.9372511021		135.0050150093				0.1555998667		0.7937456005		52.117110934		23339.98		2033.02		290.8300208593		148.7811070321		128.4388362417		101.7150954607		72.7386053856		50.2949241429		0.9128975877		0.9129100677		30.2108643819				0.1382938667		8.6734892618		92.2849880275		20744.08		4854.34		383.4602799034		200.4026818259		189.0522357862		184.9148947212		0.7660284507		0.7659109815		67.1087482901				0.7659109815		97.319612672

		5		10_30		238		217		175		147		112		70				26.1027567767		21.8936568813		3.9620970322		3.3029185609		0.3991749302		24.4260539058		6.2595905816		2.9529624586		1.6071753095		0.186958073		6.354678828		43.6289987621		91.0933445099		141.0770221				0.1555985333		0.7936596595		52.0967518957		23339.78		2023.36		290.6896575837		148.7254334678		128.3966303256		101.6867283224		72.7076980653		50.2292971177		0.9133173119		0.9133133654		30.2030950144				0.1382254667		7.1549342485		98.3986324641		20733.82		4190.8		392.0827625359		202.2285798504		190.8770795203		186.74229559		0.7979076411		0.7978047796		72.2958756875				0.7976245099		102.4989707019

		5		10_10		272		248		200		168		128		80				22.7681836564		18.3509118192		4.3840472811		3.8762183367		0.3923444599		25.1242961227		6.9596739303		3.2522468478		1.7084230852		0.185446946		7.7986380521		6.1317934419		87.0017924852		100.9322239792				0.1556852		0.7201843812		52.0996853089		23352.78		1725.44		281.2244513601		162.1259306241		141.1529061528		111.7465467266		80.8530815527		54.7038024706		0.9261161617		0.9261208981		33.7487734897				0.1383349333		27.5799521237		57.9856660843		20750.24		13036.74		373.1561761418		207.1001200011		195.7576941344		191.6777242269		0.3717446511		0.3718813561		35.2174824279				0.3718813561		68.9662559176

		5		10_11		272		248		200		168		128		80				23.6502163752		18.3557032028		4.3747832291		3.8652544299		0.3926679382		25.367252923		6.9453019464		3.2397927321		1.6978138747		0.1853692199		7.7920311331		7.3507797296		88.0741558712		103.2169667339				0.1555868		0.7169774346		52.0386587319		23338.02		1703.14		281.0933892551		161.8439256059		140.9315934758		111.5594338897		80.7348512562		54.6459237615		0.9270262233		0.9270420523		33.6829555291				0.1382778667		26.863461499		60.3522541043		20741.68		12377.98		381.0431732584		208.6651343015		197.3225203094		193.2368637184		0.4032821943		0.4032181041		36.7020377291				0.4032181041		70.3849932583

		5		10_12		272		248		200		168		128		80				21.9283667583		18.3298487328		4.3803099609		3.8770061447		0.3946878841		23.998375451		6.9506067921		3.2464623391		1.7037964074		0.1847462862		7.8037103613		8.9235837941		84.9942067564		101.7215009118				0.1555914667		0.7140804415		52.0587214687		23338.72		1696.2		281.1014476236		162.0609710804		141.1085805101		111.7138402173		80.8468539289		54.6778720598		0.9273212968		0.9273117412		33.7288727359				0.1382537333		22.362861109		58.8629604837		20738.06		11485.6		358.7965536868		199.0631957138		187.7208274084		183.617938366		0.4462301123		0.4461586901		36.9345937254				0.4461586901		70.6634664614

		5		10_13		272		248		200		168		128		80				21.7948270421		18.3526565394		4.3728476728		3.8759515921		0.3934676459		24.8291867774		6.9427536061		3.2466771623		1.7022110801		0.1857107839		7.8029931677		10.366439939		85.6962899021		103.8657230088				0.1555573333		0.7177110038		52.0620719538		23333.6		1715.3		281.2149854009		161.9737579879		141.0334915632		111.6679109091		80.7977661466		54.6323035113		0.9264867704		0.9264907213		33.7094154144				0.1382564		21.4535838657		61.0212059174		20738.46		10919.26		363.4827906926		204.7982866993		193.4556178115		189.3674059471		0.4735764612		0.4733370996		39.2263788753				0.4733370996		72.9357942896

		5		10_14		272		248		200		168		128		80				22.1148921992		18.3599201036		4.3796853778		3.8713271222		0.3980806689		24.4815455972		6.9340114064		3.2401863416		1.7012764756		0.1849442306		7.784865732		12.0345065203		85.6658695231		105.4852417753				0.1554652		0.7229944078		52.0368255286		23319.78		1725.88		281.289319601		161.9570641729		141.0167539289		111.5908290474		80.750303343		54.6026397788		0.9259943213		0.9260014258		33.6769054251				0.1382321333		20.0670690835		62.6847090638		20734.82		10236.62		363.2627360669		202.2416566399		190.9053801547		186.7798215732		0.5063736478		0.5060481671		40.5698168646				0.5060481671		74.2467222897

		5		10_15		272		248		200		168		128		80				22.4388101806		18.3795109409		4.3738915867		3.8716050426		0.3971312077		24.5136848733		6.9446635114		3.2460809373		1.7002542714		0.1856240738		7.79080442		13.7366918496		86.0512566257		107.5787528953				0.1555456		0.7341468157		52.0735491213		23331.84		1732.56		281.3643953551		161.9671580692		141.0359289975		111.6599743173		80.787885041		54.6471708199		0.9257437863		0.9257309616		33.6940381805				0.1383658667		19.0942377765		64.7620701394		20754.88		9675.64		366.0993800403		202.6355520123		191.2964614584		187.1807881494		0.5337738699		0.5338076188		42.3232599588				0.5338076188		76.0172981392

		5		10_20		272		248		200		168		128		80				22.9900352601		18.3785761945		4.3761428622		3.8704570025		0.3970784078		24.5843586025		6.9426758057		3.2431228041		1.7014414478		0.1852931754		7.8032805892		23.326256901		86.6691815626		117.7987190527				0.1555574667		0.7084430379		52.0813666005		23333.62		1697.32		281.3290034092		161.9355186389		140.9931218451		111.6055989456		80.7567190045		54.6275726111		0.9272564534		0.927246244		33.702790406				0.1382245333		14.2110558558		75.0457580055		20733.68		7227.78		370.6846771278		203.3331974637		191.9911454414		187.8716925026		0.6514349148		0.6513688906		52.0557227454				0.6513688906		85.7585131513

		5		10_22.5		272		248		200		168		128		80				25.1085965056		18.4459431729		4.3748427549		3.8793416125		0.404394081		25.4744253899		6.9552867906		3.234338961		1.6878049197		0.1867553044		7.7693488958		27.1767722054		89.7517294924		124.6978505937				0.1556917333		0.7297528481		52.1198160011		23353.76		1757.5		281.5405880165		161.8132521404		140.9721963376		111.6164702617		80.8431616407		54.6721416825		0.924745554		0.9247376754		33.6738728282				0.1383744		13.3998083386		81.9304955491		20756.16		6800.38		392.0363275975		209.511804988		198.1602464512		193.9928517026		0.6723845931		0.672202108		56.8218990435				0.672202108		90.4957718718

		5		10_25		272		248		200		168		128		80				23.0106950989		18.3331908683		4.3831492568		3.8640842361		0.3934602542		24.7775582608		6.9449693252		3.2502221686		1.7064525271		0.1856999174		7.8103678087		33.9818674166		86.8494819134		128.6417171388				0.1556138667		0.717072013		52.0605177902		23342.08		1717.4		281.0278901351		161.9693568721		141.0054394933		111.5965401831		80.7099633962		54.6319168864		0.9264252635		0.9264363385		33.7273269219				0.1383888		9.7820096496		85.9714306448		20758.32		5349.62		371.8222554712		204.3418359996		192.9974781426		188.912407714		0.7423098238		0.7421841912		62.9607355458				0.7421841912		96.6880624677

		5		10_27.5		272		248		200		168		128		80				24.206796144		18.3160653355		4.3817733658		3.8752000047		0.3978128849		24.4887362514		6.9292688624		3.243022874		1.7015801385		0.1855213168		7.8140851561		39.279155324		87.7257771782		134.8190176583				0.1555508		0.7019020411		52.0287037206		23332.62		1676.68		280.9297320285		161.9084764889		140.9696621836		111.5494728029		80.7065701412		54.5444085652		0.9281388334		0.9281618435		33.7126383851				0.1383097333		8.4922473391		92.1965708135		20746.46		4678.02		378.7306653658		202.4616526557		191.1221518642		186.9998905875		0.7745264607		0.7745339591		67.9897746694				0.7745339591		101.7024130545

		5		10_30		272		248		200		168		128		80				26.4837033444		18.3891592417		4.3778671017		3.8709354127		0.4009805122		25.3766172269		6.956780977		3.2452961635		1.7005310333		0.1860271366		7.8070110948		43.0767394485		90.9878981501		141.8716486934				0.1556818667		0.720168003		52.1177757659		23352.28		1709.3		281.2868712909		161.9371766438		141.0145470621		111.6400499105		80.797327896		54.6846650344		0.9268068362		0.9268020775		33.7286165242				0.1382294667		7.9749988972		99.1669405927		20734.42		4432.38		402.0517734029		209.27681227		197.9320983676		193.7794965522		0.7863007307		0.7864148311		72.6832372483				0.7864148311		106.4118537725

		5		10_10		306		279		225		189		144		90				22.8659100449		15.1870795844		4.6669481433		4.3849162459		0.3989116643		24.7756610739		7.5973058032		3.4843824397		1.7310695986		0.1834470813		9.2124525807		6.027409258		85.2756316794		100.515493518				0.1557048		0.6739108511		52.0384369573		23355.72		1546.5		271.7282536373		172.9443052812		151.8228333522		120.5954636214		88.2136489848		58.8011396439		0.9337856979		0.9337608082		36.8513573729				0.1382790667		27.1518467898		57.6319907727		20741.86		13115.88		370.9008778756		204.5643241864		193.2371633303		189.10471034		0.3677044076		0.3675543678		34.7660807278				0.3675543678		71.6174381008

		5		10_11		306		279		225		189		144		90				22.6576561981		15.2001833116		4.6581195611		4.3736614298		0.3942931094		24.510859758		7.6083600012		3.4823281606		1.7359645697		0.1834232524		9.2085652125		7.4445412873		84.8048493519		101.4579558517				0.1555838667		0.6909108091		52.0357146015		23337.58		1554.46		271.9222535145		172.9911466337		151.8373357815		120.6513949123		88.2645736504		58.9064512428		0.9333915568		0.9333852074		36.8355312899				0.1384316		25.1650366619		58.6002864282		20764.74		12303.52		367.8504877176		202.5315989727		191.2083551153		187.1142874385		0.4075170726		0.4077914095		35.9426302301				0.4077914095		72.77816152

		5		10_12		306		279		225		189		144		90				22.4555038423		15.1943261999		4.6554997116		4.3789447		0.3954109616		24.9192098898		7.6015020526		3.4878741859		1.7348373865		0.1833353562		9.2093206684		8.8529582024		85.0064442865		103.0687231573				0.1555308		0.6812761623		52.0292234665		23329.62		1562.1		271.975109744		173.0353094649		151.8849146714		120.7066980674		88.2771944906		58.8776345792		0.9330459302		0.9330395188		36.8348972666				0.1383697333		23.7631104389		60.2367225019		20755.46		11587.8		369.3692469687		205.7179185039		194.3918293762		190.2851207146		0.4416587306		0.441894446		37.7812186595				0.441894446		74.6161159261

		5		10_13		306		279		225		189		144		90				23.4916103642		15.2229789504		4.6648238665		4.3899876595		0.391905925		24.8274948442		7.6206275083		3.4888029259		1.7348161912		0.1837341303		9.209059008		10.3306781961		86.0167823654		105.5565195696				0.1557514667		0.6953141374		52.1053312812		23362.72		1574.3		272.0623455212		173.0946909883		151.9537168832		120.7521570041		88.3550715007		58.9183944287		0.9326137191		0.9326193153		36.8823523308				0.1382577333		23.113342985		62.6722023038		20738.66		10978.12		376.1786746032		204.9450090547		193.620914688		189.5370576381		0.4706355346		0.4705720449		39.1805919396				0.4705720449		76.0629442705

		5		10_14		306		279		225		189		144		90				21.3723414365		15.1914163897		4.6648290905		4.3736706769		0.3932862069		24.4016574179		7.5850201864		3.4802186108		1.7373344354		0.1830834395		9.2109611135		12.0596233564		83.3828578904		104.6534423603				0.1554908		0.6829889556		52.009474859		23323.62		1552.16		271.9019614913		172.9618255056		151.7903078521		120.5350517389		88.1533633241		58.7755267285		0.9334500731		0.9334588465		36.8180584693				0.1381554667		19.3032448261		61.8772164648		20723.32		10253.58		357.6100039884		201.9554803027		190.6304406967		186.5452895785		0.505228149		0.5050067625		40.5048750283				0.5050067625		77.3229334976

		5		10_15		306		279		225		189		144		90				25.8224611937		15.2673117268		4.6677966305		4.3843796705		0.4039015078		25.3357385801		7.5893074211		3.4745155208		1.7291238017		0.1838314846		9.19334339		13.2203325261		88.8583675376		111.2720434537				0.1555585333		0.6893939654		52.0740031977		23333.78		1567.22		272.313366687		172.9256423096		151.8147060286		120.5606797465		88.2226008372		58.7857625695		0.932836265		0.932830566		36.8066914709				0.1382545333		22.8346474627		68.4428245914		20738.18		10064.06		396.7771661114		208.6829253727		197.3539953044		193.1807597402		0.5147585999		0.5147547688		42.6203633977				0.5147547688		79.4270548686

		5		10_20		306		279		225		189		144		90				21.5140105504		15.1342369779		4.6554624124		4.3796617084		0.3930593506		24.4483445887		7.6010433983		3.4916633596		1.7407408968		0.1832731119		9.2206110389		23.4872974554		83.5414963551		116.2494048494				0.1556021333		0.6693080917		51.9924381426		23340.32		1537.56		271.5398296552		173.0258643002		151.8381461102		120.6747689641		88.2371701859		58.8503414223		0.934124937		0.9341232884		36.8582011647				0.1383281333		12.7339290633		73.5959125636		20749.22		7086.4		358.7356367546		202.1978434238		190.868974095		186.7731052576		0.6585233909		0.6583854752		52.0819020132				0.6583854752		88.9401031779

		5		10_22.5		306		279		225		189		144		90				23.3124517745		15.2261827252		4.6676603265		4.3791204085		0.3961510749		25.0663966734		7.5981315877		3.4854718971		1.7374073212		0.1839346254		9.2176804441		28.2502688794		86.0529084144		123.5208577378				0.155664		0.6774085241		52.0832647695		23349.6		1542.86		272.048219427		172.978026637		151.819573102		120.5860299181		88.196065032		58.8151896102		0.9339218842		0.9339344861		36.8570820443				0.1384381333		12.3101313124		80.8037251132		20765.72		6316.62		376.2825395719		206.6073183051		195.2733774644		191.1617842935		0.6957648811		0.6957648493		57.4912733386				0.6957648493		94.3483553829

		5		10_25		306		279		225		189		144		90				22.2512339511		15.1744316502		4.655686219		4.3750898765		0.3976998413		24.5760085627		7.599856218		3.4823658676		1.7320759389		0.184342606		9.1994387822		33.7924551583		84.4287907314		127.420684672				0.1555278667		0.6757086087		51.9848364303		23329.18		1552.76		271.7797757396		172.9438416213		151.8061415746		120.6224926795		88.2365732966		58.8592355991		0.9334428698		0.9334485709		36.8104047801				0.1383190667		8.7240305761		84.82246538		20747.86		5380		365.2358104607		202.9119768705		191.5780159341		187.4561114456		0.7406957413		0.7406606302		62.5712314289				0.7406606302		99.381636209

		5		10_27.5		306		279		225		189		144		90				24.0239143787		15.1425418055		4.661002299		4.3763835696		0.3903597951		24.1777224555		7.6057363746		3.4976579719		1.7451527983		0.183846988		9.2246242054		39.7124396793		85.8043184361		134.7413823208				0.1554904		0.6670660123		52.0187381117		23323.56		1531.54		271.8969437732		173.2632116802		152.0360474172		120.8112609107		88.313437917		58.9193961965		0.9343338149		0.9343394762		36.8761963062				0.1383657333		8.3725991268		92.1273841849		20754.86		4697.1		375.1261620475		199.9861756026		188.6569555444		184.5978826265		0.7737492244		0.7739207637		68.1034698061				0.7739207637		104.9796661123

		5		10_30		306		279		225		189		144		90				27.0273663621		15.2037033454		4.6573324375		4.3773692851		0.4014774801		24.4157356216		7.6027032895		3.4832952297		1.7339637471		0.1842833446		9.2010251825		43.3946058661		89.0872301426		141.6828611913				0.1555782667		0.6751174863		52.0263422875		23336.74		1545.24		271.9187621585		172.978164159		151.8320693423		120.645533182		88.2516175339		58.8702700554		0.9337872649		0.9337833142		36.8226389421				0.1383756		7.7858515326		99.0717571783		20756.34		4391.48		398.7465743243		202.075139986		190.7398569877		186.5896070479		0.788454817		0.7885882883		72.0443908161				0.7885882883		108.8670297583

		5		10_10		340		310		250		210		180		100				21.0443705742		12.3743026251		4.789186044		2.5442175163		0.3898754592		24.2553839785		10.4099294802		3.6707105156		1.7185347504		0.181430449		10.7232225963		6.3397191731		81.3779413925		98.440883162				0.1555584		0.6392210059		51.9966019479		23333.76		1408.92		261.9948505646		181.2114969554		160.1597103149		128.1249907039		94.5216675681		76.9196946609		0.9396203977		0.9396309635		39.6222993228				0.13834		25.2067556217		55.6007358845		20751		12784.5		354.4417284909		200.7924626931		189.4847251757		185.4236740158		0.383946352		0.3839530936		34.5563653104				0.3839530936		74.1786646332

		5		10_11		340		310		250		210		180		100				21.6976791444		12.3588098045		4.7863073449		2.5520126193		0.3940399097		24.3140951723		10.408771009		3.6780842163		1.713143279		0.1815662096		10.7298958598		7.5143913715		82.0845087091		100.3287959405				0.1555705333		0.6407483937		51.9918262602		23335.58		1407.34		261.9128495516		181.2341910265		160.218703729		128.2081940041		94.5657275302		76.909438689		0.9396921504		0.9396728839		39.6330164557				0.138282		24.0304621485		57.5106928807		20742.3		12186.08		359.3922448859		201.1761370899		189.860242062		185.7693094233		0.4125112276		0.4124582734		35.8130137363				0.4124582734		75.446030192

		5		10_12		340		310		250		210		180		100				22.6419142474		12.411580793		4.7790890211		2.5527154718		0.3984770663		24.4339694054		10.3845903458		3.6566235106		1.6993146608		0.182009369		10.7093197476		8.7244431747		83.1402838912		102.5740468135				0.1555064		0.6366885057		51.9590746643		23325.96		1398.72		261.9216996274		180.8683498954		159.9387608953		127.9563703271		94.4411601894		76.7781834838		0.9400372969		0.9400292128		39.5474938713				0.1381865333		23.3124151945		59.8042074231		20727.98		11702.58		367.279518192		202.2043374136		190.8870544901		186.7521428877		0.4354621511		0.4354253371		37.1622931757				0.4354253371		76.7097870471

		5		10_13		340		310		250		210		180		100				23.2273469602		12.3886689498		4.7791453067		2.5471182441		0.3970666456		24.3657300472		10.410207872		3.6689088673		1.7082445456		0.1812307612		10.7202552426		10.4569965024		83.6736681997		104.8509199448				0.1555714667		0.6363795358		51.9879828076		23335.72		1408.44		261.9448862873		181.0679024715		160.086477314		128.1141983199		94.5288129105		76.9125651589		0.9396441312		0.9396465757		39.5993138578				0.1382553333		22.4987322575		62.0780591413		20738.3		10859.22		370.8564157043		201.7083979035		190.3996374372		186.2779611832		0.4763841897		0.4763770608		38.8507121811				0.4763770608		78.4500260388

		5		10_14		340		310		250		210		180		100				22.5885781632		12.3915972938		4.7900155746		2.5505945218		0.3932785792		24.7184873009		10.4283481783		3.6771367838		1.7133169282		0.1818435569		10.7155487493		11.9449851612		83.4331968806		106.0937307911				0.1557416		0.646748656		52.0386221414		23361.24		1422.7		262.0234908666		181.2053914531		160.2033333656		128.1963077658		94.5841567259		76.9555999171		0.9391014908		0.9391111828		39.6470248476				0.1383028		20.7281902029		63.2947088759		20745.42		10325.26		368.6507738199		204.1313360538		192.8156043849		188.7302000082		0.502335296		0.5022575292		40.7061307128				0.5022575292		80.3531555604

		5		10_15		340		310		250		210		180		100				21.1662151021		12.3193166769		4.7881970867		2.5462633744		0.3884094541		23.3836011003		10.4096738396		3.6854850028		1.7245317214		0.1803914615		10.7605308719		14.4574227944		80.5920848199		105.8100384861				0.1556488		0.6253199297		51.9981690835		23347.32		1390.34		261.6441940123		181.2507914416		160.1675872545		128.1598296164		94.4775365204		76.872834335		0.9404544469		0.940448826		39.6788524066				0.1383957333		17.4529020357		63.0793935391		20759.36		9195		348.901101231		194.4514802139		183.146699831		179.0908284274		0.5570785549		0.5573140797		41.9131784369				0.5573140797		81.5920308436

		5		10_20		340		310		250		210		180		100				22.3705580274		12.3681603897		4.7830211201		2.5494610136		0.3952288168		24.2557296606		10.3915560267		3.6659124606		1.7132872703		0.1810785884		10.7224420174		23.6149111986		82.6739933743		117.0113465903				0.1554997333		0.640868132		51.9556204312		23324.96		1412.34		261.8445447575		181.0661783188		160.0516481389		128.0413963395		94.4680539395		76.8250014524		0.9394501348		0.9394510031		39.5874600416				0.1382034667		13.5960874959		74.3788716781		20730.52		7120.88		364.3329661457		200.9882413287		189.6817673644		185.576536783		0.6564975013		0.6566372765		52.0083136506				0.6566372765		91.5957736922

		5		10_22.5		340		310		250		210		180		100				24.0882256516		12.4200493621		4.7797887778		2.5470094425		0.3983545671		24.9782981005		10.3963324698		3.6589742548		1.7004385642		0.182263027		10.7065129878		28.1509192125		85.1497342175		124.0071664177				0.1556330667		0.6465529265		51.9772854615		23344.96		1423.06		261.8698342141		180.8143531003		159.885816668		127.9238173763		94.4123456366		76.8003939663		0.9390409231		0.9390481381		39.5572360994				0.1383306667		12.9207384547		81.3842715435		20749.6		6427.3		381.5025088868		205.9912877769		194.6774495121		190.5492408756		0.6902640855		0.6903518348		57.2960458918				0.6903518348		96.8532819913

		5		10_25		340		310		250		210		180		100				25.0913088286		12.4775611484		4.7741991053		2.5559171904		0.4020981143		24.944738489		10.3844907731		3.6527755454		1.6986078135		0.1825303018		10.6841858378		32.9226140196		86.1642273098		129.7710271672				0.1555525333		0.6532410615		51.9950024502		23332.88		1429.5		262.2548035731		180.7795503262		159.858374534		127.9242710962		94.4452991802		76.7595800776		0.9387353025		0.9387409076		39.5174413018				0.1382881333		11.0490199283		87.1494413916		20743.22		5731.86		388.5946877409		205.6163527731		194.3007737237		190.1496276303		0.723699277		0.7237271337		62.058132563				0.7237271337		101.5755738648

		5		10_27.5		340		310		250		210		180		100				26.2851675361		12.4313646304		4.78829184		2.5531111348		0.3999808043		24.9876442548		10.3976212163		3.6661672444		1.7080853672		0.1825009633		10.7147453671		38.4689917818		87.3999349916		136.5836721405				0.1555789333		0.6443641972		52.0274031469		23336.84		1406.98		262.2292817485		181.0733006486		160.0899975324		128.0612006498		94.491250917		76.8359524017		0.9397102317		0.9397142559		39.5960385165				0.1382237333		10.4085221546		93.948584593		20733.56		4996.14		397.7773996788		206.138925201		194.819144095		190.6788020971		0.7590258184		0.759067736		67.6634170569				0.759067736		107.2594555734

		5		10_30		340		310		250		210		180		100				26.1957000183		12.3906771949		4.7895918764		2.5509757783		0.3915180885		24.7025602223		10.4248382843		3.6778171334		1.7153447205		0.1821266899		10.7169676603		43.8228837723		87.0211500066		141.5610014392				0.1556904		0.6503824919		52.0371753865		23353.56		1423.7		262.0554915447		181.2418886172		160.2259193621		128.2134624831		94.5895229405		76.9528943936		0.939037427		0.9390294225		39.6464981917				0.1383221333		7.5881554854		98.9430783021		20748.32		4218.4		394.7884289004		203.9298700022		192.6116357789		188.5313866364		0.796732557		0.7969499649		72.7473782839				0.7969499649		112.3938764756
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		5		10_25		1000		1000		1000		1000		1000		1000				24.6612269137		2.0321010796		0.6437132965		0.551916058		0.3904017973		29.1756809477		2.4529386038		0.4839125126		0.2599982961		0.1639235873		39.7340863882		30.6474702305		60.8158130926		131.1973697113				0.1556616		0.5807233173		51.9514916621		23349.24		1246.96		75.0331578697		60.7205602034		49.0556438705		43.6684092758		30.5607550367		25.7615828457		0.9465970476		0.9465938033		49.9193905825				0.1382888		12.5519531928		88.6471378815		20743.32		6491.18		415.5687050404		236.0427039598		224.8518292639		220.7821978439		0.6870996249		0.6870210384		63.9859109678				0.6870210384		113.9053015503

		5		10_27.5		1000		1000		1000		1000		1000		1000				23.0772278548		1.9677856851		0.6351399973		0.5392816022		0.3883153386		27.2750669297		2.4017396201		0.4797249949		0.2589511466		0.1634271817		39.8743375103		37.6003236597		57.186660351		134.661321521				0.1556397333		0.5800101221		51.94431509		23345.96		1242.82		74.1012720907		60.2086464942		48.5420451582		43.2152969064		30.1389135699		25.4251510867		0.9467662921		0.9467719852		49.9765294049				0.1383269333		8.5295500299		92.1589231584		20749.04		4985.62		390.5044149706		222.4125020733		211.2321764773		207.1780646306		0.7596847154		0.7596891182		69.0816953037				0.7596891182		119.0582247085

		5		10_30		1000		1000		1000		1000		1000		1000				25.2819389775		1.9718485002		0.6328958668		0.5458846888		0.3857489153		28.4629680636		2.4156836498		0.4799819416		0.2600681576		0.1635820095		39.8475949231		41.8559402212		60.6006007708		142.304135915				0.1556969333		0.579467469		51.9437739214		23354.54		1239.38		74.2498851235		60.3310595735		48.6656380378		43.3567588308		30.2730970352		25.5143899085		0.946932652		0.9469359172		49.9719254211				0.1384382667		8.4376219548		99.817353354		20765.74		4652.6		414.9413921499		230.8071295336		219.6265368698		215.5930545152		0.7759945449		0.7761674506		74.5354143765				0.7761674506		124.5073397977
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