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Abstract: A new methodology for estimation of performance parameters in electricity distribution systems is presented in this paper. These parameters include maximum voltage drop, maximum power losses and length of feeders. The methodology, which can used in both planning and operational studies, is based on the MLP - Multi Layer Perceptron paradigm of Artificial Neural Networks.

A second methodology was developed so as to improve MLP performance in the parameter estimation process, as well as to improve the statistical expressions used in the training and validation of the MLP model. This methodology is based on probabilistic simulation and represents an alternative way of generating scenarios for the establishment of statistical expressions. The differences arising between the conventional scenario generation (through enumeration of parameter combinations) and the probabilistic simulation motivated the inclusion of a detailed analysis of the statistical expressions themselves.
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1  Introduction

Some previous works using the Multi Layer Perceptron (MLP) model of Artificial Neural Networks (ANN) in problems of Electric Power Distribution, especially in load forecasting area, have showed that this approach presents some important advantages, such as implementation easiness, absence of complex mathematical models, high-speed calculation and good precision of results [1], [2]. 

This work presents a new methodology, based on the ANN technique, for the operational parameters calculation in primary distribution electrical networks. Such parameters included the maximum voltage drop, maximum power losses, trunk length and total feeder length. The proposed methodology can be applied in the planning and in the operation of distribution systems. 

In this work, some partial results from a distribution systems planning methodology, developed previously and implemented in SISPAI (Sistema de Planejamento Agregado de Investimentos), are used [3]. In the SISPAI program, operational parameters of primary distribution networks, are estimated through a statistical approach. The developed estimation methodology for such parameters can be considered as an alternative procedure to the SISPAI methodology. 

The simplicity of the MLP modeling, which allows the estimation of the electric parameters directly, constitutes a very interesting aspect in comparison with the indirect calculation through invariants implemented in SISPAI. It should be considered the robustness of both models (statistical expressions and MLP), measured by the precision of the results obtained in the case of the networks whose parameters differ considerably from the average network values used in the parameters adjustment stage (regression in the case of the statistical expressions and training in the MLP case). 

2 Methodology for Calculation of Operational Parameters in Primary Distribution Networks  

The proposed methodology for estimation of performance parameters in primary distribution networks, starting from the network descriptors, is based on the MLP model of Artificial Neural Networks, which uses the Backpropagation algorithm as training method. 

2.1  The Multi Layer Network

The MLP model can be defined as a higher-connectivity arrangement of elements called neurons. The MLP model consists of an input layer, one or more hidden layers, and an output layer. Each layer contains neurons and each neuron in the layer is connected to the neurons of the adjacent layer by weighted connections. 

The main characteristic of the ANN resides in their capacity to learn [4]. The learning process of a neural network is known as training. An ANN is trained so that the application of a set of inputs produces a set of expected outputs. Each input or output set is constituted by vectors. During the training process input vectors are applied sequentially, while the network adjusts the weights in agreement with an algorithm that tends to minimize the error. As a consequence, the weights of the connections converge gradually to a value such that each input vector produces the expected output vector. The neural network learns when reaches a generalized solution related to problems analyzed. 

2.2  Data Collection and Separation in Sets 

The problem data are separate in two categories: training data, which will be used in the ANN training, and the validation  or test data, which will be used to verify the ANN performance under real conditions of use. 

The data for the training set were obtained from the SISPAI program, once established the combinations of the descriptors (independent variables) [5]. 

Next are presented the input and output MLP variables: 

Input variables (independent): 

· action angle (o)

· area of service (km2) 
· number of load points 

· maximum demand (kVA) 
· exponent of the load density function

· resistance of the trunk feeder (ohm/km) 

· resistance of the lateral branches (ohm/km) 
Output variables (dependent): 

· total length of the feeder (km) 
· length of the trunk feeder (km) 

· maximum voltage drop in the peak hour (%) 

· maximum power losses in the peak hour (kW) 
The data for the generation of the test set are obtained from the evolution of the network through the time. In the SISPAI program, this stage is executed by modules that use statistical expressions generated previously, to estimate the performance parameters of the electric networks. 

2.3 Definition of the MLP Architecture and Training 

The adopted model was the Multi Layer Perceptron (MLP), with Backpropagation training. Several configurations were previously studied, being finally chosen those producing the best results. In the studied cases, both the number of hidden layers and the number of neurons in those layers have been varied. All the Cases analyzed had 7 neurons in the input layer and 4 neurons in the output layer. 

2.4  Validation of the Obtained Results 

The objective of this stage is to assure that ANN is capable of generalize the output vector to any input vector; that is, to prove that the ANN generalized the input/output relation but did not memorize it. In order to achieve the above objective the validation data set will be used to verify the ANN performance with another data not previously used. 

3   Results 

3.1  First Application: Data Generated by        SISPAI 

In this first application, Cases 1 to 4 are presented. The state space of independent variables was generated by enumeration of parameter combinations within the SISPAI program. 

In order to improve the obtained results in those cases, new cases were generated (Cases 5 to 8) in which the number of combinations of the independent variables, was increased considerably.

In Table 1 the MLP configurations corresponding to Cases 1 through 8 are shown.

Table.1 ANN Topology 

	Case
	 Hidden

Layer
	Hidden

Neurons
	Tolerance

	1, 5
	1
	25
	      0.001

	2, 6
	2
	20/20
	      0.01

	3, 7
	2
	20/20
	      0.001

	4, 8
	2
	25/25
	      0.001


3.1.1  Analysis of Results 

Fig.1 shows the average error obtained as a result of  the training process for Cases 1 to 8. It can be observed that the smallest errors are obtained in Cases 3, 4, 7 and 8. It also can be appreciated that these errors are lightly smaller for the total length (Ltot) and trunk length (Ltr) variables in Cases 7 and 8, and evidently smaller for the maximum voltage drop (dV) and maximum power losses (P) variables in the same cases (7 and 8). 
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Fig.1 Average training error for Cases 1 to 8 
Fig.2 shows the average errors obtained in the test of Cases 1 to 8. Since the MLP network interpolates  exclusively with the data used in the training process, it  will tend to supply a high error value in the case of those validation data that are not close to the data used during the training process. 

When compared case to case, the errors in the tests become much higher than the errors obtained in the training session. On average this increased error was 50% for Cases 1 to 4, and 30% for Cases 5 to 8. 
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Fig.2 Average tests error for Cases 1 to 8 
The training time needed for the current analysis, (using a Pentium III 700MHz computer), varied from 2h02min to 8h46min. The smallest time corresponded to the configuration of Cases 1,5,9,13, with a single hidden layer of 25 neurons (2345 input vectors), and the largest time corresponded to the configuration of the Cases 4,8,12,16, with two hidden layers of 25 neurons (2345 input vectors). However, the MLP network trained needed only 0.25 seconds to be tested when using a test set with 228 vectors. 

The error tolerance is the parameter which determines if the MLP output is close to the expected output, during the training process. When a small value of error tolerance is chosen, the difference between the MLP output and the expected output will be smaller. Among the chosen configurations to be presented in this work, those pertaining to Cases 2 and 3 (similarly Cases 6 and 7, 10 and 11, 14 and 15) only differ in the error tolerance value, being 0.01 in Case 2, and 0.001 in Case 3 (see Tables 1,2 and 3). 

In the results shown in Figs.1 and 2, it can be seen that the MLP networks trained in the first four cases, generated the highest interpolation errors in the tests. In such cases the training file was obtained with a smaller number of independent variables combinations. This behavior is linked to a deficient generalization of the data during the training stage. 

3.2 Second Application: Independent Variables Obtained by Probabilistic Simulation 

In order to improve the interpolation quality of the MLP network, a new methodology was developed and implemented for the independent variable generation in SISPAI. This methodology utilizes probabilistic simulation instead of explicit enumeration used in the conventional version of SISPAI. 

3.2.1 Generation of the Independent Variables through Probabilistic Simulation 
In Fig.3, typical values of the independent variables (i.e. Number of load points and Demand), are represented. 
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Fig.3 Representation of the two independent variables

The existence of a great number of ‘empty spaces’ that hinders the establishment of a good interpolation (mainly if a non linear model, as in the case of the MLP, is adopted), can be observed. 

With the objective of improving the interpolation quality produced by the MLP network, a new way of generating values for the independent variables, through probabilistic simulation, was implemented. As a consequence, a state space where the points are distributed with uniform density (Fig.4), is obtained. 
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Fig.4 Representation of independent variables  generated by probabilistic simulation

3.2.2  Cases 9 to 12 

In Table 2 the MLP configurations corresponding to Cases 9 through 12 are shown.

Table.2 ANN Topology 

	Case
	 Hidden

Layer
	Hidden

Neurons
	Tolerance

	9
	1
	25
	      0.001

	10
	2
	20/20
	      0.01

	11
	2
	20/20
	      0.001

	12
	2
	25/25
	      0.001


Fig.5 shows the average errors obtained, for each output variable from the training process of the cases presented. Once again the MLP network reaches the smaller errors in the configurations pertaining to Cases 11 and 12, highlighting the decrease of the error in the maximum power losses variable. 
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Fig.5 Average training error for Cases 9 to 12 
Fig.6 shows the average errors obtained from testing the MLP networks for Cases 9 to 12. In Case 12, the obtained error for the total length and trunk length variables, were acceptably low (between 4% and 5%). However, for the maximum voltage drop and maximum power losses variables the average error were higher to 10%. 
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Fig.6 Average tests error for Cases 9 to 12 
Considering that the MLP network configurations used in the present cases are equivalent to one used in  Cases 1 to 8, it can be concluded that the superior performance of the MLP networks presented here is due to the fact that this were trained with data generated through probabilistic simulation, which present an uniform distribution in the space. 

3.3 Analysis of the Statistical Expressions Generated by SISPAI 

In previous studies the performance of the MLP networks was evaluated having as a reference the results supplied by the statistical expressions. In the first application the conventional methodology of SISPAI was utilized; whereas in the second one using the probabilistic simulation method was used. This fact and some of the errors considered significant, led to a further analysis related to the validity of the statistical expressions. With this way of reasoning, the following analysis involving the statistical expressions and the points (scenarios) that generated them, are made: 

- Analysis 1, in which the scenarios are specified by the user, through the combination of the  independent variable values. To these scenarios the conventional statistical expressions have been applied, being finally evaluated the resulting interpolation error; 

-  Analysis 2, in which the same scenarios of Analysis 1 (specified by the user) are considered. In this case, the statistical expressions generated by probabilistic simulation were applied. 

- Analysis 3, in which the scenarios generated automatically through probabilistic simulation are considered. To these scenarios the statistical expressions generated by themselves are applied. 

A final analysis (Analysis 4) was also carried out. In this analysis the MLP network was trained with calculated scenarios by statistical expressions obtained by probabilistic simulation, instead of using the scenarios generated in the simulation. 

3.3.1 Discussion of the Analyses 1, 2 and 3 

Figs. 7 and 8 show the interpolation average error and maximum errors obtained in the three analysis. 
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Fig.7 Average interpolation error
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Fig.8 Maximum interpolation error

Comparing the results of Analysis 1 (scenarios and statistical expressions generated by conventional SISPAI) to those from Analysis 3 (scenarios and statistical expressions generated by probabilistic simulation), it can be verified that both the average and the maximum error are smaller when statistical expressions resulting of scenarios generated by probabilistic simulation are used. 

It can also be observed that the error obtained in the Analysis 2 (statistical expressions resulting from scenarios generated by probabilistic simulation, and which are applied to scenarios specified conventionally) are located between the error values of Analysis 1 and 3, with some exceptions. 

The results obtained reveal a common characteristic to  Analysis 1, 2 and 3. Such a characteristic is related to the fact that the largest interpolation errors of the statistical expressions correspond to the maximum power losses. 
3.3.2 Analysis 4 

In this last analysis four new cases are presented (Cases 13 to 16). In each case the MLP network was trained with calculated scenarios 
by the statistical expressions obtained through probabilistic simulation.

The purpose of this analysis was to separate the contribution of both statistical expressions and MLP to the interpolation error.

In Table 3 the MLP configurations corresponding to Cases 13 through 16 are shown.

Table.3 ANN Topology  

	Case
	 Hidden

Layer
	Hidden

Neurons
	Tolerance

	13
	1
	25
	      0.001

	14
	2
	20/20
	      0.01

	15
	2
	20/20
	      0.001

	16
	2
	25/25
	      0.001


Fig.9, presents the average errors, obtained in the training process for Cases 13 to 16. It can be observed that the smallest errors are obtained in the MLP networks of Cases 15 and 16. 
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Fig.9 Average training error for Cases 12 to 16 
Fig.10, shows the average errors obtained when testing the MLP networks for Cases 13 to 16. The network configuration of Case 15 generated the smallest error values, being 3.8% and 3% for the total lengths and for trunk length, respectively. Likewise, it presented a 10% and 12.8% error values, for the maximum voltage drop and maximum power losses, respectively. 
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Fig.10 Average tests error for Cases 12 to 16 

Comparing Cases 13 through 16 to Cases 9 through 12, it can be observed that the obtained test errors decrease in all the output variables except for the Ltot variable. This happened when the MLP network was trained with vectors obtained from the application of  statistical expressions to the scenarios used to generate the expressions. 

The average error corresponding to the maximum power losses decreased from 23.5% to 12.8%. The average error of the maximum voltage drop decreased from 13.1% to 10%. In the same way, the average error of the trunk length decreased from 4.3% to 3%. Finally, the average error of the total length remained at approximately 3.6%. 

Since in Cases 13 through 16 the scenarios used in  MLP training were calculated starting from the statistical expressions, it can be concluded that the error in those cases corresponds to the intrinsic interpolation error of the MLP network. Reduction of the error in Cases 13 through 16 in relation to Cases 9 through 12 corresponds to the error component from the statistical expressions. 

4   Conclusion
Based on the studies and experiences presented in this paper, the following  conclusions are reached: 

- The MLP network with the Backpropagation training algorithm can be applied to the calculation of the operational parameters in distribution systems. From the performance point of view,  the MLP network presented a satisfactory characteristic of data generalization. The network was capable to capture the type of relationship existing between its inputs and outputs; 

-  The crucial factors for a good performance of ANN are the data availability training and the widespread feature of such data. In other words, if the data include a largest number of possible combinations, the network can supply an appropriate response for any new situation; 

- The performance of the MLP network configurations presented in this work varied as a function of the training data origin as well as of the own network structure. This being less satisfactory when using a small number of combinations among the descriptors, and superior when using data generated by probabilistic simulation. It also proved that, in order to achieve the proposed objective, it is necessary to use MLP networks with two hidden layers each with 20 neurons; 

- When applied the statistical expressions to the scenarios  generated by themselves, the error values for the maximum power losses became significant. Those errors are present in the data obtained through SISPAI. As a consequence high error values in the tests were obtained; 

- The probabilistic simulation used to generate the scenarios produced a considerable gain in relation to the SISPAI conventional scenario generation (enumeration of combinations);

- The performance analysis of the MLP network and  the statistical expressions provided similar results. These results can be translated in significant errors, in the case of the maximum power losses. Calculation of this variable (maximum power loss) presents a high degree of difficulty for both the statistical expressions and the MLP network, and is subject of ongoing research. 
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5630.1

1638.7

6174.5

2797.3

2495.2

1540.1

5206.5

4217.4

1503.7

2084.6

5828.6

2737.7

651.5

2772.3

999

1779.5

4357.8

3118.8

603.1

2984.3

1892.6

1719.5

4271.3

1035.9

2646.4

5996.6

2956.1

6659.8

2570.2

2920.3

2007.9

1393.6

5667

5135.2

1873.5

1349.6

5325.9

4877.2

5528.5

5766.2

1651

2282.6

3565.8

3415.2

5784

1640

3732.2

1970.6

7356.4

677.9

4121.4

6591.6

1065.3

4215.9

723.4

1318.8

2789.7

1903

5776.2

7419.7

6658.7

729

3079.2

5084.8

589.7

3872.2

6655.3

2421.5

4132.7

4310.6

6247.3

3707.1

6501

4643.6

3625.8

2987.9

6914

2138.3

1570

1561.1

4038

1002.1

2033.9

4681.1

1666

1332.1

5360.2

533.8

5961.7

6455.3

2087.8

4855.5

5017.8

1550.3

3196.6

5492.1

1762

1151.3

2298.9

2622.6

2521.6

709.1

6597.8

6360.1

679.8

2750.9

1230

918.2

3094.1

3058.1

1388

3834.3

903

1886.8

6717.9

1658.2

3893.9

1698.2

906.3

5332.9

1579.9

1808.8

3799.2

2532.7

7509.9

686.1

6681.9

2961.5

1179.1

2336.4

5471.1

1080.9

5573.4

2733.6

4158.9

1306.3

3978.2

6460.5

1086.1

3054

3241.7

1252.3

587.8

1080.9

2012.7

1916.4

2432.8

6862

2021.1

2349.2

2078.5

2265.3

811.8

1428.9

4367.8

1677

6958.4

1338.8

4639.9

4051.6

2683.3

6567.5

2672.4

5910.8

1981.5

1793.4

5230.2

2945.2

2420

2480.3

5074.6

6257.7

3013.1

633.7

1493.9

1568.2

6986.8

7289.5

654.1

2324.9

5623.2

1262.5

1396.4

658.2

614.6

2879.8

3396.8

3631.7

3365

2697.6

4387.3

4890.2

2442.5

1396

815.5

4804.8

5182.5

3545.5

5135

6779.6

1803.8

5411.1

2782.1

5410.2

7552.5

2527.7

4553.9

1379.5

1552.9

1978.9

6125.9

3943.1

2869.8

1729.7

2209.6

4045.3

2582.3

2334.6

3446.9

1640

3148.9

3127.3

7002.6

842.6

6581.4

2649.3

5636

1922.9

6783.5

1190.1

605.7

2564.5

3878.5

767.8

5220.4

3723.6

5772.3

6716.2

4209.8

1822.2

5169.9

569.3

2462.7

877.9

3090

1530.8

3206.6

4127.9

841.5

3395.1

2872.9

2702.6

3738.3

2143.5

825.2

3795.5

4647.9

4110.1

1750.9

6222.8

1424.4

505.4

7538.9

529.3

1368.2

7037.5

5404.4

3668.5

4825.6

3438.2

3206.6

3715.8

943.3

1010.9

1009.4

3161.3

4584.2

6919.2

1969.3

5263.3

1934

2037.8

729.2

707.6

5301.2

1159.1

2441.5

4910.3

5821.7

3940.9

1159.1

1692.2

1104.3

1794.7

577.6

5080

2354.8

3801.4

2364.5

591.4

3461.6

3759.3

1445.8

1210.3

651.5

5533.9

4549.1

4713.2

2526.6

3857.9

7077.1

1767.6

1861

5303

6476.5

535.5

2387.1

5816.3

680.9

667.7

3222.6

6223.9

1756.8

2264.7

2054.3

3548.3

884.6

7212.1

1371.1

2861

3698.2

5998.7

6943

6787.7

789.3

3417.4

580

1561.1

1805.3

4456.2

4752.6

3485.7

3064.9

1024.8

5749.5

7544.1

6135.9

2242.8

3147.2

1850.1

4106.2

1891.7

1189.5

6673

6129.4

1961.3

2279

1476.1

6294.5

5020.6

1316.5

4699.3

1789.5

5908.6

2636.5

589.7

2752.4

666.2

4007.4

1220.7

5666.1

5442.1

4028.9

2729.2

3150.7

1063.8

3607.6

3630.8

2631.5

6830.8

5284.1

1862.1

3627.4

1038.7

3070.3

990.8

4688.7

2403.3

1313.4

744.4

2626.9

6867.2

3094.1

2049.1

2039.7

1578

3221.3

3413.5

890.7

5722.9

593.8

692.6

5003.7

4326.2

3228.2

1332.7

2952

2883.1

523.8

3587.7

2933.3

5817.6

1766.7

7590

1926

3894.7

4113.8

1004.4

1369.5

6696

2553.3

1887.2

3589.9

3651.4

1482

5306.4

2295

4491.3

5503.2

5173.4

3244.3

5088.9

825.7

6535.2

4159.1

2584.3

3068.8

5101.7

1837.4

2462.7

2068.8

4976.9

4511

3016.3

1654.5

1650.4

4508

1296.7

5765.1

5943

4243

4744.8

6158.2

1176.5

1073.1

5577.7

6508.4

2059.9

5602.4

5134.8

5707.7

1121.7

4032.1

4871.1

7388.5

5049

627.6

2318.2

7589.4

2713.4

2318.8

1200.7

3395.1

3678.7

728.6

1131.2

2100.8

6604.8

5564.5

4741.1

2508.9

5026

1444.7

3320.1

3270.3

6935

5440.8

787.8

1604.2

4118.6

1317.1

2891.9

1324.7

3639.5

2474.2

1068.4

5065.3

2897.8

3435.8

6309.7

4121

3488.7

6700.3

2779.7

4475.2

5383.8

3492.6

1254.1

2035.4

650.8

2768.2

799.2

1283.5

4926.6

4419.3

5182.3

1090.2

1719.7

1139.2

638.2

1070.1

1152.9

5851.6

1499.3

1913.2

5694.7

4345

2776.7

2157.4

4080.9

3226.3

3243.2

5536.8

4291.3

5579.9

3704.5

3966

4460.9

2564.1

5792

7473.9

1916.4

2615.5

565.7

2080

4153.2

5463.3

625.5

4994.6

4408.9

1821.5

1406.2

1997.3

4409.4

1045.6

7099.7

6435.8

1568

1259.7

1922.9

637.8

3489.8

5316.2

2867

2846.7

2517.3

4244.9

550.7

5284.8

4206.8

3119

2133.3

2969.3

1001.4

3243.4

5251

736.2

3487.2

5189.9

526.2

3106.7

6476.3

6855.3

6425.4

7478

4838.4

2885.9

598.4

3773

3055.3

1500.2

1966.9

3482.8

4903.4

2918.2

3245.1

3446.2

1382.8

1345.7

3787.5

5712.1

1991.2

1530.3

3347.6

5216.9



Plan1

		NP		Dem

		338		4206.8

		227		1217

		214		3329

		140		3730.3

		340		1147.2

		56		3236.9

		225		4122.5

		129		3543.9

		345		3179.7

		203		6881.1

		362		2500.6

		404		2719				Módulo 2 convencional

		201		945.5				Dem		NP

		259		5351.9				10		500

		70		1448.2				200		500

		292		2969.5				450		500

		166		4756.3				10		3000

		96		2793.1				200		3000

		243		4083				450		3000

		263		3152.6				10		7000

		94		4295				200		7000

		301		674.4				450		7000

		283		7357.1				10		10000

		308		1360				200		10000

		441		6666.8				450		10000

		381		3181.9

		93		2543.7

		389		5247.7

		72		4702.1

		64		1827.8

		358		1305.4

		338		7166.9

		380		1815.7

		106		3337.7

		266		1012.7

		217		3116

		376		3434.1

		403		1913.4

		262		1057.5

		270		871.4

		390		827.4

		274		5491.9

		88		5288.4

		384		2502.4

		277		2273.8

		117		5443.4

		184		4601.6

		147		1454.3

		443		4019.3

		401		1555.2

		378		6445.5

		90		6564.7

		366		4653.6

		53		3745.7

		324		2994.7

		101		2645.1

		316		580.4

		338		1220.7

		403		3759.8

		380		3055.8

		170		4595.7

		92		4594

		444		3025.6

		332		3948.3

		266		2408.3

		224		1091.8

		442		5080.4

		428		4774.5

		253		5004.2

		218		4429.3

		336		1400.1

		48		869.7

		377		3279.4

		265		2405.1

		261		2951.3

		301		5435.1

		209		1992.3

		444		5967.1

		250		2238.4

		118		2932.7

		191		694.8

		45		4218.5

		444		6032.7

		174		5976

		147		3842.1

		126		7511.4

		247		5196.8

		159		5513.8

		234		3044.9

		391		1953.5

		140		4869.8

		116		5055.9

		376		3730.1

		389		2979.7

		348		7497.5

		115		5572.9

		169		593.2

		154		5135.2

		150		2593.1

		330		7041.2

		296		3315.6

		263		2948.5

		98		5673.1

		198		5311.4

		213		4286.9

		179		4090.2

		180		1282.4

		404		6681.1

		416		3055.5

		179		4784

		351		7050.9

		58		2461.8

		217		5931.3

		43		6048.1

		183		2311.7

		330		1339.2

		234		3828.7

		444		3087.2

		329		5949.1

		126		2807.4

		229		1752.4

		127		2290.7

		295		1959.8

		277		2632.8

		129		1826.1

		376		5003.9

		355		2713.8

		414		1239.8

		175		2532.5

		403		2971

		404		3218.1

		98		5883

		268		4106

		180		2532

		72		1368.9

		380		1570

		76		2828.9

		124		5453.8

		282		1775.4

		408		2493

		391		3765.6

		354		2652.5

		337		503.9

		320		6777.3

		412		1265.8

		217		4598.3

		63		4214.8

		75		1260.8

		71		2078.1

		191		7191.6

		321		6405.4

		143		3641.4

		380		2012.4

		197		3289.6

		157		2189.5

		70		3591.6

		125		1156.1

		304		6769.2

		402		1363.9

		379		4317.5

		165		2563.5

		72		2707.6

		41		4685

		414		7561.6

		55		2799.9

		254		1163.3

		433		2018.1

		397		782.8

		248		6225.4

		112		6629.7

		382		3085.7

		168		3426.5

		128		1194.5

		382		6892.8

		366		576.1

		220		4878.7

		66		2285

		45		3448

		225		2134.6

		43		4002.7

		313		2516.2

		117		6395

		61		6368.2

		412		5349.1

		281		1220

		129		1346.4

		66		1088.7

		254		857.1

		51		816.8

		194		1000.1

		439		1695.9

		146		3568.4

		388		5630.1

		50		1638.7

		97		6174.5

		117		2797.3

		211		2495.2

		405		1540.1

		286		5206.5

		205		4217.4

		421		1503.7

		388		2084.6

		384		5828.6

		359		2737.7

		146		651.5

		239		2772.3

		352		999

		169		1779.5

		208		4357.8

		375		3118.8

		246		603.1

		312		2984.3

		317		1892.6

		84		1719.5

		138		4271.3

		260		1035.9

		84		2646.4

		348		5996.6

		412		2956.1

		138		6659.8

		253		2570.2

		106		2920.3

		323		2007.9

		228		1393.6

		235		5667

		76		5135.2

		165		1873.5

		426		1349.6

		123		5325.9

		422		4877.2

		180		5528.5

		108		5766.2

		225		1651

		384		2282.6

		182		3565.8

		323		3415.2

		180		5784

		381		1640

		324		3732.2

		194		1970.6

		137		7356.4

		247		677.9

		160		4121.4

		348		6591.6

		341		1065.3

		286		4215.9

		188		723.4

		305		1318.8

		400		2789.7

		360		1903

		402		5776.2

		64		7419.7

		160		6658.7

		125		729

		151		3079.2

		77		5084.8

		143		589.7

		72		3872.2

		362		6655.3

		190		2421.5

		162		4132.7

		355		4310.6

		430		6247.3

		433		3707.1

		381		6501

		204		4643.6

		376		3625.8

		188		2987.9

		137		6914

		159		2138.3

		57		1570

		431		1561.1

		395		4038

		441		1002.1

		290		2033.9

		282		4681.1

		213		1666

		193		1332.1

		398		5360.2

		395		533.8

		387		5961.7

		47		6455.3

		221		2087.8

		412		4855.5

		85		5017.8

		173		1550.3

		184		3196.6

		85		5492.1

		96		1762

		48		1151.3

		441		2298.9

		177		2622.6

		408		2521.6

		433		709.1

		144		6597.8

		170		6360.1

		122		679.8

		316		2750.9

		60		1230

		403		918.2

		71		3094.1

		275		3058.1

		322		1388

		385		3834.3

		140		903

		136		1886.8

		83		6717.9

		393		1658.2

		109		3893.9

		280		1698.2

		439		906.3

		172		5332.9

		284		1579.9

		185		1808.8

		166		3799.2

		386		2532.7

		337		7509.9

		207		686.1

		322		6681.9

		215		2961.5

		173		1179.1

		116		2336.4

		334		5471.1

		169		1080.9

		54		5573.4

		152		2733.6

		371		4158.9

		280		1306.3

		62		3978.2

		88		6460.5

		162		1086.1

		379		3054

		129		3241.7

		199		1252.3

		439		587.8

		191		1080.9

		272		2012.7

		344		1916.4

		247		2432.8

		95		6862

		101		2021.1

		227		2349.2

		269		2078.5

		232		2265.3

		306		811.8

		395		1428.9

		368		4367.8

		350		1677

		366		6958.4

		361		1338.8

		424		4639.9

		150		4051.6

		303		2683.3

		414		6567.5

		194		2672.4

		65		5910.8

		295		1981.5

		91		1793.4

		108		5230.2

		219		2945.2

		407		2420

		441		2480.3

		84		5074.6

		355		6257.7

		228		3013.1

		185		633.7

		168		1493.9

		153		1568.2

		114		6986.8

		91		7289.5

		371		654.1

		254		2324.9

		153		5623.2

		325		1262.5

		247		1396.4

		67		658.2

		445		614.6

		44		2879.8

		176		3396.8

		132		3631.7

		188		3365

		417		2697.6

		347		4387.3

		267		4890.2

		331		2442.5

		53		1396

		243		815.5

		62		4804.8

		314		5182.5

		432		3545.5

		280		5135

		133		6779.6

		71		1803.8

		356		5411.1

		121		2782.1

		264		5410.2

		254		7552.5

		48		2527.7

		81		4553.9

		348		1379.5

		395		1552.9

		272		1978.9

		83		6125.9

		236		3943.1

		102		2869.8

		176		1729.7

		44		2209.6

		411		4045.3

		171		2582.3

		220		2334.6

		116		3446.9

		370		1640

		440		3148.9

		102		3127.3

		241		7002.6

		192		842.6

		438		6581.4

		436		2649.3

		214		5636

		285		1922.9

		329		6783.5

		249		1190.1

		49		605.7

		114		2564.5

		152		3878.5

		308		767.8

		368		5220.4

		221		3723.6

		51		5772.3

		322		6716.2

		439		4209.8

		117		1822.2

		377		5169.9

		83		569.3

		96		2462.7

		185		877.9

		206		3090

		387		1530.8

		284		3206.6

		336		4127.9

		104		841.5

		104		3395.1

		236		2872.9

		342		2702.6

		239		3738.3

		437		2143.5

		171		825.2

		413		3795.5

		342		4647.9

		300		4110.1

		97		1750.9

		148		6222.8

		386		1424.4

		122		505.4

		95		7538.9

		161		529.3

		319		1368.2

		335		7037.5

		191		5404.4

		133		3668.5

		63		4825.6

		441		3438.2

		224		3206.6

		267		3715.8

		204		943.3

		73		1010.9

		302		1009.4

		80		3161.3

		180		4584.2

		395		6919.2

		265		1969.3

		392		5263.3

		56		1934

		309		2037.8

		92		729.2

		315		707.6

		369		5301.2

		327		1159.1

		200		2441.5

		202		4910.3

		270		5821.7

		424		3940.9

		299		1159.1

		48		1692.2

		397		1104.3

		292		1794.7

		383		577.6

		268		5080

		186		2354.8

		114		3801.4

		262		2364.5

		132		591.4

		258		3461.6

		49		3759.3

		81		1445.8

		121		1210.3

		188		651.5

		176		5533.9

		51		4549.1

		294		4713.2

		194		2526.6

		184		3857.9

		351		7077.1

		65		1767.6

		369		1861

		134		5303

		337		6476.5

		281		535.5

		285		2387.1

		271		5816.3

		301		680.9

		223		667.7

		145		3222.6

		219		6223.9

		440		1756.8

		79		2264.7

		156		2054.3

		352		3548.3

		256		884.6

		321		7212.1

		417		1371.1

		140		2861

		426		3698.2

		370		5998.7

		63		6943

		146		6787.7

		272		789.3

		343		3417.4

		396		580

		301		1561.1

		216		1805.3

		363		4456.2

		234		4752.6

		387		3485.7

		59		3064.9

		283		1024.8

		184		5749.5

		410		7544.1

		73		6135.9

		414		2242.8

		166		3147.2

		295		1850.1

		185		4106.2

		367		1891.7

		448		1189.5

		103		6673

		381		6129.4

		394		1961.3

		407		2279

		265		1476.1

		224		6294.5

		189		5020.6

		391		1316.5

		447		4699.3

		80		1789.5

		75		5908.6

		285		2636.5

		86		589.7

		45		2752.4

		90		666.2

		419		4007.4

		41		1220.7

		183		5666.1

		345		5442.1

		262		4028.9

		134		2729.2

		280		3150.7

		91		1063.8

		255		3607.6

		109		3630.8

		339		2631.5

		432		6830.8

		190		5284.1

		335		1862.1

		318		3627.4

		250		1038.7

		72		3070.3

		328		990.8

		395		4688.7

		208		2403.3

		377		1313.4

		393		744.4

		289		2626.9

		289		6867.2

		448		3094.1

		139		2049.1

		290		2039.7

		243		1578

		148		3221.3

		275		3413.5

		330		890.7

		317		5722.9

		148		593.8

		88		692.6

		288		5003.7

		424		4326.2

		136		3228.2

		344		1332.7

		442		2952

		366		2883.1

		273		523.8

		169		3587.7

		88		2933.3

		274		5817.6

		276		1766.7

		104		7590

		117		1926

		161		3894.7

		269		4113.8

		242		1004.4

		206		1369.5

		105		6696

		64		2553.3

		140		1887.2

		91		3589.9

		64		3651.4

		162		1482

		316		5306.4

		349		2295

		267		4491.3

		183		5503.2

		131		5173.4

		319		3244.3

		227		5088.9

		219		825.7

		387		6535.2

		202		4159.1

		326		2584.3

		257		3068.8

		143		5101.7

		223		1837.4

		268		2462.7

		71		2068.8

		431		4976.9

		96		4511

		118		3016.3

		305		1654.5

		382		1650.4

		209		4508

		189		1296.7

		393		5765.1

		169		5943

		410		4243

		138		4744.8

		106		6158.2

		113		1176.5

		394		1073.1

		158		5577.7

		82		6508.4

		429		2059.9

		180		5602.4

		226		5134.8

		91		5707.7

		53		1121.7

		116		4032.1

		430		4871.1

		219		7388.5

		429		5049

		348		627.6

		145		2318.2

		254		7589.4

		96		2713.4

		222		2318.8

		131		1200.7

		238		3395.1

		43		3678.7

		56		728.6

		52		1131.2

		125		2100.8

		232		6604.8

		277		5564.5

		129		4741.1

		239		2508.9

		411		5026

		444		1444.7

		245		3320.1

		266		3270.3

		307		6935

		376		5440.8

		233		787.8

		180		1604.2

		294		4118.6

		95		1317.1

		227		2891.9

		245		1324.7

		226		3639.5

		305		2474.2

		388		1068.4

		93		5065.3

		324		2897.8

		170		3435.8

		140		6309.7

		139		4121

		64		3488.7

		272		6700.3

		296		2779.7

		355		4475.2

		322		5383.8

		158		3492.6

		94		1254.1

		333		2035.4

		159		650.8

		284		2768.2

		190		799.2

		433		1283.5

		152		4926.6

		179		4419.3

		288		5182.3

		161		1090.2

		52		1719.7

		65		1139.2

		236		638.2

		229		1070.1

		179		1152.9

		126		5851.6

		57		1499.3

		242		1913.2

		105		5694.7

		277		4345

		129		2776.7

		104		2157.4

		150		4080.9

		188		3226.3

		49		3243.2

		66		5536.8

		342		4291.3

		127		5579.9

		141		3704.5

		284		3966

		331		4460.9

		261		2564.1

		140		5792

		390		7473.9

		329		1916.4

		433		2615.5

		422		565.7

		337		2080

		419		4153.2

		374		5463.3

		412		625.5

		432		4994.6

		346		4408.9

		296		1821.5

		206		1406.2

		312		1997.3

		407		4409.4

		237		1045.6

		82		7099.7

		414		6435.8

		107		1568

		334		1259.7

		133		1922.9

		211		637.8

		448		3489.8

		126		5316.2

		48		2867

		348		2846.7

		145		2517.3

		370		4244.9

		138		550.7

		338		5284.8

		128		4206.8

		361		3119

		376		2133.3

		290		2969.3

		383		1001.4

		239		3243.4

		59		5251

		320		736.2

		360		3487.2

		340		5189.9

		322		526.2

		314		3106.7

		381		6476.3

		344		6855.3

		179		6425.4

		435		7478

		96		4838.4

		200		2885.9

		403		598.4

		389		3773

		97		3055.3

		56		1500.2

		163		1966.9

		74		3482.8

		44		4903.4

		43		2918.2

		278		3245.1

		394		3446.2

		233		1382.8

		92		1345.7

		49		3787.5

		136		5712.1

		288		1991.2

		408		1530.3

		255		3347.6

		152		5216.9
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