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                                                                ABSTRACT  

  I completed the internship at Philip Morris International/Sabanci. As a leading tobacco 

company, Philip Morris has a head quarter in Istanbul and a factory in Izmir.

my project 

consisted of designing a web-site to forecast the sales figures for all products and retailers in 

Maslak/Istanbul region. I planned to use regression analysis for 6-month forecast of the demand 

of the retailers and I had the 18-month of the past demand data. To achieve the best forecast, I 

tried to analyze the data with different mathematical methods. These are some mathematical 

methods such as Power, Logarithmic, Exponential, and Least Squares Methods with different 

degrees. According to these methods, I tried to obtain the best forecast by comparing their 

relative errors. The best method for any product varies in respect to the data therefore, I had a 

chance to reach the accurate forecast. 
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1. Introduction   

 

  This report allows the reader to obtain information about both Philip Morris 

International/Sabanci and my internship. Since I completed the internship in 3 months, I had a 

chance to observe almost all departments. 

 Besides these, I dedicated my time to self-improvement about coding, analyzing and 

communication. Most of the time, I spent the time while coding. There were a variety of 

difficulties, however, I handled many of them. I tried to do my best to decrease the error rate for 

forecasting.  

 At the end of my project, I designed a local website to forecast the sales figures, also anyone can 

see the relationship analysis for the products and top ten products in terms of their relative errors 

by benefiting from six different mathematical methods. 

 

    

 

  



Forecasting with Regression Analysis 

5 
 

2.  Company Information 
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3. Project Background 
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 3.2. Status of the Project or the Problem at the beginning  
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3.4. Related Literature 

The method that is used by the company is simple moving averages. “A moving average is a 

non-parametric estimation technique that uses weighted averages” (Brocklebank,2018). The 

disadvantage of the moving average, this method neglects the significant changes and pattern 

behaviors of the data. Also, there are many forecasting methods such as simple exponential 

smoothing, Holts method and Winters method. Simple exponential smoothing method can be 

used for the data which has no patterns. Holts method can be ideal if the data has a trend and 

Winters method considers both trend and seasonality. (Sobol,1993,p.4) However, for my 
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forecasting project, I decided to use regression analysis with different mathematical methods to 

obtain their trendlines and regression equations and compare their relative errors with the 

original data. The regression equations are necessary because I want to predict the future 

observations and it gives a general description of the data structure (FARAWAY, 2002, p.7). To 

close with the original data, there are a variety of lines, but I chose to use Least Squares Method 

Degree 1, Least Squares Method Degree 2, Least Squares Method Degree 3, Power Method, 

Logarithmic Method and Exponential Method. The method of Least Squares can obtain the best 

fit line to the data and this method is prevalent while working on a regression equation. 

(Miller,2006) 

 Least Square method degree 1 has a general formula as y= ax+b LSM degree 2 has a general 

formula y=ax²+bx+c and degree 3 has y=ax³+bx²+cx+d. Power Method has a general 

formula y=axb . Exponential method has  y = aebx . Logarithmic method can be shown as 

y = a + b ln x. (Mathews,1992,p.253) By obtaining these regression lines, there is a chance to 

compare them with the original data to find relative error which is calculated as 

(absolute error/original data). The minimum relative error gives the more accurate result for the 

forecast. By benefiting from these mathematical equations, it is easy to reach the best forecast. 

  As a clothing firm Zara also needs forecasting to determine the production rate and stocking the 

items basically. However, their forecasting methodology consists of mainly external things such 

as weather condition, specific events , holidays etc. The motivation for me to work for 

forecasting the PMI products and retailers is that Zara’s forecasting has a potential to reduce 

firm’s lost sales by 24%.(García,2014, p.7) I think that it shows the power of the forecasting, but 

it should be developed with different algorithms.  
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4. Project Background 

  4.1. Project Objective 

  4.2. My Responsibilities 

 At the beginning, I import and export daily selling data to the business department via SAP. 

However, after the necessity for the forecasting, I just do it for only my project. The activities 

that I conducted are: 

1-Collecting data 

2-Coding to find the regression equations according to different mathematical methods 

3-Using SQL for data layer visualstudio 

4-Thinking about dashboards, front-end and back-end 
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 4.3. Methodology/ Tools 

 For the forecasting project, I designed a local website by using different programming languages 

such as Java, C#, html, CSS. As for framework I used entity framework and as a library I used 

anychart, bootstrap and math. As two main programs I used SQL Server Management System 

and Visual Studio. 

 

4.4. Expected Outcome and Deliverables   

  The expectations from my algorithm is that decreasing the error rate, obtaining the accurate 

forecast compared to simple moving average method. In the future, it can be used as a local 

forecasting tool for PMSA. The IS analysists would like to improve the tool with adding 

different mathematical algorithms and methods. 
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4.5. Details   

1-) I took the 18-month data from SAP in excel format. This data was from 2nd January 2017 to 

30th June 2018.
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2-) I imported the excel file to SQL Server Management Studio and I gave ID for all the rows. 
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3-) In order to connect the database to my application, I made a scheme. The scheme consisted of 

different tables that I designed these tables with using entity framework because adding, 

removing, queueing, joining to database directly was faster. In other words, when I changed 

something, the database was affected.  

Figure 3. Scheme Entity Framework 
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4-) According to the mathematical methods, I coded them to find their regression lines. I used C# 

to find the regression lines. I coded all the mathematical methods as a function to call them. 

After that, I composed their regression equations and transferred them to the SQL. Also, I added 

the whole regression and relative error code to the appendix. 

 

 

Figure 4. Least Square Degree 1 Method Code 
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5-) I consisted all the regression lines and calculated their relative errors by using SQL. My code 

calculated their coefficients and show the equation inside of the program. 

Figure 5. Regression Equations 
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6-) I would like to show the working principle of forecasting with regression analysis. The 

homepage consisted of three parts which are trendline, find the product and top ten.  

 

Figure 6. Homepage  

 When click the Trendline button, you can see the regression equations, the relative errors and 

the forecast for both retailer and any product. This gives the trendlines and equations for 

customer ID is

Figure 7. Regression Graphs 
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For the product forecasting, there are similar screens but I consisted a sliding for products. 

Figure 8. Forecasting 

For the forecasting from June to December 2018, there is a graph and it gives for the forecasting 

for all methods. 

Figure 9. Regression Graphs for Marlboro Touch Aqua 
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Figure 10. Forecasting for Marlboro Touch Aqua 

 

7-) When click the button find the product from homepage, it is a relationship analysis and it 

shows that the product which is purchased by any retailer with the products existing the right 

column and it also gives purchasing frequency. I made this analysis because it is necessary to 

know which products should be loaded to the van together to reduce the cost. 

 

Figure 10. Relationship Analysis 
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8-) For the top ten button, both the retailers and products were examined in respect to reduced 

ones, increasing ones and the most successful ones according to their relative error rates 

according to these different mathematical methods. Also, there is a sliding to choose the method. 

The screen can be shown like 

 

Figure 11. Top Ten products 
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4.6. Results 

 I completed my project successfully and my forecasting with regression analysis project help 

them to think forecasting from different perspectives. 

5. Internship Experience 

  5.1. Learning  

 I learned many different things during my internship. As for the technical perspective, I 

contributed to myself by improving my coding skills and merged them with the forecasting. 

Besides that, after the three months internship period, I learned how to use SQL Server 

Management System. My career plan didn’t change. Still, I would like to get a master’s degree 

with data science. 

5.2. Relation to undergraduate education 

Knowledge from the computing classes such as CS201 and CS204 were very useful for me. 

Since the content for these classes was C++, the programming algorithms continue same, just the 

syntax changes. Besides these, IE401 and ENS208 had the forecasting content. By thinking the 

learnings from these classes I tried to do something different. There is a database course 

(CS306), I wish I learned the content at the university, because this class is about SQL and it was 

very useful during my internship. 
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 5.3. Difficulties 

 The first difficulty for me, I couldn’t connect the SQL with the Visual Studio, there was a 

database error. To fix this, I took an admin role from the global support team. It lasted around 5 

days. The second challenge for me, while coding, I didn’t have any proper plan to code because 

it was my first experience since I tried to design a local website, I spent so much time to learn the 

things. Thirdly, I tried to code front-end and back-end simultaneously, when changing a piece of 

code from back-end I lost some of the features therefore before the changing something I started 

to back up. 

 

5.4. A Typical Day 

 I started work at 7.45 in the morning. After 2 hours I was giving a tea break. Some of the time I 

was going to eat at 12.00. However, If I had a job or a meeting, I was going to eat at 12.30. 

According to our descent hour, we were one hour away. Typically, I spent time coding the 

forecasting program. Generally, I worked until 15.00 then again I gave a tea break about 10 or 15 

minutes, then I could leave at 17.15. 

6. Conclusions 

Besides these, I improved myself by learning new 

programming languages. 
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 7. Recommendations 

 I think that future Project 302 students should apply global companies to understand the 

corporate life, because it is a really good way to feel it. For the assessment and interview days, 

they shouldn’t support their one persona, they should try to give information about themselves 

from different respects. Also, they should be ready to work outside of their comfort zone.  

  As for work culture considerations, as far as I understand from this internship period, some of 

the time, you may feel hierarchy but some of the time you may feel fully free. It depends rely on 

the situation. However, Philip Morris International/Sabanci is a good place to become an intern 

but you should be ready for the challenges. 
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9. Appendices 

 
(Figure 4. Least Square Degree 1 Method Code) – All codes for the regression and relative error 
 

 

using System; 

using System.Collections.Generic; 
using System.Linq; 

using System.Text; 
using System.Threading.Tasks; 

using MathNet.Numerics.LinearAlgebra; 

using MathNet.Numerics.LinearAlgebra.Double; 
using DataLayer; 

 

namespace DataMining 
{ 

    public class Regression 

    { 
        private static Regression instance; 

 

        private Regression() 
        { 

        } 

 
 

        public static Regression GetInstance() 

        { 
            lock (typeof(Regression)) 

            { 

                if (instance == null) 
                { 

                    instance = new Regression(); 

                } 
                return instance; 

            } 

        } 
 

 

        public ANALIZ MakeAllTrendline(ANALIZ ANALIZ, double[] x, double[] OrjData) 
        { 

            ANALIZ = Least_Sqaure_1(ANALIZ, x, OrjData); 

            ANALIZ = Least_Sqaure_2(ANALIZ, x, OrjData); 
            ANALIZ = Least_Sqaure_3(ANALIZ, x, OrjData); 

            ANALIZ = Power_Method(ANALIZ, x, OrjData); 

            ANALIZ = Exponential(ANALIZ, x, OrjData); 
            ANALIZ = Logarithmic_Method(ANALIZ, x, OrjData); 

            ANALIZ = Equations(ANALIZ, OrjData); 

 
            return ANALIZ; 

        } 

 
        public struct errors 

        { 

            public double max; 
            public double avg; 

            public double Rms; 

            public double SSR; 
            public double SSE; 

            public double SSTO; 
            public double R; 

            public double R_error; 

        } 
 

        public errors FoundError(double[] OrjData, double[] RegData) 

        { 
            double mean = 0; 

            errors Error = new errors(); 
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            Error.avg = 0; 
            Error.Rms = 0; 

            Error.R = 0; 

            Error.max = 0; 
            Error.R_error = 0; 

            foreach (double veri in OrjData) 

            { 
                mean += veri; 

            } 

            mean = mean / OrjData.Length; 
 

 

            for (int i = 0; i < OrjData.Length; i++) 
            { 

                if (Math.Abs(OrjData[i] - RegData[i]) > Error.max) 

                { 
                    Error.max = Math.Abs(OrjData[i] - RegData[i]); 

                } 

                Error.avg += Math.Abs(OrjData[i] - RegData[i]); 

                Error.Rms += Math.Pow((OrjData[i] - RegData[i]), 2); 

                Error.SSR += Math.Pow((RegData[i]-mean),2);  // total 

                Error.SSE += Math.Pow((OrjData[i] - RegData[i]), 2); //hata 
                Error.SSTO += Math.Pow((OrjData[i] - mean), 2); 

                Error.R_error += (Math.Abs(OrjData[i] - RegData[i])) / OrjData[i]; 

                //Error.R_error += (Math.Abs(OrjData[i] - RegData[i])) / RegData[i]; 
 

 
            } 

            Error.R = 1 - (Error.SSE / Error.SSTO);  // orj 

            Error.avg = Error.avg / OrjData.Length; 
            Error.Rms = Math.Pow(Error.Rms / OrjData.Length, 0.5); 

            return Error; 

 
        } 

 

 
        public ANALIZ Least_Sqaure_1(ANALIZ ANALIZ, double[]x , double[] y ) 

        { 

            // y = ax+b; 
            double Total = 0; 

            double sumX = 0; 

            double SumY = 0; 
            double sumX_2 = 0; 

            double sumX_Y = 0; 

            int size = 18; 
 

            for (int i = 0; i < y.Length; i++) 

            { 
                sumX += x[i]; 

                SumY += y[i]; 

                sumX_2 += Math.Pow(x[i], 2); 
                sumX_Y += x[i] * y[i]; 

            } 

            double temp = (sumX_2 * size) - (sumX * sumX); 
            double A = (sumX_Y * size - sumX * SumY) / temp; 

            double B = (sumX_2 * SumY - sumX * sumX_Y) / temp; 

 
            ANALIZ.LeastSquare_1_X = A; 

            ANALIZ.LeastSquare_1_C = B; 

            ANALIZ.LeastSquare_1_M = A; 
            ANALIZ.LeastSquare_1_Equ = "y = " + Math.Round(A, 2) + "x + " + Math.Round(B, 2); 

 

            return ANALIZ; 
        } 

 

 
        public ANALIZ Least_Sqaure_2(ANALIZ ANALIZ, double[]x , double[] y) 

        { 

            // y =ax'2+bx+c  Y türev = 2*a*x+b 
            double[] Sum_X = new double[6]; 
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            double SumY = 0; 
            double sumX_Y = 0; 

            double sum_x_2_y = 0; 

            int size = 18; 
 

            for (int i = 0; i < y.Length; i++) 

            { 
                for (int a = 1; a < 5; a++) 

                { 

                    Sum_X[a] += Math.Pow(x[i], a); 
                } 

                sumX_Y += x[i] * y[i]; 

                SumY += y[i]; 
                sum_x_2_y += y[i] * x[i] * x[i]; 

 

            } 
 

            #region matrix 

            Matrix<double> temp = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[4],Sum_X[3],Sum_X[2]}, 

        {Sum_X[3],Sum_X[2],Sum_X[1]}, 

        {Sum_X[2],Sum_X[1],size}}); 
 

            Matrix<double> A_Matrix = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[3],Sum_X[2],sum_x_2_y}, 
        {Sum_X[2],Sum_X[1],sumX_Y}, 

        {Sum_X[1],size,SumY}}); 
 

            Matrix<double> B_Matrix = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[4],Sum_X[2],sum_x_2_y}, 
        {Sum_X[3],Sum_X[1],sumX_Y}, 

        {Sum_X[2],size,SumY}}); 

 
            Matrix<double> C_Matrix = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[4],Sum_X[3],sum_x_2_y}, 

        {Sum_X[3],Sum_X[2],sumX_Y}, 
        {Sum_X[2],Sum_X[1],SumY}}); 

 

            #endregion 
 

            double Temp_Det = temp.Determinant(); 

            double A = A_Matrix.Determinant() / Temp_Det; 
            double B = -B_Matrix.Determinant() / Temp_Det; 

            double C = C_Matrix.Determinant() / Temp_Det; 

 
            ANALIZ.LeastSquare_2_X_sqr = A; 

            ANALIZ.LeastSquare_2_X = B; 

            ANALIZ.LeastSquare_2_C = C; 
            ANALIZ.LeastSquare_2_M = 2 * A * 18 + B; 

            ANALIZ.LeastSquare_2_Equ = "y = " + Math.Round(A, 2) + "x^2 + " + Math.Round(B, 2)+"x + "+Math.Round(C,2); 

 
            return ANALIZ; 

        } 

 
 

        public ANALIZ Least_Sqaure_3(ANALIZ ANALIZ, double[] x, double[] y) 

        { 
            //ax'3+bx'2+cx+d   y'= 3ax'2+2bx+c 

            double[] Sum_X = new double[18]; 

            double SumY = 0; 
            double sum_y_x_2 = 0; 

            double sum_y_x_3 = 0; 

            double sum_y_x_1 = 0; 
            int size = 18; 

 

            for (int i = 0; i < y.Length; i++) 
            { 

                for (int a = 1; a < 18; a++) 

                { 
                    Sum_X[a] += Math.Pow(x[i], a); 
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                } 
                sum_y_x_1 += x[i] * y[i]; 

                SumY += y[i]; 

                sum_y_x_2 += y[i] * x[i] * x[i]; 
                sum_y_x_3 += y[i] * Math.Pow(x[i], 3); 

            } 

 
            #region matrix 

            Matrix<double> temp = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[6],Sum_X[5],Sum_X[4],Sum_X[3]}, 
        {Sum_X[5],Sum_X[4],Sum_X[3],Sum_X[2]}, 

        {Sum_X[4],Sum_X[3],Sum_X[2],Sum_X[1]}, 

        {Sum_X[3],Sum_X[2],Sum_X[1],size}}); 
 

            Matrix<double> A_Matrix = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[5],Sum_X[4],Sum_X[3],sum_y_x_3}, 
        {Sum_X[4],Sum_X[3],Sum_X[2],sum_y_x_2}, 

        {Sum_X[3],Sum_X[2],Sum_X[1],sum_y_x_1}, 

        {Sum_X[2],Sum_X[1],size,SumY}}); 

 

            Matrix<double> B_Matrix = DenseMatrix.OfArray(new double[,] { 

        {Sum_X[6],Sum_X[4],Sum_X[3],sum_y_x_3}, 
        {Sum_X[5],Sum_X[3],Sum_X[2],sum_y_x_2}, 

        {Sum_X[4],Sum_X[2],Sum_X[1],sum_y_x_1}, 

        {Sum_X[3],Sum_X[1],size,SumY}}); 
 

            Matrix<double> C_Matrix = DenseMatrix.OfArray(new double[,] { 
        {Sum_X[6],Sum_X[5],Sum_X[3],sum_y_x_3}, 

        {Sum_X[5],Sum_X[4],Sum_X[2],sum_y_x_2}, 

        {Sum_X[4],Sum_X[3],Sum_X[1],sum_y_x_1}, 
        {Sum_X[3],Sum_X[2],size,SumY}}); 

 

            Matrix<double> D_Matrix = DenseMatrix.OfArray(new double[,] { 
        {Sum_X[6],Sum_X[5],Sum_X[4],sum_y_x_3}, 

        {Sum_X[5],Sum_X[4],Sum_X[3],sum_y_x_2}, 

        {Sum_X[4],Sum_X[3],Sum_X[2],sum_y_x_1}, 
        {Sum_X[3],Sum_X[2],Sum_X[1],SumY}}); 

 

            #endregion 
 

            double Temp_Det = temp.Determinant(); 

            double A = -A_Matrix.Determinant() / Temp_Det; 
            double B = B_Matrix.Determinant() / Temp_Det; 

            double C = -C_Matrix.Determinant() / Temp_Det; 

            double D = D_Matrix.Determinant() / Temp_Det; 
 

            ANALIZ.LeastSquare_3_X_kup = A; 

            ANALIZ.LeastSquare_3_X_sqr = B; 
            ANALIZ.LeastSquare_3_X = C; 

            ANALIZ.LeastSquare_3_C = D; 

            ANALIZ.LeastSquare_3_M = (3 * A * 18 * 18) + (2 * B * 18) + C; 
            ANALIZ.LeastSquare_3_Equ = "y = " + Math.Round(A, 2) + "x^3 + " + Math.Round(B, 2) + "x^2 + " + Math.Round(C, 2)+"x 

+"+Math.Round(D,2); 

 
 

            return ANALIZ; 

 
        } 

 

 
        public ANALIZ Logarithmic_Method(ANALIZ ANALIZ, double[] x, double[] y) 

        { 

            //logarithmic trendline y = a*ln(x) + b. 
            double sumX = 0; 

            double SumY = 0; 

            double sumX_2 = 0; 
            double sumX_Y = 0; 

            int size = 18; 

 
            double[] NewX = new double[18]; 
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            for (int a = 0; a < 18; a++) 
            { 

                NewX[a] = Math.Log(x[a]); 

            } 
            for (int i = 0; i < y.Length; i++) 

            { 

                sumX += NewX[i]; 
                SumY += y[i]; 

                sumX_2 += Math.Pow(NewX[i], 2); 

                sumX_Y += NewX[i] * y[i]; 
            } 

            double temp = (sumX_2 * size) - (sumX * sumX); 

            double A = (sumX_Y * size - sumX * SumY) / temp; 
            double B = (sumX_2 * SumY - sumX * sumX_Y) / temp; 

 

            ANALIZ.Logarithmic_X_ln = A; 
            ANALIZ.Logarithmic_C = B; 

            ANALIZ.Logarithmic_M = A / 18; 

            ANALIZ.Logarithmic_Equ = "y = " + Math.Round(A, 2) + "*ln(x) + " + Math.Round(B, 2); 

            return ANALIZ; 

 

        } 
 

 

        public ANALIZ Exponential(ANALIZ ANALIZ, double[] x, double[] y) 
        { 

            //exponential trendline  y = a * e ^(b * x).  
            double total = 0; 

            double sumX = 0; 

            double SumY = 0; 
            double sumX_2 = 0; 

            double sumX_Y = 0; 

            int size = 18; 
            double min = 0; 

            #region Update_Zeros 

 
            for (int f = 0; f < 18; f++) 

            { 

                if (y[f] != 0) 
                { 

                    min = y[f]; 

                    break; 
                } 

            } 

            for (int a = 0; a < 18; a++) 
            { 

                if (y[a] < min) 

                { 
                    min = y[a]; 

                } 

            } 
            for (int a = 0; a < 18; a++) 

            { 

                if (y[a] == 0) 
                { 

                    y[a] = min / 100; 

                } 
            } 

 

            #endregion 
 

            double[] NewY = new double[18]; 

            for (int a = 0; a < 18; a++) 
            { 

                NewY[a] = Math.Log(y[a]); 

            } 
            for (int i = 0; i < NewY.Length; i++) 

            { 

                sumX += x[i]; 
                SumY += NewY[i]; 
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                sumX_2 += Math.Pow(x[i], 2); 
                sumX_Y += x[i] * NewY[i]; 

            } 

            double temp = (sumX_2 * size) - (sumX * sumX); 
            double A = (sumX_Y * size - sumX * SumY) / temp; 

            double B = Math.Exp((sumX_2 * SumY - sumX * sumX_Y) / temp); 

            ANALIZ.Exponential_X_eUzeri = A; 
            ANALIZ.Exponential_eKatsayi = B; 

            ANALIZ.Exponential_M = A * B * Math.Exp(18 * A); 

            ANALIZ.Exponential_Equ = "y = " + Math.Round(B, 2) + "*e^(" + Math.Round(A, 2)+"*x)"; 
 

            return ANALIZ; 

        } 
 

 

        public ANALIZ Power_Method(ANALIZ ANALIZ, double[] x, double[] y) 
        { 

            // power trendline  y = a * x^b.  

            double sumX = 0; 

            double SumY = 0; 

            double sumX_2 = 0; 

            double sumX_Y = 0; 
            int size = 18;   

            double min = 0; 

 
            #region Update_Zeros 

 
            for (int f = 0; f < 18; f++) 

            { 

                if (y[f] != 0) 
                { 

                    min = y[f]; 

                    break; 
                } 

            } 

            for (int a = 0; a < 18; a++) 
            { 

                if (y[a] != 0) 

                { 
                    if (y[a] < min) 

                    { 

                        min = y[a]; 
                    } 

                } 

                 
            } 

            for (int a = 0; a < 18; a++) 

            { 
                if (y[a] == 0) 

                { 

                    y[a] = min / 100; 
                } 

            } 

 
            #endregion 

 

            double[] NewX = new double[size]; 
            double[] NewY = new double[size];  

 

            for (int a = 0; a < size; a++)    
            { 

                NewY[a] = Math.Log(y[a]); 

                NewX[a] = Math.Log(x[a]); 
            } 

 

 
            for (int i = 0; i < NewY.Length; i++) 

            { 

                sumX += NewX[i]; 
                SumY += NewY[i]; 
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                sumX_2 += Math.Pow(NewX[i], 2); 
                sumX_Y += NewX[i] * NewY[i]; 

            } 

 
            double temp = (sumX_2 * size) - (sumX * sumX); 

            double A = (sumX_Y * size - sumX * SumY) / temp; 

            double B = Math.Exp((sumX_2 * SumY - sumX * sumX_Y) / temp); 
 

            ANALIZ.Power_X_Ussu = A; 

            ANALIZ.Power_X_Katsayi = B; 
            ANALIZ.Power_M = A * B * Math.Pow(18, A - 1); 

            ANALIZ.Power_Equ = "y = " + Math.Round(B, 2) + "* x^" + Math.Round(A, 2); 

            return ANALIZ; 
        } 

 

 
 

        public ANALIZ TESTPower(ANALIZ ANALIZ) 

        { 

            // power trendline  y = a * x^b.  

            double sumX = 0; 

            double SumY = 0; 
            double sumX_2 = 0; 

            double sumX_Y = 0; 

            int size = 11; 
 

            double[] tempX = new double[11] { 11, 15, 18, 23, 26, 31, 39, 44, 54, 64, 74 }; 
            double[] tempY = new double[11] { 0.00476, 0.0105, 0.0207, 0.0619, 0.337, 0.74, 1.7, 2.45, 3.5, 4.5, 5.09 }; 

 

 
            //double[] tempX = new double[4] { 1, 2, 3, 4 }; 

            //double[] tempY = new double[4] { 1, 4, 8, 15 }; 

 
            double[] NewX = new double[11]; 

            double[] NewY = new double[11];  

 
 

 

            for (int a = 0; a < size; a++) 
            { 

                NewY[a] = Math.Log(tempY[a]); 

                NewX[a] = Math.Log(tempX[a]); 
            } 

 

 
            for (int i = 0; i < NewY.Length; i++) 

            { 

                sumX += NewX[i]; 
                SumY += NewY[i]; 

                sumX_2 += Math.Pow(NewX[i], 2); 

                sumX_Y += NewX[i] * NewY[i]; 
            } 

 

            double temp = (sumX_2 * size) - (sumX * sumX); 
            double A = (sumX_Y * size - sumX * SumY) / temp; 

            double B = Math.Exp((sumX_2 * SumY - sumX * sumX_Y) / temp); 

 
            ANALIZ.Power_X_Ussu = A; 

            ANALIZ.Power_X_Katsayi = B; 

            ANALIZ.Power_Equ = "y = " + Math.Round(B, 2) + "* x^" + Math.Round(A, 2); 
            double[] Pow = new double[size]; 

            for (int i = 0; i < size; i++) 

            { 
                Pow[i] = Convert.ToDouble((ANALIZ.Power_X_Katsayi * Math.Pow(tempX[i], Convert.ToDouble(ANALIZ.Power_X_Ussu)))); 

            } 

            errors er = new errors(); 
 

            er = FoundError(tempY, Pow); ANALIZ.Power_MaxError = er.max; ANALIZ.Power_AvgError = er.avg; 

            ANALIZ.Power_RMS = er.Rms; ANALIZ.Power_R = er.R; 
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            return ANALIZ; 
        } 

 

 
 

        public ANALIZ Equations(ANALIZ analiz, double[] OrjData) 

        { 
            int size = 18; 

            double[] tst_Reg = new double[10] { 40, 35, 30, 32, 19, 26, 24, 22, 18, 6 }; 

            double[] tst_Orj = new double[10] { 40.88, 34.3, 33.36, 29.6, 23.02, 23.02, 22.08, 18.38, 18.38, 10.8 };  
            double[] LS_1 = new double[18]; 

            double[] LS_2 = new double[18]; 

            double[] LS_3 = new double[18]; 
            double[] Pow = new double[18]; 

            double[] Log = new double[18]; 

            double[] Exp = new double[18]; 
            for (int i = 0; i < size; i++) 

            { 

                LS_1[i] = Convert.ToDouble((i + 1) * analiz.LeastSquare_1_X + Convert.ToDouble(analiz.LeastSquare_1_C)); 

                LS_2[i] = Convert.ToDouble((i + 1) * (i * 1) * analiz.LeastSquare_2_X_sqr + (i + 1) * analiz.LeastSquare_2_X + 

Convert.ToDouble(analiz.LeastSquare_2_C)); 

                LS_3[i] = Convert.ToDouble(Math.Pow((i + 1), 3) * analiz.LeastSquare_3_X_kup + (i + 1) * (i * 1) * analiz.LeastSquare_3_X_sqr + (i 
+ 1) * analiz.LeastSquare_3_X + Convert.ToDouble(analiz.LeastSquare_3_C)); 

                Pow[i] = Convert.ToDouble((analiz.Power_X_Katsayi * Math.Pow((i + 1), Convert.ToDouble(analiz.Power_X_Ussu)))); 

                Log[i] = Convert.ToDouble(analiz.Logarithmic_X_ln * Math.Log((i + 1)) + analiz.Logarithmic_C); 
                Exp[i] = Convert.ToDouble(analiz.Exponential_eKatsayi * Math.Pow(Math.E, ((i + 1) * 

Convert.ToDouble(analiz.Exponential_X_eUzeri)))); 
 

            } 

            errors er = new errors(); 
            er = FoundError(OrjData, Pow); analiz.Power_MaxError = er.max; analiz.Power_AvgError = er.avg; 

            analiz.Power_RMS = er.Rms; analiz.Power_R = er.R; analiz.Power_R_error = er.R_error; 

            er = FoundError(OrjData, LS_1); analiz.LeastSquare_1_MaxError = er.max; analiz.LeastSquare_1_AvgError = er.avg; 
            analiz.LeastSquare_1_Rms = er.Rms; analiz.LeastSquare_1_R = er.R; analiz.LeastSquare_1_R_error = er.R_error; 

            er = FoundError(OrjData, LS_2); analiz.LeastSquare_2_MaxError = er.max; analiz.LeastSquare_2_AvgError = er.avg; 

            analiz.LeastSquare_2_Rms = er.Rms; analiz.LeastSquare_2_R = er.R; analiz.LeastSquare_2_R_error = er.R_error; 
            er = FoundError(OrjData, LS_3); analiz.LeastSquare_3_MaxError = er.max; analiz.LeastSquare_3_AvgError = er.avg; 

            analiz.LeastSquare_3_Rms = er.Rms; analiz.LeastSquare_3_R = er.R; analiz.LeastSquare_3_R_error = er.R_error; 

 
            er = FoundError(OrjData, Log); analiz.Logarithmic_MaxError = er.max; analiz.Logarithmic_AvgError = er.avg; 

            analiz.Logarithmic_Rms = er.Rms; analiz.Logarithmic_R = er.R; analiz.Logarithmic_R_error = er.R_error; 

 
            er = FoundError(OrjData, Exp); analiz.Exponential_MaxError = er.max; analiz.Exponential_AvgError = er.avg; 

            analiz.Exponential_Rms = er.Rms; analiz.Exponential_R = er.R; analiz.Exponential_R_error = er.R_error; 

 
            return analiz; 

 

        } 
 

 

    } 
} 

 
(Figure 4. Least Square Degree 1 Method Code) – All codes for the regression and relative error 
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Figure 9.1 Regression Graphs for Lark Blue 
Figure 10.1 Forecasting for Lark Blue 


