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Abstract: - In this paper a method for the determination of the trends for a time series is presented. A comparative study was made between the seasonal components and the aleatory components, which were computed by this algorithm and founded by an additive model.

Using the Fast Fourier Transform, a trigonometric interpolation formula is used for the estimation of the development of analyzed economic phenomenon in the future.
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1  Introduction 

The time evolution of a social-economic process is analyzed with the help of a finite sequence, (yi)i , i((1,2,…, n(, where aleatory variables, yi = y(ti), i((1,2,…, n(are successive order with respect to ti.. 

      These sequences, which register at successive time intervals a statistical characteristic, are called the time series or chronological series (TS). The feature of these series is the presence of two components: the trend and the seasonal component. The modeling of TS proposed in this paper contains the computational techniques, which allow us to determine the evolution components.
2  Computation of the trend
The main problem in the TS modeling is to write the equation of the trend. In order to make this adjustable operation for TS, we create an algorithm, which uses both mechanical and analytical methods. It is tested, on the basis of the datum concerning the methane gas consumption (millions m3) in a department on during four years: A, B, C, D.








      



Table 1

	Year


	          
	A
	B
	C
	D

	Quater
	I
	II
	III
	IV
	I
	II
	III
	IV
	I
	II
	III
	IV
	I
	II
	III
	IV

	ti
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	yi
	
	7397
	5512


	5406
	7686
	7468
	5604
	5433
	7795
	7693
	5664
	5453
	7940
	7793
	5694
	5473
	8040


Next, we present the steps of the algorithm for computation of the trend.

      1. Using Movable Mean Method (MMM), and the values yi from Table 1, which correspond to the moments: t1, t2,.., t16, we calculate:
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      2. Let us consider 
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 and write with the method of the last squares the regressive line:  
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where: 
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      From the cryptogram analysis for our numerical example result that it is correct, if we replace on the axis of ordinates, 
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 and with these we find a and b from (3).










Table 2

	Year
	ti
	Trim.

j
	yi

mil.m.c.
	Movable sum from 4 terms
	Trend

(MMM)
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	1
	I
	7397 
	
	
	
	
	
	

	A
	2
	II
	5512
	
	
	
	
	
	

	
	3
	III
	5406
	26000
	6508.9
	-123
	-5.5
	30.25
	676.5

	
	4
	IV
	7686
	26072
	6529.3
	-103
	-4.5
	20.25
	463.5

	
	5
	I
	7468
	26163
	6544.1
	-88
	-3.5
	12.25
	308

	B
	6
	II
	5604
	26190
	6561.3
	-71
	-2.5
	6.25
	177

	
	7
	III
	5433
	26300
	6603.1
	-29
	-1.5
	2.25
	43.5

	
	8
	IV
	7795
	26525
	6638.8
	6.8
	-0.5
	0.25
	-3.4

	
	9
	I
	7693
	26585
	6648.8
	16.8
	0.5
	0.25
	8.4

	C
	10
	II
	5664
	26605
	6669.4
	37.4
	1.5
	2.25
	56.1

	
	11
	III
	5453
	26750
	6700
	68
	2.5
	6.25
	170.

	
	12
	IV
	7940
	26850
	6716.3
	84.3
	3.5
	12.25
	295

	
	13
	I
	7793
	26880
	6722.5
	90.3
	4.5
	20.25
	406.4

	D
	14
	II
	5694
	26900
	6737.5
	105.5
	5.5
	30.25
	557.5

	
	15
	III
	5473
	27000
	
	
	
	
	

	
	16
	IV
	8040
	
	
	
	
	
	

	Sum
	
	
	
	
	79580
	
	
	143
	3179


Introducing the values from table 2 in (2) we obtain
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Hence:  
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where the angle of the trend with Ot axis is: 
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        3. With the help of equation (2) we find 
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(see column 3, table 3).

3 Computation of seasonal components
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     Fig.1

      In phenomenon evolution there are the periodical variations of the TS terms with respect to the straight line (2). If the oscillations have the constant period on the considered time interval, 

[0,T], then these are called the seasonal oscillations. Further on we present the steps for determination of these.

1. Let us now consider a Cartesian coordinate

system 
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  2. For 
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and consider the trend value which corresponds to ti, the segment DE = 
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Table 3

	ti
	yi
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	(i
	Trim.

j

	1
	7397
	   
	2.97
	
	2.9
	6504
	
	
	
	I

	2
	5512
	
	6.03
	
	0.0293
	6441
	
	
	
	II

	3
	5406
	6507
	0.784
	-1074
	0.7667
	6457
	-1050
	5407
	1
	III

	4
	7686
	6529
	6.5
	1136
	6.357
	6581
	1111
	7692
	-6
	IV

	5
	7468
	6551
	7.3
	902
	7.12
	6599
	882
	7481
	-13
	I

	6
	5604
	6573
	4.13
	-943
	4.04
	6530
	-922
	5608
	-4
	II

	7
	5433
	6595
	5.2
	-1131
	5.086
	6553
	-1106
	5447
	-14
	III

	8
	7795
	6618
	10.64
	1159
	10.4
	6671
	1133
	7804
	-9
	IV

	9
	7693
	6640
	11.4
	1038
	11.15
	6688
	1015
	7703
	-10
	I

	10
	5664
	6662
	8.2
	-967
	8.2
	6618
	-946
	5672
	-8
	II

	11
	5453
	6684
	8.7
	-1194
	8.51
	6629
	-1168
	5461
	-8
	III

	12
	7940
	6707
	14.9
	1218
	14.57
	6763
	1191
	7954
	-14
	IV

	13
	7793
	6729
	15.52
	1053
	15.2
	6777
	1030
	7807
	-14
	I

	14
	5694
	6751
	12.2
	-1012
	11.93
	6705
	-999
	5706
	12
	II

	15
	5473
	
	12.7
	
	12.42
	6716
	
	
	
	III

	16
	8040
	
	19
	
	18.58
	6853
	
	
	
	IV

	
	
	
	
	
	
	
	
	
	
	


          3. We determine the seasonal deviation: 
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. In the table 3 we found the values, which were above presented. 

          4. Finally, we can evaluate the aleatory component of TS:
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              (5)

It represents the deviation with respect to the systematical appearances of the phenomenon evolution.

4  Extrapolation
Because the studied phenomenon is periodically with the period, T = 4 (corresponding to the quarter of an year) we propose a temperate forecast of this.

The combustible quantity, which corresponds to the seasonal deviation 
[image: image42.wmf]s
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in each quarter, is calculated as the mean of the corresponding quarter values from the four years. 

For example, in the first quarter we have in table 4
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Next, an interpolation polynomial for the function, which corresponds to a forecast for the seasonal deviations, is determined. We assume that the trend is parallel with the axis Ox (Ot). This introduces small errors (under 2%), because the slope of the trend is very small (tg 120).

Now, we change the interval [0, 3] (corresponding to the quarters of an year, noted with: 0,1,2,3 for I, II, III, IV) into [0, 1], introducing a new variable: x = t / 3, where t([0, 3].

       Let us consider on [0, 1], n = 23 equidistant points with the step of division, h = 1/8. In the table 4, s2k,, k = 0,1,2,3, are the values of the seasonal deviation 
[image: image44.wmf]s
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 founded in Table 3 for each quarter. Then

      s2k+1 = (s2k + s2k+2) / 2, k = 0,1,2,3, and s8 = s 0. 

        The interpolation trigonometric polynomial of the function, s, will be defined as
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where  N = n/2 = 4.









                          Table 4

	i
	0
	1
	2
	3
	4
	5
	6
	7

	   xi
	0
	1/8
	2/8
	3/8
	4/8
	5/8
	6/8
	7/8

	si
	976
	10
	-956
	-1032
	-1108
	19
	1145
	1061


To halve the computations number for the calculation of the coefficients Ak, Bk on separates the components of si with even index from those with odd index and define:

              yk = s2k + i( s2k+1,  k((0,1,...., N – 1(      (7)

With Cooley and Tukey algorithm [7], we calculate the sums of the form   
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where
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The relations between Cj and Aj, Bj are given by the next theorem,[7]. 

  Theorem
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where  j((0,1,...., N (, A0 = AN, B0 = BN, CN = C0. 

Now, the relations (8) can be written in a matrix form
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is a square matrix. Since:
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 is the conjugate matrix of T. It follows from the form of T that is a nonsingular matrix, so
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 Thus, the relations (9) become
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which define the Inverse Discrete Fourier Transform. From the relation: 
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we get 
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         where P is a permutation matrix: 
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From equation  (15)       
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where   Y = 
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With the relations (10) we find Ak, Bk and the interpolation polynomial becomes:
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 from Table 4.

4 Conclusions
The results presented in the table 3 were compared with these obtained for the same time series, analyzed statistically using an additive model. If in [4], for the same example, maximum aleatory deviations represent 1.5 % of the sum formed of trend and seasonal component, in our algorithm these represent 0.25 %.

      Using TFR to find the coefficients of the interpolation polynomial, corresponding to seasonal component, we obtain a considerable reduction of the calculus number. 
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