NEUTROSOPHIC RATIO TYPE ESTIMATORS FOR ESTIMATING THE POPULATION MEAN
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Abstract 
In previous studies, many researchers have estimated the mean of the finite population in the presence of auxiliary information under classical statistics when data is stable and determined but the problem arises when the data is uncertain, data may be imprecise, ambiguous, incomplete and vague. In these situations, Neutrosophic Statistics can be applied. In this article, we developed the neutrosophic ratio type estimators for estimating the mean of the finite population using an auxiliary variable under Neutrosophic data. Unbiasedness at order one was proved and the efficiencies of the proposed neutrosophic ratio type estimators using mean square errors are also discussed by neutrosophic interval data of temperature. These proposed ratio type estimators are very helpful for obtaining estimates of the mean as in SRSWOR when our sample has some indeterminacy.
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1. Introduction
In classical statistics, the data is known and formed by crisp numbers. Many authors worked on several estimators for estimating the mean of the finite population in the existence of auxiliary information under classical statistics such as Cochran (1940), Robson (1957), Sisodia and Dwivedi (1981), Pandey and Dubey (1988), Singh and Kakran (1993), Upadhyaya and Singh (1999), Singh and Taylor (2003), Bahl and Tuteja (1991), Kadilar and Cingi (2006), Singh et al. (2009), Upadhaya et al. (2011). But the problem arises when the data has some indeterminacy. To deal with such problem neutrosophic statistics are used.
Smarandache (1998) was presented the neutrosophic logic that is the generalization of the fuzzy logic. Neutrosophic logic deals with the measure of the indeterminacy. Neutrosophic Statistics is an extension of the classical statistics, used when there is neutrosophy in sample or data. When observation in the population or, in the sample are imprecise, indeterminate, and vogues then neutrosophic statistics is applied.
Neutrosophic data refers to a set of data, that is indeterminate in some degree, and neutrosophic statistical methods used to analyze such data. In neutrosophic statistics, the sample size may not be exactly known. Smarandache (2014) and Aslam (2018) discussed that neutrosophic statistics is quite effective and suitable to be applied in the uncertainty system. Chen et al. (2017) presented the application of the neutrosophic numbers in the field of rock engineering.
All previous research in the field of survey sampling was done on the data, that was certain, determine, and clear (in nature). But in many cases data is of neutrosophic nature under some circumstances, this is the point where Neutrosohpic Statistics applied and old classical methods failed.
Using Neutrosophic Statistical analysis helps to deal with the data containing a certain amount of indeterminacy or incomplete information. Also, this method allows for inconsistent beliefs as well. Data collection through some tools may perhaps present some observation in a range. In such a case Classical Statistics failed to analyze data with indeterminacy intervals. Hence Neutrosophic Statistics is applied under the uncertain environment which is the alternative and generalization of Classical Statistics. Many pieces of research have been done so far in the field of survey sampling under the neutrosophy among them ratio estimation for survey sampling is still fresh and requires a lot of attention for the uncertain system of data. 
In this article, we proposed several neutrosophic estimators for estimating the mean of the finite population in the presence of auxiliary information which is very suitable to overcome the problem of sample indeterminacy.
2. Terminology 
Consider a neutrosophic random sample of size  is drawn from a finite population of N units (T1, T2,…………., TN). Let  is our variable of interest and  is our auxiliary variable that is correlated with our study variable.
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3. Proposed Neutrosophic Estimators 
Here, we transformed several existing estimators into neutrosophic estimators to overcome the problem of data indeterminacy and neutrosophic interval data.
3.1	Neutrosophic Ratio estimator
We suggest the following neutrosophic ratio estimator for estimating the mean of the finite population in the presence of auxiliary variables.
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The bias and Mean square error of, up to first-order approximation are given by
	Bias ()=
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3.2	Several Modified Neutrosophic Ratio Estimators
Motivated by Sisodia and Dwivedi's (1981) modified ratio estimator we developed a modified neutrosophic ratio estimator where we used the coefficient of variation as an auxiliary variable.
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Expression of bias and mean square error of   up to first-order approximation are given as:
	Bias ()=
	(7)
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Now, we suggested another neutrosophic estimator where we consider the coefficient of kurtosis as an auxiliary variable.
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Bias and MSE of   , correct up to first-order approximation are given by
	Bias ()=
	(11)
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Motivated by Upadhyaya and Singh (1999) we consider both, coefficient of variation and kurtosis in neutrosophic ratio type estimator given as
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The Bias and MSE of   , to the first order of approximation, are given by 
	Bias ()=
	(15)
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3.4 Neutrosophic Exponential Estimators 
Here, we suggested some neutrosophic exponential type estimators for estimating the mean for the finite population in the presence of auxiliary variables.
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The Bias and Mean square error of , up to first-order approximation are given by
	Bias ()=
	(19)
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Motivated by Singh et al. (2007) we developed a new neutrosophic exponential ratio type estimator for estimating the mean of finite population
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The Bias and Mean square error of , up to first-order approximation are given by
	Bias ()=
	(23)

	MSE ()=
	(24)



3.5 Neutrosophic Generalized Exponential-Type Estimator
Motivated by Khan et al. (2014), we developed a neutrosophic generalized exponential type estimator for estimating the mean of a finite population.
	
	
(25)



where,<  and are two real constant and assumed to be known, and other constant a (a is supposed to be estimated so that  is optimal and mean square error of is minimum.
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The Bias and MSE of  , correct up to first-order approximation are given by
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To obtain the minimum mean square error (MSE) we estimate the value of a. From eq (28) the optimum value of a is given by 
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The minimum MSE of   can be written as follows:
	MSE=
	(30)



4. Numerical Study
As it is a new concept and to the best of authors’ knowledge no work has been done yet on the Neutrosophic Ratio type estimators. So, in this case, we compared the mean square error of Khan et al. (2014) neutrosophic estimator with other proposed neutrosophic estimators to evaluate which neutrosophic ratio type estimator performs more efficiently. The relative efficiencies of these estimators are also computed. For the numerical study, we consider real-life indeterminacy interval data of the past 6 years collected from the weather websites available online free for all, and data is arranged on monthly basis (Temperature of Lahore, Punjab, Pakistan from the year 2014 to 2019) described in (Table 4.1).
	Table (4.1) Populations Characteristics for Single auxiliary variable


	Parameters
	Source: Temperature of Lahore, Punjab, Pakistan from the year 2014 to 2019

	
	N = 30  ,   n = 6

	
	X
	Y
	
	
	

	
	No. of Year
	Average temperature (max, average,  min)
	
	
	

	
	+i
	
	
	
	

	(3.5, 3.5, 3.5)
	(64,54,44)
(72,61,50)
(80,69,58)
(94,82,69)
(102,90,77)
(103,92,81)
(95,87,80)
(95,87,80)
(94.85,77)
(90,79,68)
(79,66,55)
(69,56,45)
	(0.0360,0.0205,0.0345)
(0.0529,0.0440,0.0424)
(0.0454,0.0448,0.0424)
(0.0291,0.02740.0293)
(0.0187,0.0205,0.0282)
(0.0316,0.0264,0.0272)
(0.0171,0.0148,0.0151)
(0.0141,.0.0169,0.0108)
(0.0231,0.0216,0.0254)
(0.0277,0.0312,0.0338)
(0.0233,0.0187,0.0260)
(0.050,0.0508,0.0341)
	(0.53,0.53,0.53)
	(0.40,0.31,0.23)
(0.18,0.09,0.14)
(0.43,0.28,0.17)
(0.60,0.60,0.55)
(-0.04,0.08,0.04)
(-0.23,-0.24,-0.08)
(-0.60,-0.56,-0.49)
(-0.59,-0.59,-0.53)
(0.09,0.05,0.01)
(-0.20,-0.38,-0.39)
(-0.55,-0.20,0.42)
(-0.05,-0.21,-0.14)
	(-1.2 ,-1.2,  -1.2)




Table 4.2: Mean Square Errors of proposed neutrosophic estimators
	
	
	
	
	
	
	


	


	


	Jan
	150.296
107.341
71.321
	112.297
80.518
101.450
	353.937
250.461
166.457
	197.814
138.548
88.118
	35.958
26.293
17.524
	553.683
384.407
256.056
	35.958
26.293
17.524
	0.599
0.145
0.290

	Feb
	192.530
139.745
92.637
	144.580
105.166
131.326
	448.771
324.004
215.414
	253.324
183.523
121.792
	47.858
35.131
23.076
	691.220
493.052
329.540
	47.858
35.131
23.076
	1.872
0.945
0.580

	Mar
	230.338
175.936
127.100
	171.699
131.721
180.555
	545.481
412.654
296.095
	304.895
232.046
167.215
	54.376
42.767
31.492
	863.572
641.843
454.540
	54.376
42.767
31.492
	1.446
1.186
0.794

	Apr
	317.357
239.759
171.925
	236.550
178.791
247.792
	751.088
566.840
406.151
	420.034
317.208
227.393
	74.578
56.501
40.638
	1184.408
891.971
638.383
	74.578
56.501
40.638
	0.641
0.424
0.382

	May
	400.600
306.384
227.968
	301.719
230.485
321.283
	926.224
710.309
527.912
	525.634
402.413
299.282
	100.768
76.490
57.203
	1396.868
1076.996
799.390
	100.768
76.490
57.203
	0.488
0.451
0.635

	Jun
	414.140
330.240
250.553
	313.281
249.613
351.374
	948.458
757.571
577.700
	541.458
432.042
328.406
	107.331
85.078
63.642
	1406.153
1126.068
867.376
	107.331
85.078
63.642
	1.327
0.737
0.638

	Jul
	357.884
300.200
251.726
	270.951
227.014
350.643
	817.730
687.726
577.235
	467.540
392.563
329.292
	93.059
77.469
64.787
	1204.832
1018.401
856.433
	93.059
77.469
64.787
	0.224
0.154
0.148

	Aug
	355.156
297.282
250.028
	268.569
225.027
349.121
	813.637
679.554
574.648
	464.431
388.432
327.349
	91.639
77.206
63.907
	1204.832
1002.090
856.203
	91.639
77.206
63.907
	0.158
0.185
0.072

	Sep
	335.231
274.046
225.191
	252.130
206.230
316.944
	777.626
634.856
520.942
	440.389
359.836
295.527
	83.599
68.582
56.635
	1180.641
961.294
787.001
	83.599
68.582
56.635
	0.624
0.446
0.509

	Oct
	317.327
245.942
185.718
	239.769
186.473
256.450
	728.557
560.292
422.169
	415.273
320.930
242.145
	81.587
64.661
49.153
	1084.909
821.926
616.826
	81.587
64.661
49.153
	0.801
0.685
0.597

	Nov
	247.176
170.871
112.295
	187.437
128.909
160.553
	562.761
393.587
263.438
	322.480
223.891
148.139
	64.973
43.447
27.096
	823.728
589.279
408.647
	64.973
43.447
27.096
	0.309
0.198
0.228

	Dec
	183.098
125.471
79.570
	138.390
95.247
111.150
	420.508
285.307
182.739
	239.601
163.590
104.137
	47.401
33.381
20.478
	629.075
418.511
272.522
	47.401
33.381
20.478
	1.568
1.029
0.311



Table no 4.3: Relative Efficiencies of proposed neutrosophic estimators concerning 
	
	
	
	
	
	
	

	

	


	Jan
	25091.15192
74028.27586
24593.44828
	18747.41235
55529.65517
34982.75862
	59087.97997
172731.7241
57398.96552
	33024.04007
95550.34483
30385.51724
	6003.005008
18133.10345
6042.758621
	92434.5576
265108.2759
88295.17241
	6003.005008
18133.10345
6042.758621
	100
100
100

	Feb
	10284.72222
14787.83069
15971.89655
	7723.290598
11128.67725
22642.41379
	23972.80983
34286.13757
37140.34483
	13532.26496
19420.42328
20998.62069
	2556.517094
3717.566138
3978.62069
	36924.1453
52174.81481
56817.24138
	2556.517094
3717.566138
3978.62069
	100
100
100

	Mar
	15929.32227
14834.40135
16007.55668
	11874.06639
11106.32378
22739.92443
	37723.44398
34793.76054
37291.56171
	21085.40802
19565.43002
21059.82368
	3760.4426
3605.986509
3966.246851
	59721.43845
54118.2968
57246.85139
	3760.4426
3605.986509
3966.246851
	100
100
100

	Apr
	49509.67239
56546.93396
45006.5445
	36903.27613
42167.68868
64867.01571
	117174.415
133688.6792
106322.2513
	65527.92512
74813.20755
59526.96335
	11634.63339
13325.70755
10638.2199
	184775.039
210370.5189
167115.9686
	11634.63339
13325.70755
10638.2199
	100
100
100

	May
	82090.16393
67934.36807
35900.47244
	61827.66393
51105.32151
50595.74803
	189800
157496.4523
83135.74803
	107711.8852
89226.82927
47131.02362
	20649.18033
16960.08869
9008.346457
	286243.4426
238801.7738
125888.189
	20649.18033
16960.08869
9008.346457
	100
100
100

	Jun
	31208.74152
44808.68385
39271.63009
	23608.21402
33868.7924
55074.29467
	71473.85079
102791.1805
90548.58934
	40803.16503
58621.70963
51474.29467
	8088.24416
11543.82632
9975.23511
	105964.8078
152790.7734
135952.3511
	8088.24416
11543.82632
9975.23511
	100
100
100

	Jul
	159769.6429
194935.0649
170085.1351
	120960.2679
147411.6883
236920.9459
	365058.0357
446575.3247
390023.6486
	208723.2143
254911.039
222494.5946
	41544.19643
50304.54545
43775
	537871.4286
661299.3506
578670.9459
	41544.19643
50304.54545
43775
	100
100
100

	Aug
	224782.2785
160692.973
347261.1111
	169980.3797
121636.2162
484890.2778
	514960.1266
367326.4865
798122.2222
	293943.6709
209963.2432
454651.3889
	57999.36709
41732.97297
88759.72222
	762551.8987
541670.2703
1189170.833
	57999.36709
41732.97297
88759.72222
	100
100
100

	Sep
	53722.91667
61445.29148
44241.84676
	40405.44872
46239.91031
62267.97642
	124619.5513
142344.3946
102346.169
	70575.16026
80680.71749
58060.31434
	13397.27564
15377.13004
11126.71906
	189205.2885
215536.7713
154617.0923
	13397.27564
15377.13004
11126.71906
	100
100
100

	Oct
	39616.35456
35903.94161
31108.54271
	29933.70787
27222.33577
42956.44891
	90955.93009
81794.45255
70715.07538
	51844.3196
46851.09489
40560.30151
	10185.64295
9439.562044
8233.333333
	135444.3196
119989.1971
103320.938
	10185.64295
9439.562044
8233.333333
	100
100
100

	Nov
	79992.23301
86298.48485
49252.19298
	60659.2233
65105.55556
70417.98246
	182123.301
198781.3131
115542.9825
	104362.4595
113076.2626
64973.24561
	21026.86084
21942.92929
11884.21053
	266578.6408
297615.6566
179231.1404
	21026.86084
21942.92929
11884.21053
	100
100
100

	Dec
	11677.16837
12193.48882
25585.209
	8825.892857
9256.268222
35739.54984
	26818.11224
27726.62779
58758.5209
	15280.67602
15897.95918
33484.56592
	3023.022959
3244.023324
6584.565916
	40119.57908
40671.62293
87627.65273
	3023.022959
3244.023324
6584.565916
	100
100
100





5. Conclusions
Table (4.2) and Table (4.3) show the numerical results of mean square errors and relative efficiency of the proposed neutrosophic estimators for neutrosophic interval data from the population described in table (4.1). It is observed from the indeterminacy interval results from the Khan et al. (2014), neutrosophic ratio type estimator , is highly efficient than the rest of the other proposed estimators under study in this article. The indeterminacy interval results also indicate that the estimators  and  for are more efficient than all the other estimators except  for the neutrosophic population which has a moderate and low positive or negative correlation between study variable and the auxiliary variable. 
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