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The objective of this research is to compare the efficiency of sample means from
balanced circular systematic sampling (BC), centered circular systematic sampling (CC),
modified balanced circular systematic sampling (MBC) and modified centered circular
systematic sampling (MCC) with linear systematic sampling (LSY) from the population with
linear trend. Population of interest in this research are simulated by statistical software SAS 9.1.
Sample size and population size are based on the sampling fraction. The results show that the
sample means from circular systematic sampling in 4 methods are more efficient than the
sample mean from LSY except when the trend of the population is nonlinear, the population
size is large, the population size is odd or the sample size is even and the sampling fraction is

greater than 30%, the sample mean from LSY is more efficient than those from MBC.
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2.4.2 Modified Centered Circular Systematic Sampling (MCC)
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1. Anunatnsdendesrauuniiszan dade i
1.1 M350enAI981uUVTTLUIBUY (Linear Systematic Sampling : LSY)
1.2 M31a0NAI9819UUD Balanced Circular Systematic Sampling (BC)
1.3 M3 Lﬁaﬂé]’aaf}mmu Centered Circular Systematic Sampling (CC)
1.4 MIADNAI9E19LLL Modified Balanced Circular Systematic Sampling (MBC)

1.5 M3 Lﬁﬂﬂéf”sasimmu Modified Centered Circular Systematic Sampling (MCC)
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Taglufifivzinssiasem e, dagielaii
2.1 e, UMIuINUIMVVUNG
22 Aundgves e iy 0 Wude E(e,) = 0
23 anundlsilsauves e, whiy i dude Var(e,) = i (fmuald o”=1)

ieanin Var(e) = E(e?)-[E(e,)] = E(e?)-0* = E(e’) =0 =it

1

2.4 anuulsdsausanues e, M e, WD 0
. 3 I a 1w
cov(e.e;) = 0 :i#j=12...N vio e unz e; (iludaszdoiu

iiea91n cov(ei,ej):E(e.e.)—E(ei)E(ej):E(e.e.)—(0)(0):E(e.e.):0

1) 1] 1)

o 1 & o 1 A A o =
2.5 MUUAA g G]fﬁlﬂuﬂ"lﬂ\iﬂﬂ’f]ﬂluﬁﬁuﬂﬂﬂﬂ g=0,11as 2

U

Y 1
A o

2.6 Mmualiial =2 uaz p=-10,10 feudwnvenlszansitimsanen
12 duu Ao y,=2—10i+e, uaz y,=2+10i+e,
3. Tundazduuuiiinssiaesdy fnuanalszans (N) tazvinadieds ()
MUANHULYDUAYAIUNT AN (Sampling Fraction) dait
3.1 wwdumygu lunu 5%
N. N=40,n=2 4. N=1,500, n = 69 tay 74
U N=75,n=2uaz 3 9. N=1,725,n=83 1ag 86

fAl. N=100,n=4Uag 5
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dendletauuiszuyinay 4 35 14uA n31eend1981910 Balanced Circular Systematic
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i#j=12,..,N uag g=0,1uaz 2 tazfrnuavIalszIng (N) LHazvuIaa 19814 (n) AN
anyUzVRUAYTIUMIFY Ao wydIumMIgu Y 5% ABAIUMITUNINNI 5% KA

9

= = Yo A
ﬂﬁﬁﬂ‘]&l%&ﬁﬂ\ﬁ?ﬂﬁ%L’é]flﬂulﬂﬂﬁu

=< = = a A U :5 QU ] d' Y =) QU ]

1. msAnyulSeuievdszanimnvesnundenledai lnoinmsiaendieauuy

Balanced Circular Systematic Sampling (BC) 11a2n1351a9nf 308Ny v sz uUB Ay
=2 1 = % 1 9 ag A A A o w
INMIANYT WU N5ADNA29619A87T BC UANRAEV0IANNAAIANADURIAT
1 @ o 1 a a Aa o ] 4 1 1 4 o w
dgounmny 0 nansah ldanlszanimwFiduintvosnunasvesnunaIanaouR 1A

d' 9 A [ 1 9 an A [ (] =1 a Y A [ D%

d04 1A01nN15100NAI9619A187F BC uazmsiaendledauuuissvuiruduiiauviny o

Y = @ A A
AY T1YASIDYALTAIANAITINN 1 LASAITINN 2



31

4 1 { § o 1 a Aa A o o oA
MI19N 1 Llﬁ'ﬂ\iﬂ"lmaEJ"'IJ’rNﬂ’J"IiJﬂﬂ"lﬂLﬂﬁi’)uﬂTa\iﬁﬂﬂLmzﬂTﬂigﬁﬂ‘ﬁﬂWWWQﬁNWWﬁﬁqﬂg{%”lﬂ
A [ L] Y am = [ L] = a 9 d' =\
MSLEaPNAIBE19AIYIT BC LazN15a0na0819uuuNssuuIFuau tilodseansil

wn TduFadu Ao y, =2—10i+e,

g N n f:n/N MSE(?BC) MSE(VLSY) RE
0 40 2 0.050 - - -
0 75 2 0.027 - - -
0 100 4 <5% 0.040 0 5,263.98 0
0 1,500 74 0.049 0 3,518.04 0
0 1,725 86 0.050 0 3,392.81 0
0 25 4 0.160 0 234.86 0
0 40 12 0.300 0 89.18 0
0 75 4 0.053 0 198.18 0
>5%
0 100 30 0.300 0 92.77 0
0 1,500 460 0.307 0 88.98 0
0 1,725 520 0.301 0 94.77 0
1 40 2 0.050 = = -
1 75 2 0.027 p - -
1 100 4 <5%  0.040 0 5,409.59 0
1 1,500 74 0.049 0 3,364.05 0
1 1,725 86 0.050 0 3,264.24 0
1 25 4 0.160 0 231.13 0
1 40 12 0.300 0 92.25 0
1 75 4 0.053 0 195.96 0
>5%
1 100 30 0.300 0 93.58 0
1 1,500 460 0.307 0 89.21 0

1 1,725 520 0.301 0 91.04 0
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M9 1 (99)

g N n f=n/N MsE(, ) Mse(F,,) RE
2 40 2 0.050 . . .
2 75 2 0.027 . . .
2 100 4 <5%  0.040 0 6,142.52 0
2 1500 74 0.049 0 13,202.20 0
2 1725 86 0.050 0 13,495.30 0
2 25 4 0.160 0 395.45 0
2 40 12 0.300 0 128.79 0
2 75 4 0.053 0 3,488.51 0
>5%
2 100 30 0.300 0 207.89 0
2 1500 460 0.307 0 1,770.06 0
2175 520 0.301 0 1,835.68 0

Waee) 1. £ W1 IryaIUNITgN (Sampling Fraction)

= 1 U d’ % 1 9
2. - KUIYD9 ulilﬁnﬂ'iﬂ‘l’ﬂﬂnﬂﬁﬁl@nﬂmﬂllﬂ

H 1 { 4 o o 1 Aa A Y @ P
VniN‘ﬁZ memmﬁﬂﬂlmmmmmmﬁaummﬁmuazmﬂﬁzﬁmmwwmuwmﬁ"lﬁ'mﬂ
A v L] Y am A [ 1 = a 9 d‘i =1
N5180NA20819AI8IT BC LaN151a0nA208 19U VNI UUIFUTY Nolszyns i

wn IduFadu Ao y, =2+10i+e,

g N n f=n/N mse(y, )  Mmse(v,, ) RE
0 40 2 0.050 - - -
0 75 2 0.027 - - -
0 100 4 <5%  0.040 0 5,222.92 0
0 1,500 74 0.049 0 3,445.62 0

0 1,725 86 0.050 0 3,493.93 0




M3199 2 (9D)

g N n f :n/N MSE(VBC) MSE(VLSY) RE
0 25 4 0.160 0 250.73 0
0 40 12 0.300 0 92.18 0
0 75 4 0.053 0 187.83 0
>5%

0 100 30 0.300 0 89.62 0
0 1,500 460 0.307 0 88.24 0
0 1,725 520 0.301 0 97.97 0
1 40 2 0.050 - - e
1 75 2 0.027 - - -
1 100 4 <5% 0.040 0 5,353.41 0
1 1,500 74 0.049 0 3,348.25 0
1 1,725 86 0.050 3,449.84

1 25 4 0.160 0 238.15 0
1 40 12 0.300 0 94.11 0
1 75 4 0.053 0 186.85 0

>5%

1 100 30 0.300 0 95.07 0
1 1,500 460 0.307 0 93.40 0
1 1,725 520 0.301 0 92.41 0
2 40 2 0.050 - - -
2 75 2 0.027 - = -
2 100 4 <5% 0.040 0 6,304.29 0
2 1,500 74 0.049 0 13,638.10 0
2 1,725 86 0.050 0 14,796.50 0
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M3199 2 (9D)

g N n f =n/N MSE(_BC) MSE(VLSY) RE
2 25 4 0.160 0 375.42 0
2 40 12 0.300 0 143.34 0
2 75 4 0.053 0 3,667.55 0
>5%
2 100 30 0.300 0 201.46 0
2 1,500 460 0.307 0 1,846.97 0
2 1,725 520 0.301 0 2,085.04 0

Waenvg 1. f 1I8A9 IAEaIUMI U (Sampling Fraction)
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[ . v ' o w 1 A a A o o oA
ﬂ151\1ﬁ3 Llﬁﬂﬂﬂ"llﬂaEJ"'IJ'PJ\Tﬂ'Tlllﬂa"IﬂLﬂﬁi’)LlfﬂfNﬁﬂ\?uagﬂTﬂigﬁﬂ‘ﬁﬂTWLﬂNﬁﬂJW%ﬁﬁqﬁﬂ"lﬂ

A % L] Y am A @ 1 =1 a 9 d‘i =1
N5180NA20819AI8IT CC LaNI5IaoNA08 LU VNTZULIFUTY Nol sz ns i

un TduFadu Ao y, =2—10i+e,

g N n f=n/N MsE(%,.) MsE(T,,) RE
0 40 2 0.050 : : :
0 75 2 0.027 : : :
0 75 3 0.040 0 5,373.66 0
0 100 4 0.040 0 5,379.48 0
0 100 5 <5% 0.050 0 3,306.51 0
0 1,500 69 0.046 0 3,828.34 0
0 1,500 74 0.049 0 3,336.02 0
0 1,725 83 0.048 0 3,506.54 0
0 1,725 86 0.050 0 3,221.34 0
0 25 3 0.120 0 586.38 0
0 25 4 0.160 0 219.00 0
0 40 9 0225 0 167.93 0
0 0 1 0.300 0 87.76 0
0 75 4 0.053 0 192.50 0
0 75 5 0.067 0 884.52 0
>5%
0 100 25 0250 0 122.42 0
0 100 30 0300 0 94.63 0
0 1500 460 0307 0 87.84 0
0 150  5I5 0343 0 75.12 0
0 1,725 520 0.301 0 91.18 0
0 1,725 535 0.310 0 704.79 0




M3199 3 (9D)
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g N n f :n/N MSE(VCC) MSE(?LSY) RE
1 40 2 0.050 - - -
1 75 2 0.027 3 - -
1 75 3 0.040 0 5,235.34 0
1 100 4 0.040 0 5,093.06 0
1 100 5 <5% 0.050 0 3,229.38 0
1 1,500 69 0.046 0 4,075.72 0
1 1,500 74 0.049 0 3,437.14 0
1 1,725 83 0.048 0 3,623.28 0
1 1,725 86 0.050 0 3,325.21 0
1 25 3 0.120 0 595.56 0
1 25 4 0.160 0 219.00 0
1 40 9 0.225 0 170.51 0
1 40 12 0.300 0 96.77 0
1 75 4 0.053 0 196.63 0
1 75 5 0.067 0 817.51 0
>5%
1 100 25 0.250 0 127.99 0
1 100 30 0.300 0 90.25 0
1 1,500 460 0.307 0 90.75 0
1 1,500 515 0.343 0 71.53 0
1 1,725 520 0.301 0 97.08 0
1 1,725 535 0.310 0 706.22 0




M3199 3 (9D)
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g N n f :n/N MSE(VCC) MSE(?LSY) RE
2 40 2 0.050 - - -
2 75 2 0.027 > - -
2 75 3 0.040 0 5,968.19 0
2 100 4 0.040 0 6,076.45 0
2 100 5 <5% 0.050 0 3,916.65 0
2 1,500 69 0.046 0 14,971.70 0
2 1,500 74 0.049 0 14,060.90 0
2 1,725 83 0.048 0 16,002.80 0
2 1,725 86 0.050 0 14,778.50 0
2 25 3 0.120 0 664.00 0
2 25 4 0.160 0 389.85 0
2 40 9 0.225 0 223.53 0
2 40 12 0.300 0 140.84 0
2 75 4 0.053 0 3,499.95 0
2 75 5 0.067 0 2,304.53 0
>5%
2 100 25 0.250 0 256.03 0
2 100 30 0.300 0 206.40 0
2 1,500 460 0.307 0 1,690.67 0
2 1,500 515 0.343 0 1,575.93 0
2 1,725 520 0.301 0 1,971.34 0
2 1,725 535 0.310 0 1,955.47 0

Waenyg 1. f 1899 IAEaIUNI U (Sampling Fraction)

= ] 1 d' [ 1 Y
2. - ©UY03 lliJﬁ'"IﬂJ"liﬂﬁ"lﬂHﬂﬁEJ@]’JﬂEJNllﬂ



38

[ . v ' o w 1 A a A o o oA
ﬂ151\1ﬁ4 Llﬁﬂﬂﬂ"llﬂaEJ"'IJ'PJ\Tﬂ'Tlllﬂa"IﬂLﬂﬁi’)LlfﬂfNﬁﬂ\?uagﬂTﬂigﬁﬂ‘ﬁﬂTWLﬂNﬁﬂJW%ﬁﬁqﬁﬂ"lﬂ

A % L] Y am A @ 1 =1 a 9 d‘i =1
N5180NA20819AI8IT CC LaNI5IaoNA08 LU VNTZULIFUTY Nol sz ns i

wn IduFadu Ao y, =2+10i+e,

g N n f :n/N MSE(?CC) MSE(VLSY) RE
0 40 2 0.050 - - -
0 75 2 0.027 - - -
0 75 3 0.040 0 5,229.20 0
0 100 4 0.040 0 5,001.29 0
0 100 5 <5% 0.050 0 3,256.52 0
0 1,500 69 0.046 0 3,930.11 0
0 1,500 74 0.049 0 3,212.24 0
0 1,725 83 0.048 0 3,518.48 0
0 1,725 86 0.050 0 3,270.53 0
0 25 3 0.120 0 572.57 0
0 25 4 0.160 0 225.96 0
0 40 9 0.225 0 164.50 0
0 40 12 0.300 0 93.08 0
0 75 4 0.053 0 196.07 0
0 75 5 0.067 0 818.85 0
>5%
0 100 25 0.250 0 129.38 0
0 100 30 0.300 0 91.31 0
0 1,500 460 0.307 0 89.98 0
0 1,500 515 0.343 0 67.78 0
0 1,725 520 0.301 0 89.82 0
0 1,725 535 0.310 0 706.90 0




M990 4 (9D)
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g N n f :n/N MSE(?CC) MSE(VLSY) RE
1 40 2 0.050 - - -
1 75 2 0.027 = - -
1 75 3 0.040 0 5,119.69 0
1 100 4 0.040 0 5,238.67 0
1 100 5 <5% 0.050 0 3,281.77 0
1 1,500 69 0.046 0 4,171.07 0
1 1,500 74 0.049 0 3,355.01 0
1 1,725 83 0.048 0 3,633.39 0
1 1,725 86 0.050 0 3,225.60 0
1 25 3 0.120 0 578.16 0
1 25 4 0.160 0 219.42 0
1 40 9 0.225 0 174.73 0
1 40 12 0.300 0 94.52 0
1 75 4 0.053 0 186.56 0
1 75 5 0.067 0 829.24 0
>5%
1 100 25 0.250 0 121.95 0
1 100 30 0.300 0 94.36 0
1 1,500 460 0.307 0 90.37 0
1 1,500 515 0.343 0 71.13 0
1 1,725 520 0.301 0 93.19 0
1 1,725 535 0.310 0 709.02 0




M990 4 (9D)
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g N n f :n/N MSE(?CC) MSE(VLSY) RE
2 40 2 0.050 - - -
2 75 2 0.027 = - -
2 75 3 0.040 0 5,592.20 0
2 100 4 0.040 0 6,249.18 0
2 100 5 <5% 0.050 0 3,842.26 0
2 1,500 69 0.046 0 15,218.60 0
2 1,500 74 0.049 0 13,229.10 0
2 1,725 83 0.048 0 16,296.70 0
2 1,725 86 0.050 0 14,392.50 0
2 25 3 0.120 0 654.54 0
2 25 4 0.160 0 369.64 0
2 40 9 0.225 0 232.94 0
2 40 12 0.300 0 126.49 0
2 75 4 0.053 0 3,408.44 0
2 75 5 0.067 0 2,277.04 0
>5%
2 100 25 0.250 0 265.87 0
2 100 30 0.300 0 212.36 0
2 1,500 460 0.307 0 1,777.21 0
2 1,500 515 0.343 0 1,434.69 0
2 1,725 520 0.301 0 2,064.08 0
2 1,725 535 0.310 0 2,034.58 0
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DRTRIIT,

g N n f :n/N MSE(VMBC) MSE(VLSY) RE

0 40 2 0.050 0.2828 3,219.23 0.00009
0 100 4 <5% 0.040 0.2179 5,333.21 0.00004
0 1,500 74 0.049 0.0141 3,398.47 0

0 40 12 0.300 0.0877 89.64 0.00098
0 100 30 >5% 0.300 0.0339 90.38 0.00038
0 1,500 460 0.307 0.0016 89.72 0.00002
1 40 2 0.050 5.6836 3,319.98 0.00171
1 100 4 <5% 0.040 11.5929 5,310.13 0.00218
1 1,500 74 0.049 11.6356 3,215.76 0.00362
1 40 12 0.300 1.8768 92.35 0.02032
1 100 30 >5% 0.300 1.8785 91.68 0.02049
1 1,500 460 0.307 1.8884 90.91 0.02077
2 40 2 0.050 175.6690 3,664.75 0.04793
2 100 4 <5% 0.040 878.3850 5,654.14 0.15535
2 1,500 74 0.049 13,094.9000 14,226.10 0.92049
2 40 12 0.300 45.9970 133.28 0.34513
2 100 30 >5% 0.300 112.3130 200.37 0.56053
2 1,500 460 0.307 2,103.2000 1,782.07 1.18020

WaNENvg £ ¥UeD eIy (Sampling Fraction)
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DRTRIIT,

g N n f :n/N MSE(?MBC) MSE(?LSY) RE

0 40 2 0.050 0.2702 3,506.53 0.00008
0 100 4 <5% 0.040 0.2191 5,056.46 0.00004
0 1,500 74 0.049 0.0137 3,442.46 0

0 40 12 0.300 0.0803 87.96 0.00091
0 100 30 >5% 0.300 0.0333 88.08 0.00038
0 1,500 460 0.307 0.0016 88.20 0.00002
1 40 2 0.050 6.2806 3,248.93 0.00193
1 100 4 <5% 0.040 11.6647 5,117.35 0.00228
1 1,500 74 0.049 11.6825 3,365.45 0.00347
1 40 12 0.300 0.8025 90.25 0.00889
1 100 30 >5% 0.300 1.6714 95.82 0.01744
1 1,500 460 0.307 1.8897 89.62 0.02108
2 40 2 0.050 187.0590 3,638.95 0.05140
2 100 4 <5% 0.040 843.8980 6,201.47 0.13608
2 1,500 74 0.049 12,679.9000 13,160.90 0.96345
2 40 12 0.300 46.3076 134.93 0.34321
2 100 30 >5% 0.300 104.2140 201.41 0.51742
2 1,500 460 0.307 2,113.3700 1,620.63 1.30405

WaNENvg £ ¥UeD eIy (Sampling Fraction)
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g N n f :n/N MSE(?MBC) MSE(?LSY) RE

0 75 2 0.027 0.4000 12,215.60 0.00003
<5%

0 1,725 86 0.050 0.0186 3,475.19  0.00001

0 25 4 0.160 0.1534 233.99 0.00066

0 75 4 >5% 0053 0.1014 186.67 0.00054

0 1,725 520 0.301 0.0022 94.80 0.00002

1 75 2 0.027 15.7471 11,603.80 0.00136
<5%

1 1,725 86 0.050 16.2142 4,387.91 0.00370

1 25 4 0.160 2.1310 228.53 0.00933

1 75 4 >5%  0.053 2.1426 171.41 0.01250

1 1,725 520 0.301 2.1584 93.51 0.02308

2 75 2 0.027 722.3020 12,659.20  0.05706
<5%

2 1,725 86 0.050  13,844.2000 14,382.40  0.96258

2 25 4 0.160 41.9501 378.45 0.11085

2 75 4 >5%  0.053 515.1330 3,424.64  0.15042

2 1,725 520 0301 2,551.4300 1,973.78  1.29266

Waetie) £ M09 IAMYAIUNITGN (Sampling Fraction)
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g N n f :n/N MSE(VMBC) MSE(VLSY) RE

0 75 2 0.027 0.4059 12,094.10 0.00003
<5%

0 1,725 86 0.050 0.0177 3,329.85  0.00001

0 25 4 0.160 0.1656 221.51 0.00075

0 75 4 >5% 0053 0.1249 193.97 0.00064

0 1,725 520 0.301 0.0022 90.07 0.00002

1 75 2 0.027 13.5887 11,912.80 0.00114
<5%

1 1,725 86 0.050 14.6465 3,604.14 0.00406

1 25 4 0.160 2.1016 228.59 0.00919

1 75 4 >5% 0.053 2.1488 174.43 0.01232

1 1,725 520 0.301 2.1698 98.19 0.02210

2 75 2 0.027 765.4960 12,597.80  0.06076
<5%

2 1,725 86 0.050  13,744.8000 14,947.50  0.91954

2 25 4 0.160 41.4135 379.56 0.10911

2 75 4 >5%  0.053 439.2190 3,437.60  0.12777

2 1,725 520 0301 2,611.1700 2,088.88  1.25003

WaNEyg £ ¥UeD e dIuNgY (Sampling Fraction)
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A

g N n f=n/N MSE(%,,. ) MsE(T.,) RE

0 75 3 0.040 0.2031 5,261.95 0.00004
<5%

0 1,725 83 0.048 0.0179 3,646.57 0.00000

0 25 3 0.120 0.2241 595.74 0.00038

0 75 5 >5%  0.067 0.1510 819.91 0.00018

0 1,725 535 0.310 0.0023 705.39 0

1 75 3 0.040 7.4985 5,141.23 0.00146
<5%

1 1,725 83 0.048 14.2112 3,689.96 0.00385

1 25 3 0.120 3.5348 569.71 0.00620

1 75 S >5% 0.067 16.3104 803.20 0.02031

1 1,725 535 0.310 17.9652 702.76 0.02556

2 75 3 0.040 354.5470 5,824.72 0.06087

2 1,725 83 At 0.048 14,284.0000 15,472.40  0.92319

2 25 3 0.120 63.5716 650.74 0.09769

2 75 5 >5%  0.067 308.5570 2,201.68 0.14015

2 1,725 535 0.310 2,758.9900 2,032.06 135773

Waetie) £ M09 IAMYAIUNITGN (Sampling Fraction)
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g N n f :n/N MSE(VMBC) MSE(VLSY) RE

0 75 3 0.040 0.1901 5,143.97 0.00004
<5%

0 1,725 83 0.048 0.0190 3,732.94 0.00001

0 25 3 0.120 0.2757 576.76 0.00048

0 75 5 >5% 0.067 0.1430 818.02 0.00017

0 1,725 535 0.310 0.0022 705.67 0

1 75 3 0.040 7.6690 5,131.89 0.00149
<5%

1 1,725 83 0.048 13.8502 3,598.80 0.00385

1 25 3 0.120 3.5100 588.11 0.00597

1 75 5 >5% 0.067 15.0126 821.25 0.01828

1 1,725 535 0.310 17.4091 686.21 0.02537

2 75 3 0.040 348.5690 6,094.42 0.05719
<5%

2 1,725 83 0.048 14,911.4000 15,842.60  0.94122

2 25 3 0.120 62.0792 668.00 0.09293

2 75 5 >5% 0.067 367.9000 2,789.65 0.13188

2 1,725 535 0.310 2,563.1000 1,982.39 1.29293

Waetie) £ M09 IAMYAIUNITGN (Sampling Fraction)
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g N n f=n/N MSE(F,,.) MsE(T.,) RE

0 100 5 0.050 0 3,247.60 0
<5%

0 1500 69 0.046 0 4,172.49 0

0o 40 9 0225 0 165.92 0

0 100 25 >5% 0250 0 129,88 0

0 1,500 515 0.343 0 69.59 0
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M3190 11 (99)

g N n f=n/N MSE(7,,.) MsE(T.,) RE
1 100 s 0.050 0 3,264.86 0
<5%
I 1500 69 0.046 0 3,817.52 0
1 0 9 0225 0 162.85 0
1100 25 5% 0250 0 129.65 0
11500 515 0343 0 68.29 0
2 100 s 0.050 0 391933 0
<5%
2 1500 69 0.046 0 15,296.50 0
2 4 9 0225 0 228.92 0
2100 25 »59% 0250 0 269.39 0
2 1500 515 0343 0 1,483.44 0

WaEyg £ ¥UeD3 11Uy (Sampling Fraction)
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g N n f=n/N MSE( 7, ) Mse(v,,) RE

0 100 5 0.050 0 3,316.06 0
<5%

0 1500 69 0.046 0 4,071.36 0

0 40 9 0.225 0 167.06 0

0 100 25 >5%  0.250 0 126.77 0

0 1,500 515 0.343 0 72.37 0
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M3199 12 (619)

g N n f=n/N MSE(7,,.) MsE(T.,) RE
1100 s 0.050 0 3,432.60 0
<5%
11500 69 0.046 0 4,070.27 0
1 4 9 0225 0 169.18 0
I 100 25 5% 0250 0 127.43 0
I 150 515 0343 0 7237 0
2 100 s 0.050 0 3,965.11 0
<5%
2 1500 69 0.046 0 14,512.80 0
2 40 9 0.225 0 218.22 0
2100 25 5% 0250 0 262.06 0
2 1500 515 0343 0 1,511.46 0
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g N n f =n/N MSE(VMCC) MSE(?LSY) RE
0 75 3 0.040 0.3455 5,378.78 0.00006
<5%
0 1,725 83 0.048 0.0117 3,634.53 0
0 25 3 0.120 0.3295 593.49 0.00056
0 75 5 >5% 0.067 0.2014 819.81 0.00025

0 1,725 535 0.310 0.0018 409.40 0
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M3199 13 (99)

g N n f =n/N MSE(?MCC ) MSE(VLSY ) RE
1 75 3 0.040 11.8070 5,235.74 0.00226
<5%

1 1,725 83 0.048 12.4620 4,117.49 0.00303
1 25 3 0.120 4.2984 578.57 0.00743
1 75 5 >5% 0.067 7.3602 815.98 0.00902
1 1,725 535 0.310 7.4950 405.98 0.01846
2 75 3 0.040 693.7250 5,694.40 0.12183
2 1,725 83 S 0.048 11,675.3000 15,879.20 0.73526
2 25 3 0.120 70.2966 662.40 0.10613
2 75 5 >5% 0.067 379.1380 2,342.14 0.16188
2 1,725 535 0.310 1,744.5500 1,961.07 0.88959

Waetie) £ M09 IAYAIUNITGN (Sampling Fraction)
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g N n f:N/n MSE(?MCC) MSE(VLSY) RE
0 75 3 0.040 0.3549 5,317.30 0.00007
<5%
0 1,725 83 0.048 0.0123 3,468.66 0
0 25 3 0.120 0.3450 575.38 0.00060
0 75 5 >5% 0.067 0.1906 1,832.56 0.00010

0 1,725 535 0.310 0.0019 88.48 0.00002
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M3199 14 (99)

g N n f =n/N MSE(?MCC ) MSE(VLSY ) RE
1 75 3 0.040 11.2489 5,058.05 0.00231
<5%

1 1,725 83 0.048 11.6916 3,609.57 0.00312
1 25 3 0.120 4.5065 570.7800 0.00790
1 75 5 >5% 0.067 8.0077 1,955.1200 0.00920
1 1,725 535 0.310 8.1236 435.7477 0.01864
2 75 3 0.040 623.8670 5,622.63 0.11096
2 1,725 83 > 0.048 11,521.6000 15,020.10 0.76708
2 25 3 0.120 71.8584 633.04 0.11351
2 75 5 >5% 0.067 393.4340 2,266.39 0.17360
2 1,725 535 0.310 1,874.3700 1,935.05 0.96864

WANEyg £ MUeD9 I aIuNIgY (Sampling Fraction)
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ﬂ1§1\1‘ﬁ 15 Llﬁﬂﬂﬂuﬂame@Qﬂ'JﬁJﬂﬂTﬂmﬁﬂuﬂTE‘]QﬁﬂQLLﬂgﬂTﬂi%ﬁ‘V]‘ﬁﬂTWL%Qﬁ?J'W‘V]‘ﬁﬁllg])ﬁ]”Iﬂ

= @ 1 9 ag A [ ] =\ a Y A
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g N n f =n/N MSE(?MCC ) MSE(?LSY ) RE
0 40 2 0.050 - - -
0 75 2 0.027 - - -
0 100 4 0.040 0 5,189.20 0
0 100 5 <5%  0.050 0 3,471.43 0
0 1,500 69 0.046 0 3,985.36 0
0 1,500 74 0.049 3,472.90

0 1,725 86 0.050 3,309.76

0 25 4 0.160 0 325.74 0
0 40 9 0.225 0 170.42 0
0 40 12 0.300 0 92.41 0
0 75 4 0.053 0 2,965.28 0
0 100 25 >5% 0.250 0 123.72 0
0 100 30 0.300 0 90.29 0
0 1,500 460 0.307 0 91.31 0
0 1,500 515 0.343 0 72.15 0
0 1,725 520 0.301 0 93.20 0
1 40 2 0.050 - - -
1 75 2 0.027 - - -
1 100 4 0.040 0 5,290.95 0
1 100 5 <5% 0.050 0 3,288.73 0
1 1,500 69 0.046 0 3,982.32 0
1 1,500 74 0.049 0 3,337.07 0
1 1,725 86 0.050 0 3,291.12 0




M3199 15 (99)

g N n f=n/N MSE(V,.. ) MSE(T,, ) RE
! 25 4 0.160 0 305.61 0
! 40 9 0.225 0 174.33 0
! 40 12 0.300 0 93.69 0
! 75 4 0.053 0 2,904.82 0
! 100 25 >5% 0250 0 131.28 0
! 100 30 0.300 0 94.78 0
! 1,500 460 0.307 0 92.26 0
! 1,500 515 0.343 0 70.14 0
! 1,725 520 0.301 0 97.25 0
2 40 2 0.050 - - -
2 75 2 0.027 - - -
2 100 4 0.040 0 5,954.74 0
2 100 5 <5%  0.050 0 4,013.21 0
2 1,500 69 0.046 0 14,697.70 0
2 1,500 74 0.049 0 12,855.90 0
2 1,725 86 0.050 0 14,992.60 0
2 25 4 0.160 0 371.77 0
2 40 9 0.225 0 225.94 0
2 40 12 0.300 0 135.36 0
2 75 4 0.053 0 3,324.15 0
2 100 25 >5%  0.250 0 245.65 0
2 100 30 0.300 0 205.72 0
2 1,500 460 0.307 0 1,807.77 0
2 1,500 515 0.343 0 1,541.25 0
2 1,725 520 0.301 0 1,906.23 0

Waeyg 1. f 11899 IAEaIUNI U (Sampling Fraction)
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dedududmaug

g N n f =n/N MSE(?MCC ) MSE(?LSY ) RE
0 40 2 0.050 - - -
0 75 2 0.027 - - -
0 100 4 0.040 0 5,251.39 0
0 100 5 <5% 0050 0 3,538.40 0
0 1,50 69 0.046 0 4,051.73 0
0 1,500 74 0.049 3,518.95

0 1,725 86 0.050 3,257.88

0 25 4 0.160 0 331.88 0
0 40 9 0.225 0 165.43 0
0 40 12 0.300 0 89.17 0
0 75 4 0.053 0 2,974.52 0
0 100 25 >5% 0.250 0 125.81 0
0 100 30 0.300 0 91.75 0
0 1,500 460 0.307 0 86.99 0
0 1,500 515 0.343 0 71.06 0
0 1,725 520 0.301 0 91.18 0
1 40 2 0.050 - - -
1 75 2 0.027 - - -
1 100 4 0.040 0 5,251.71 0
1 100 5 <5% 0.050 0 3,345.30 0
1 1,500 69 0.046 0 3,936.66 0
1 1,500 74 0.049 0 3,498.81 0
1 1,725 86 0.050 0 3,209.09 0




M3199 16 (99)

g N n f :n/N MSE(?MCC) MSE(VLSY) RE
1 25 4 0.160 0 319.01 0
1 40 9 0.225 0 167.11 0
1 40 12 0.300 0 96.13 0
1 75 4 0.053 0 2,948.35 0
1 100 25 >5% 0.250 0 127.30 0
1 100 30 0.300 0 96.14 0
1 1,500 460 0.307 0 87.89 0
1 1,500 515 0.343 0 71.58 0
1 1,725 520 0.301 0 95.52 0
2 40 2 0.050 = 3 -
2 75 2 0.027 - e -
2 100 4 0.040 0 6,085.34 0
2 100 5 <5% 0.050 0 3,970.13 0
2 1,500 69 0.046 0 13,983.90 0
2 1,500 74 0.049 0 13,051.90 0
2 1,725 86 0.050 0 15,884.10 0
2 25 4 0.160 0 378.09 0
2 40 9 0.225 0 237.24 0
2 40 12 0.300 0 145.60 0
2 75 4 0.053 0 3,321.44 0
2 100 25 >5% 0.250 0 278.33 0
2 100 30 0.300 0 189.12 0
2 1,500 460 0.307 0 1,805.44 0
2 1,500 515 0.343 0 1,484.58 0
2 1,725 520 0.301 0 1,984.73 0

Waee) 1. £ W1 IyaIUNI5gN (Sampling Fraction)
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MIT1aONAI9819U VY Balanced Circular Systematic Sampling
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labell = A
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1529105 (N) eunmmua

W msiaostoyarsznnsiivu Wudududien =2 p=-10uaz g =0

!ﬁ@ N=40

data select_i;

doi=1to40; /*N=40%/

output;end;run;

data linear0; set select_i(keep=i);

y=2-10*i+rannor(-1);  /*alpha=2, beta=-10 and g=0*/

proc print; run;

Fuii 2 madondiethauiiszuuienay 4 Sauazmsdendethauuiiszunduda
iAond06199 103 MaIAeNE0e LT T2 IR 5 38 §rovinadszring N) uaz

YUIAAIDY (n) AUNMAUA

#210619A15109NA 88 NUVY Balanced Circular Systematic Sampling o N =401z n =12
data select i;

doi=11to40; /*N=40%/

output; end;

proc surveyselect method=srs rep=1 sampsize=1 noprint out=select ii;

run;

data select_labell; set select _ii;

n=12; /*n=12%/

NN=40; /*N=40%/

k=int(NN/n);

do j=1 to n/2;
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if 1<=i+2*(j-1)*k<=NN then label I=i+2*(j-1)*k;

else if i+2*(j-1)*k>NN then label1=i+2*(j-1)*k-NN;

output;end;run;

data select label2; set select _ii; set select_labell(keep=n NN);

k=int(NN/n);

do j=1 to n/2;

if (2*j*k)-i+1<1 then label2=(2*j*k)-i+1+NN;

else if 1<=(2*j*k)-i+1<=NN then label2=(2*j*k)-i+1;

output;end;run;

data select_label;

set select_labell(rename=(label1=label))
select_label2(rename=(label2=label));

run;

data selectsmp; set select label;

set linear(0 point=label; keep n NN i y;

proc sort; by y;

proc print; run;

10619 151E9NFI06 1LY Centered Circular Systematic Sampling 1119 N = 1,500 8% n = 69
data n;

n=69; /*n=69%/

NN=1500; /*N=1500%*/

k=int(NN/n);

i=NN/2; run;

data select_labell; set n;

do j=1ton;

if 1<=i+(j-1)*k<=NN then label1=i+(j-1)*k;

else if i+(j-1)*k>NN then label1=i+((j-1)*k-NN);
output;end;run;

data select_label;
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set select_labell (rename=(label1=label));
run;

data selectsmp; set select_label;

set linear(0 point=label; keep n NN i y;
proc sort; by y;

proc print; run;

f10619M151A9NA10819U VY Modified Balanced Circular Systematic Sampling !ﬁ@ N=1725
uag n =520

data select_i;

do i=1 to 1725; /*N=1725%/

output; end;

proc surveyselect method=srs rep=1 sampsize=1 noprint out=select _ii;
run;

data select_labell; set select ii;

n=520; /*n=520%/

NN=1725;  /*N=1725%/

k=int(NN/n);

do j=1 to n/2;

if 1<=i+2*(j-1)*k<=NN then label1=i+2*(j-1)*k;

else if NN<i+2*(j-1)*k then label I=i+2*(j-1)*k-NN;
output;end;run;

data select label2; set select _ii; set select_labell(keep=n NN);
k=int(NN/n);

do j=1 to n/2;

if 0<=i+2*(j-1)*k-1<NN then label2=NN-i-2*(j-1)*k+1;

else if NN<=i+2*(j-1)*k-1 then label2=2*NN-i-2*(j-1)*k+1;
output;end;run;

data select_label;



set select_labell (rename=(labell=label))
select_label2(rename=(label2=label));

run;

data selectsmp; set select_label;

set linear(0 point=label; keep n NN i y;

proc sort; by y;

proc print; run;

76

#10819N15129NA 108 UV Modified Centered Circular Systematic Sampling 138 N = 25 uag

n=3

data n;

n=3; /*n=3%/

NN=25; /*N=25%/

k=int(NN/n);

i=(NN+1)/2; run;

data select_labell; set n;

do j=1 to (n+1)/2;

label1=i+(j-1)*k;

output;end;run;

data select_label2; set n;

do j=2 to (n+1)/2;

label2=i-(-1)*k;

output;end;run;

data select_label;

set select_labell (rename=(labell=label))
select_label2(rename=(label2=label));

run;

data selectsmp; set select_label;

set linear(0 point=label; keep n NN i y;

proc sort; by y;
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proc print; run;

fredrmsidondrecamuiszyuFuduio N = 100 uag n = 25

data sysl; set linear0;

proc surveyselect data=sys1 method=sys sampsize=25 out=sys2; /*n=25%/
proc print; run;

v
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d' o \ d' U ) \ 1 d' o |l
AUN 3 MIMuIanRagalegsazmanulssivvesnmasnioy

Fr089msAIA IR aeA 0 as AN T TIuveeR uREes 108 101101511
AunaoiI06198635Una

libname sampling 'C:\Documents and Settings\GRAND STUDENT\Desktop\data';

proc printto log="C:\Documents and Settings\GRAND_ STUDENT\Desktop\data\log.txt'
print='"C:\Documents and Settings\GRAND STUDENT\Desktop\data\print.txt'; run;

data change; set selectsmp(keep=y);

proc transpose prefix=x out=new(drop = name );

data mean; set new;

mean=mean(of x:);

proc append base=sampling.meanl;

proc print; run;

fr0d19n AL IaA R AefIeg LAz AT W YeA R Ae 1881l 011N 151
ﬂﬁmﬁﬂﬁﬁ)@ﬂﬁd!ﬂlﬂ Corrected sample mean

data yi; set selectsmp;

if y then yi=2-10*y;  /*alpha=2, beta=-10 and g=0%*/

data changel; set yi(keep=y);

proc transpose prefix=xx out=new1(drop = name );

data change2; set yi(keep=yi);

proc transpose prefix=yx out=new2(drop = name );

data xj; set new1;



array a{*} numeric_;

do j=2 to dim(a)-1;

xj=aiji;

output; end; keep xj ;

data yj; set new2;

array a{*} numeric_;

do j=2 to dim(a)-1;

yi=aij};

output; end; keep yj ;

data changel; set xj(keep=xj);

proc transpose prefix=x out=new3(drop = name_);

data change2; set yj(keep=yj);

proc transpose prefix=y out=new4(drop = name_);

data sum_y; set new4;

sum_y=sum(of y:);

keep sum _y;

data sum_x; set new3;

sum_x=sum(of x:);

keep sum_x;

data E1_S11 _S12; set sum_x; set newl; set select labell(keep=n NN)
E1=(n*(NN+1)/2)-sum_x;

S11=(E1-2*xx12)/(xx1-xx12); /*n=12%/
S12=2*xx1-E1)/(xx1-xx12); /*n=12%/

data mean; set E1_S11_S12; set new2; set sum_y; set newl;
mean=((S11*yx1)+(sum_y)+(S12*yx12))/n;  /*n=12%/
keep mean xx:;

proc append base=sampling.meanl;

proc print; run;
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