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S FEHEHETEL X 5 &3 55 (the method of ranked set sampling) (%, FioD 22om
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AT X, o5t 5 HRBE e (2, B0 L 51, BADE X (—HHA) T1.5THD,
F72, %L OHMHTITEWELZ RS (Takahasi and Wakimoto (1968) o Table 1 &%),
LoAT, B ERBEROBTFHORETHY, IFETHIIERIMER I h 5 L &1, &
KCEENHZERMOBEOMICEB IR - T A EXEBEINRS, e 2iE, KN1DIE
TR D mo#EE (1000 @5 5) % 16 BO/NEAHEIFETHEL, T2 ToBEE 4501 C
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DIBEHEDOHEE D BEMITH D LD 2L THD (ILrOBEMNLOKREMEELL, T
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2. AREBEFOBFHE IS 2IRMIFROF A
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DIEAEND 2 b DF xExe= 1w £F5, SOBEANLRE S ¥y OEMEIES
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X DIEF
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3. FBA4OEBRBERICE T 3BT DOIES

(7)

n=2 DHEDRBE e, &, (2.19), (2.23) XAV5Z Lic X » T, AROFRBER
LCHMEMCRD S Z E0TED, ZOED BHEMHEMAMNESBERDO 21 7 ILL - T, £D
LB TADERANDLZETHBD, EREBEMEKDOWTFhTED HT:

B BHEG MO SRR F(x) &35,

(i) X(i):F<‘_]\Tg_T), i=1,2,..., N,
(i) xo=Fx)»bDOXKEE N OFEARD { #F B OIEFHTEDLIEFE,
i=1,2,...,N,

(iii) F(x) 2B KEE N OERDOEHLE.

BREOAR L LT, —#Eom (U T, EfSA (G tFD), BEsMm (Etkd), M
B 2RC0507 1 TAn(W2, W5TET), MK 2RV0.50F vy ~5MmI2, .5
TF3), N, 1) & NG, 1) DR 1/2DEEDH (MG TET) &9 EFs. DIUF),
D2F) D3(F) TErnFhExmomF b (1), (i), (i) DAETCE-CEREE—R®ZE
Tz EimT 5, '

#1. RyDfE

N 4 8 16 20 40 60 80 100 | 2007 | 400
HEM
DUU) 0.53310.419 | 0.37310.365|0.349 | 0.344 | 0.341 | 0.339 | 0.336 | 0.335
DU(G) 0.517 | 0.409 | 0.364 | 0.356 | 0.339 | 0.333 | 0.330 | 0.328 | 0.324 | 0.321
DUE) 0.468 | 0.363 1 0.316 | 0.307 | 0.286 | 0.278 | 0.273 | 0.270 | 0.263 | 0.258
D2AE) 0.435]0.339 | 0.298 | 0.289 | 0.272 | 0.266 | 0.263 | 0.260 | 0.256 | 0.253
DIMG) | 0.628|0.415]0.364 | 0.355|0.339 | 0.334 | 0.331 | 0.330| 0.327 | 0.325
DI(W2) | 0.515| 0.406 | 0.361 | 0.352 | 0.335 | 0.329 | 0.326 | 0.324 | 0.320 | 0.317
DI(W.5) | 0.308 | 0.239 ] 0.202 | 0.194 | 0.172 | 0.163 | 0.157 | 0.152 | 0.141 | 0.133

#£2. RyDfE

N 4 8 16 20 40 60 80 100 | 200 | 400
HERM
D3(U) 0.650 | 0.404 | 0.361 | 0.357 | 0.344 | 0.341 | 0.339 | 0.338 | 0.335 | 0.334
D3(U) 0.384 | 0.408 | 0.353|0.352 | 0.347 | 0.342 | 0.337 | 0.337{ 0.336 | 0.334
D3(G) 0.536 | 0.382|0.343|0.348 | 0.317 | 0.330 | 0.324 | 0.331{ 0.325| 0.321
D3(G) 0.223]0.369|0.336|0.317 | 0.333 | 0.332{ 0.308 | 0.332| 0.311 | 0.319
D3(E) 0.225 ] 0.331|0.306 | 0.305| 0.240 | 0.230 | 0.310 | 0.241 | 0.284 | 0.269
D3(E) 0.519 | 0.242 | 0.348 | 0.267 | 0.258 | 0.293 | 0.315 | 0.227 | 0.255 | 0.245
D3(I'2) |0.28110.347]0.303]0.314 | 0.286 | 0.324 ] 0.291 | 0.320 | 0.298 | 0.298
D3(I"2) | 0.188]0.413 | 0.205 | 0:333]0.327 | 0.280 | 0.290 | 0.274 | 0.285 | 0.290
D3(I"5) | 0.061]0.252 | 0.267 | 0.310 | 0.246 | 0.235 [ 0.169 | 0.240 | 0.146 | 0.182
D3(I".5) 10.025|0.393(0.275|0.148 | 0.227 | 0.229 | 0.199 | 0.242 | 0.204 | 0.226




#3. xR (N=64)

13

SR 1 2 3 4 5 6 7 8 9 10 11 12 14 15 16
DI(U) 1.53 1.56 1.59 1.63 1.67 1.71 1.76 1.82 1.89 1.96 2.06 2.17 2.32 2.50 2.74 3.08
DI(G) 1.51 1.54 1.56 1.60 1.63 1.67 1.72 1.77 1.83 1.91 1.99 2.10 2.23 2.39 2.60 2.89
D1U(MG) 1.51 1.54 1.57 1.60 1.64 1.68 1.72 1.78 1.84 1.91 2.00 2.10 2.23 | 2.40 » 2A61v 2.91
DI(E) vl.39 1.41 1.43 1.45 1.48 1.50 1.53 1.57 1.61 1.66 1.71 | 1.77 1.85 1.94 2.05 2.19
D2(E) 1.37 1.39 1.40 1.42 1.45 | 1.47 1.50 1.53 1.57 1.61 1.66 1.72 1.78 1.87 1.97 | 2.09
D1(W?2) 1.50 1.53 1.55 1.59 1.62 1.66 1.71 1.76 1.82 1.89 1.97 2.07 2.19 2.35 2.55 2.83
D1(W .5) 1.20 1.20 1.21 1.22 1.23 1.24 1.25 1.27 1.28 1.30 1.32 1.34 1.36 1.39 1.43 1.46
D3(I'2) 1.44 1.46 1.48 1.51 1.54 1.57 1.61 1.65 1.70 1.75 1.82 1.90 1.99 2.11 2.25 2.44
D3(I'2) 1.46 1.48 1.51 1.54 1.57 1.60 1.64 1.69 1.74 1.80 1;87 1.96 2.06 | 2.19 2.35 2.57
D3(I'.5) 1.26 1.27 1.28 1.29 1.31 1.32 1.34 1.36 1.38 1.41 1.43 1.47 1.50 1.55 1.60 1.66
D3(I'.5) 1.18 1.18 1.19 1.20 1.21 1.22 1.23 1.24 1.25 1.27 1.28 1.30 1.32 1.35 1.37 1.41
Fig. 3 o fl 1.53 1.56 1.59 1.62 1.66 1.70 1.81 1.88 1.95 2 2.16 2.30 2.48 2.72 3.04

1.75

.05
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F4. ARBHE (n=3)
BEH er 1 2 3 4 5 6 8 10 15 20 25 30 40 50 60 80 100
D) 9| 5.32
18 | 2.66 4.57
36 | 2.26 2.58 3.13 4.26
45 | 2.20 2.42 2.74 3.26 4.21
90 { 2.09 2.17 2.27 2.39 2.53 2.70 3.20 4.10
135 | 2.06 2.11 2.17 2.23 2.30 2.38 2.57 2.83 4.07
180 | 2.04 2.08 2.12 2.16 2.21 2.26 2.38 2.52 3.02 4.05
225 | 2.03 2.06 2.09 2.13 2.16 2.20 2.28 2.37 2.68 3.17 4.04
450 | 2.02 2.03 2.05 2.06 2.08 2.09 2.12 2.16 2.25 2.37 2.51 2.67 3.15 4.02
900 | 2.01 2.02 2.02 2.03 2.04 2.04 2.06 2.07 2.11 2.16 2.20 2.25 2.37 2.50 2.67 3.15 4.01
D1(E) 91 3.57
18 | 2.18 3.10
36 | 1.89 2.08 2.36 2.8
45| 1.85 1.98 2.15 2.40 2.79
9 | 1.75 1.80 1.86 1.92 2.00 2.08 2.31 2.66
135 | 1.72 175 1.78 1.82 1.86 1.90 2.00 2.12 2.60
180 | 1.71 1.73 1.75 1.77 1.80 1.83 1.89 1.95 2.19 2.57
225170 1.71 1.73 1.75% 1.77 1.79 1.83 1.88 2.02 2.23 2.55
450 | 1.67 1.68 1.69 1.70 1.70 1.71 1.73 1.75 1.80 1.85 1.92 2.00 2.20 2.49
900 | 1.66 1.66 1.67 1.67 1.67 1.68 1.68 1.69 1.71 1.74 1.76 1.78 1.84 1.90 1.98 2.17 2.46

RO AR N TR Lk AN E BT E
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TF, (1) TR ERBEAZRIR L CHBHER 6D X 512> T 5 (i) X E 2w
TORT>TVAHDT, ThABKEICARTEL, DUU) XL,

(2.19) 2B, KR ey DANE /o> DXNE—FT B, L 25T, glo T r CREL b
WOERBEFOKXE X N KBfRLTWA, £ZT

2
(3.1) m:;%

ERWT, ChrxrBx0FRBEMCHLTRDTRSL, TORRYELDI-ONKLITH S,

(i) O FETES N B BRBEML, WbYLBEEMLSOMRELATH LMD, Dik—
BIEEDLRK, —O0@ERSMANS 2@ FTORBLIERYF 2 ITRT.

FL2FEEETHLEE, N=40BE%H< &, (1) BHN—IMTHERIFRTH 5,
(r) L ORENTINEWVEERRL TS, () LERSMHLE B LU-RER Ik
RSP E, LS EMbhD, ThLOEMIIERSMOBEWELL TS E W25
(Takahasi and Wakimoto (1968) o Table 1 &f&).

N=4DBE& (N r=1T»5) BEERLRIEERT. L&z, 1,2 a a+l (a>2) 7
pEEEEE s s Beg WUy sy, oo (amo) i 2 L tbis, Lictis
T, N =4 OB & IBRO—FOME VRO K X WRERMPEET S, L b RO LRIz
THDH, N>LDFEHFOWTIIERD ERIBED L Z Hbbin,

(r

FTTIERDIC g/0* B LT, e, & N=64 DFEICFHHLICERELE 3 1TRT.

4. H & » &

NEGz 2B IE#R & L CFIA T 5 B EHO#EEY, ARBER?LOIFETHMEOEE& D
WTERLCER, BENEZHETH>EROBEBE —BICL TEAETED I oI, BE1D
ZOEBE 2 BRE L, BREHEN R LHEOT, L, —BOBELBHIIRBE DL
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Ranked Set Sampling from a Finite Population

Koiti Takahasi and Masao Futatsuya

(Faculty of Science, Hirosaki University)

The theory of ranked set sampling to provide a more efficient estimator than the
sample mean usually assumes that the ranked sets of elements are independently distribut-
ed. In this paper we consider the ranked set sampling without replacement from a finite
population.

Suppose that a simple random sample of size %?# is drawn from a finite population of
size N with mean g and variance ¢® without replacement and that the sample is divided
into n» groups of size ». Let X, be the j-th order statistic of the (%(£—1)+7)-th group

(ry __ 1

for i=1,...,n and £=1,...,r. We consider the unbiased estimator Y =

T n
kZ,‘l > X, of the mean g, especially, in the case of »=2. The relative efficiency e:;’ of
=11i=1

(r)

Y, to the sample mean X, of a sample of size 27 obtained by simple random sampling
. . N—1 -1 .
without replacement is given by (1_N—~27 . %) , where g is % El(Zw— Zay)(Zes

—Zw)] and Zq,, ..., Zu are the order statistics of a simple random sample of size 4 from
the finite population without replacement.
The numerical examples of g/¢? and e:;) are given in Table 1, 2 and 3, respectively, for

various kinds of finite populations.

Key words : Ranked set sampling, finite population, order statistics.



