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Abstract

The ranked-set sampling technique has been generalized so that more ef-
ficient estimator may be obtained. The generalized ranked-set sampling
technique is applied in the estimation of quantiles of the half logistic dis-
tribution. Three estimators are proposed. These are minimum variance
unbiased estimator, simple estimator and ranked-set sample estimator. Co-
efficients, variances and relative efficiencies are tabulated. The estimators
are compared to the best linear unbiased estimator of the quantiles.
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1 Introduction

In applied statistics, experimenters often encounter situations where the actual mea-
surements of the sample observations are difficult to make due to constraints in cost,
time and other factors. However, ranking of the potential sample data is relatively
easy. In these situations, Mclntyre (1952) advocated the use of ranked-set sampling.
He applied the ranked-set sampling technique in assessing the yields of pasture plots
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without actually carrying out the time-consuming process of mowing and weighing the
hay for a large number of plots. Since then, the technique has been studied and ap-
plied to several areas of applied research. Takahasi and Wakimato (1968) and Dell and
Clutter (1972) studied theoretical aspects of this technique on the assumption of per-
fect judgment ranking and imperfect judgment ranking respectively. Patil, Sinha and
Taillie (1993) studied the same technique when the sample is from a finite population.
Patil, Sinha and Taillie (1994) have reviewed various aspects of the ranked-set sam-
pling. Also, Bohn (1996) discussed the application of this technique in nonparametric
procedures.

In this paper the ranked-set sampling technique has been generalized so that more
efficient estimators may be obtained. The generalized ranked-set sampling technique is
applied in the estimation of quantiles of the half logistic distribution. Three estimators
are proposed. These are generalized ranked-set minimum variance unbiased estimator
(GR-MVUE), simple estimator (SE) and ranked-set sample estimator (RSS). Coeffi-
cients, variances, and relative efficiences are derived. The estimators are compared to
the best linear unbiased estimators (BLUE) of the quantiles.

In generalized ranked-set sampling, first a set of N elements is randomly selected
from a given population. The sample is ordered without making actual measurements.
The unit identified with the Vi rank is accurately measured. Next, a second set of
N elements is randomly selected from the population. Again the units are ordered
and the unit with the Ny rank is accurately measured. The process is continued until
N set of N elements is selected. The units are again ordered and the unit with Ny
rank is accurately measured. The ordered sample of the IV sets can be represented as
follows:

Set 1 X(ll) X(12) X(IN)
Set 2 X(21) X(22) X(2N)
Set N X(Nl) X(NQ) X(NN)

The generalized ranked-set sample of size N consists of units which are accurately
measured i.e. (Xn,), X(2ny), > X(vny)) Where 1 < Ny < N and 1 <i < N. The
generalized ranked-set sample actually includes the usual ranked-set sample which is
obtained when Ny =1, No =2, ---, Ny = N.

2 Estimators

2.1 Best Linear Unbiased Estimator of Quantiles

Let the random variable X have a half logistic distribution with probability density
function (f(x)) and cumulative distribution function (F'(x))
2 exp{—(z—p)/o}

M) = T el = w)/o J 2
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Fla) = [1 —exp{—(z —p)/o}] ’

[1+exp{—(z — p)/o}]
where p and o are the location and the scale parameters.
The quantile function of the distribution is defined as

r > u, o> 0

(1+¢)
QE) = pu+ ol , 0< ¢ <1
) (i-9
The best linear unbiased estimator (BLUE) of the quantile function Q(§) is
5 (1+¢)

QE&)pLue = i + 6ln

) (i+9)

where the location and scale parameters are estimated by their respective BLUES.
The coefficients of the best linear unbiased estimators (BLUESs) for the location

and scale parameters based on complete and censored samples have been tabulated by
Balakrishnan and Puthenpura (1986) and Balakrishnan and Wong (1994).

2.2 Estimator of Quantiles based on generalized ranked-set sampling

Let
Zuny =  (Xany — w/o
A6Ny) = E{Z(iNj)}
w(iNij) = Va’r{Z(iNj)}7 i:1727"'7N7j:1727"'7N'
Therefore E(XiNj)) = p+ ooy, and Var(X(iNj)) = W(iNij)O’2.
Let as = (1n,), ¥@any)s " ,a(NNN))T where T implies the transpose
1T = @a,---,1)
S = {Ni,Na,---,Nn}
Xs = (Xam)Xen) s X)) "

and Var(Xg) = Qro?, where €, is a N x N diagonal matrix with w(;x, v;) as the (i,7)th
element.

Balakrishnan (1985) has tabulated the values of a(;y,) and w(,n,) for the half
logistic distribution. Then E(Xg) = ul + cag = Agh

where AL = ( 1 L 1 ) and 07 = (u,0).
AAN)  A@2Nz) e NNy

Least squares estimator of 6 is obtained by applying the Gauss and Markov theorem
(Sarhan and Greenberg (1962)). Then s = (AgQ;lAS)_lAEleXS and Var(fg) =
< Ag)~'o”, where superscript -1 implies inverse.
ALQM Ag)71o?, wh ipt -1 implies i
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Therefore, based on generalized ranked-set sample Xgwith S = {N;,Ng,.... Ny} the
estimator for the quantile function is

) : L (1+9)
Q)s = fis + 0sln
() (1+¢)
where
N
TIS — (iN; )Tgs)
A N X(iN,)/W(iEn; N,
" z:: TlSTQS—TSQS) (X(in) /@ (ining))
N
5 a(inyTos — Tis)
7 X(iN,) /Wi, N,
i ; TIST25—T3QS) ( (Nl)/ (NZNI))
N
TlS = az. ZO(UV /wZNN)
=1
N
Tos = (17-Qg'- Zl/szN
i=1
N
=1

The variances of the estimator is given by

0.2

- (TwsTas — Ti)

(1+8) op 1 (148

V(Q(&)s 1-9 =

[Tls + Thg ln2

2.3 Generalized Ranked-Set Minimum Variance Unbiased Estima-
tors

Generalized ranked-set minimum variance unbiased estimator (GR-MVUE) is obtained
from the generalized ranked-set estimator when all possible choices of S are considered.
The best choice of S is the one which gives the minimum variance of the estimator.
This S is denoted by Sar_mvuEe. The estimator is denoted by Q(§ )Jar—-mvuE- Table
1 provides ranks Sgr—ymvuE , variance and coefficients of the estimator for N = 2(1)10
and £ = .05,0.1,0.5,0.9,.95.

2.4 Simple Estimators (SE)

The simple estimators are obtained from the generalized ranked-set estimators as
follows:
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When sample size is even, S = {N1, N, , Ny} where Ny = Np = -+ = Ny =
k1 and Nyjoqy1 = -+ = Ny = ko then S = {ky,--- ,ki,k2, -, k2}. Then from
generalized ranked-set estimator, the simple estimator for even sample sizes is

N/2 N
§)se = ZB )sEX (iky) + Z Bj(N)seX(jk,)
j=N/2+1

where

(1+¢)
(1-¢)

(1+9)
(1-¢)

Bi(N)sg =2 <a(ik2) —1In ) / (N(ainy) — iky))) > i =1,-+ ,N/2

Bj(N)SE = -2 (a(jkl) —In

SE:{kla 7k17k2)"' akQ}-

>/(N(a(jk2)_a(jk1)))7 j:N/2+17 N

N/2

2
Var(Q( 24 ( (iks) — Eitg) Wiikkn ! (N (@iky) — (ikn))

1 2
+ Z ( (k1) — n&fg) Wikata)! (N ((ira) — i)

J=N/241

When sample size is odd, S = {Nj,Ng,---,Nny} where N; = Ny = .- =
Nnt1)2 = k1 and Nyy1)/241 = Ny = ko then S = {ky,--- k1, k1, k2, -+ k2}
Then from generalized ranked-set estimators, the simple estimator for odd sample
sizes is

) (N—1)/2+1 N
Q¥)se= Y Bi(NseXuyy+ Y.  BiN)seX(w)
i=1 J=(N—1)/2+2
where
Bi(N)sg = 2 <a(m2) g) /(N + 1) (giny) — Xiky))) 5
—1,. - 1) /241
1
Bi(N)sp = ( oy —In 2 g) /(N = (agiy — agin) -
— (N —1)/2 + 2, N

SE:{kla )k17k27"' 7k2}
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(N=1)/2+1

2
VarQ©)se) =4 Y. (o~ G5 ) e /(8 + Dlagey - )
=1

)
N 2
+4 Z (O‘(ﬂﬂ) —In 8 J_rg) W(ikaka) /(N = 1)(0(jiy) — (i)

i=(N—1)/2+2

Table 2 provides ranks Sgg, variance and coefficients of the estimator for N =
2(1)10 and ¢ = .05,0.1,0.5,0.9,.95. The ranks were obtained by computing vari-
ance for each choice of S, such that by choosing different values of k1 and ko, S =
{k1,--- ,k1,ka, -, ko}. Rank, which resulted in minimum variance of the estimator,
is identified as Sgg.

2.5 Ranked-set Sample Estimators (RSS)

The ranked-set estimators (RSS) for p and o are obtained from the generalized ranked-
set estimators when S = {1,2,--- , N}. This choice of ranks is denoted by Srss. The
estimator is denoted by Q(§ )rss- Table 3 provides ranks, variance and coefficients of
the estimator for N = 2(1)10 and £ = .05,0.1,0.5,0.9, .95.

3 Comparisons

In this section comparison has been made between generalized ranked-set minimum
variance unbiased estimator (GR-MVUE), simple estimator (SE), ranked-set sample
estimator (RSS) and the best linear unbiased estimator (BLUE). When comparing
variances, Table 4 shows that GR-MVUE is more efficient than BLUE and RSS and
SE for N > 3 and ¢ = .05,0.1,0.5,0.9 and 0.95. It also shows that SE are more
efficient than BLUE for N > 4 and ¢ = .05,0.1,0.5,0.9 and 0.95. SE are more efficient
than RSS for N > 3 and & = .05 and 0.1. When £ = .5,.9 or .95 and N > 6 SE is
more efficient than RSS. Table 4 also shows that RSS are more efficient than BLUE
for N > 5 and £ = .05,0.1,0.5,0.9 and 0.95.
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Table 2: Coefficients for computing Q(¢)sg [In Column 4, V = Var(Q(¢)sE)]

N  Sgg ¢ qkm 1 2 3 4 5 6 7 8 9 10
2 {1,2} 0.05 9.3760  -1.3553  2.3553

3 {1,1,3} 0.95 4.6316  -0.3469  -0.3469 1.6937

4 {1,1,4,4} 0.95 1.6996  -0.2222  -0.2222  0.7222  0.7222

5  {1,1,1,5,5} 0.95 1.3899  -0.1020 -0.1020 -0.1020  0.6531 0.6531

6  {1,1,1,6,6,6} 0.95 0.8044 -0.0718 -0.0718  -0.0718  0.4051 0.4051 0.4051

7 {1,1,1,1,6,6,6} 0.95 0.6872  -0.2001  -0.2001  -0.2001  -0.2001 0.6001 0.6001 0.6001

8  {1,1,1,1,7,7,7,7} 0.95 0.4431 -0.1664 -0.1664 -0.1664 -0.1664  0.4164  0.4164  0.4164  0.4164

9 {1,1,1,1,1,8,8,8,8} 0.95 0.3909 -0.1130  -0.1130  -0.1130  -0.1130  -0.1130  0.3912 0.3912  0.3912  0.3912

10 {1,1,1,1,1,9,9,9,9,9} 0.95 0.2828  -0.0973 -0.0973  -0.0973  -0.0973  -0.0973  0.2973  0.2973  0.2973  0.2973  0.2973
2 {1,2} 0.9 5.0970 -0.7695 1.7695

3 {1,1,3} 0.9 27199 -0.1516  -0.1516 1.3032

4 {1,1,4,4} 0.9 1.0215 -0.0619 -0.0619  0.5619  0.5619

5 {1,1,1,5,5} 0.9 0.8506 -0.0076 -0.0076 -0.0076  0.5115 0.5115

6 {5,5,5,6,6,6} 0.9 0.4306  0.0376  0.0376  0.0376  0.2957  0.2957  0.2957

7 {6,6,6,6,7,7,7} 0.9 0.3112  0.0643  0.0643  0.0643  0.0643 0.2477  0.2477  0.2477

8  {7,7,7,7,8,8,8,8} 0.9 0.1786  0.0960  0.0960  0.0960  0.0960 0.1540  0.1540  0.1540  0.1540

9  {8,8,8,8,8,9,9,9,9} 0.9 0.1348  0.0995  0.0995  0.0995  0.0995 0.0995 0.1256  0.1256  0.1256  0.1256

10 {9,9,9,9,9,10,10,10,10,10} 0.9 0.0983  0.1201 0.1201 0.1201 0.1201 0.1201 0.0799  0.0799  0.0799  0.0799  0.0799
2 {1,2} 0.5 0.3451 0.7344  0.2656

3 {1,1,3} 0.5 0.1996  0.3497  0.3497  0.3006

4 {2,2,3,3} 0.5 0.1015  0.3513  0.3513  0.1487  0.1487

5 {2,2,2,4,4} 0.5 0.0655  0.2170  0.2170  0.2170  0.1745 0.1745

6 {2,2,2,5,5,5} 0.5  0.0461 0.2149  0.2149  0.2149  0.1184  0.1184  0.1184

7 {3,3,3,3,5,5,5} 0.5 0.0335  0.1578  0.1578  0.1578  0.1578 0.1230  0.1230  0.1230

8  {3,3,3,3,6,6,6,6} 0.5  0.0261 0.1552  0.1552  0.1552  0.1552 0.0948  0.0948  0.0948  0.0948

9 {4,4,4,4,4,6,6,6,6} 0.5 0.0205  0.1240  0.1240  0.1240  0.1240 0.1240  0.0949  0.0949  0.0949  0.0949

10 {4,4,4,4,4,7,7,7,7,7} 0.5 0.0168  0.1214  0.1214  0.1214  0.1214  0.1214  0.0786  0.0786  0.0786  0.0786  0.0786
2 {1,2} 0.1  1.2760 1.4660  -0.4660

3 {1,1,3} 0.1 02156  0.5936  0.5936  -0.1871

4 {1,1,4,4} 0.1  0.0935  0.5497  0.5497  -0.0497  -0.0497

5 {1,1,1,5,5} 0.1  0.0391 0.3526  0.3526  0.3526  -0.0289  -0.0289

6 {1,1,1,6,6,6} 0.1 0.0262  0.3446  0.3446  0.3446  -0.0113  -0.0113  -0.0113

7 {1,1,1,1,7,7,7} 0.1 0.0145  0.2547  0.2547  0.2547  0.2547 -0.0062  -0.0062  -0.0062

8  {1,1,1,1,8,8,8,8} 0.1 0.0112  0.2521 0.2521 0.2521 0.2521  -0.0021  -0.0021  -0.0021  -0.0021

9  {1,1,1,1,1,9,9,9,9} 0.1  0.0071 0.2002  0.2002  0.2002  0.2002 0.2002  -0.0002  -0.0002  -0.0002  -0.0002

10 {1,1,1,1,1,2,2,2,2,2} 0.1  0.0050  0.1827  0.1827  0.1827  0.1827  0.1827  0.0173  0.0173  0.0173  0.0173  0.0173
2 {1,2} 0.05  1.5125 1.5479  -0.5479

3 {1,1,3} 0.05 0.2680  0.6209  0.6209  -0.2418

4 {1,1,4,4} 0.05 0.1094  0.5721 0.5721  -0.0721  -0.0721

5  {1,1,1,5,5} 0.05 0.0469  0.3658  0.3658  0.3658  -0.0487  -0.0487

6 {1,1,1,6,6,6} 0.05  0.0301 0.3567  0.3567  0.3567  -0.0234  -0.0234  -0.0234

7 {1,1,1,1,7,7,7} 0.05 0.0168  0.2632  0.2632  0.2632  0.2632 -0.0176  -0.0176  -0.0176

8  {1,1,1,1,8,8,8,8} 0.05 0.0125  0.2601 0.2601 0.2601 0.2601  -0.0101  -0.0101  -0.0101  -0.0101

9 {1,1,1,1,1,9,9,9,9} 0.05 0.0080  0.2063  0.2063  0.2063  0.2063 0.2063  -0.0079  -0.0079  -0.0079  -0.0079

10 {1,1,1,1,1,10,10,10,10,10}  0.05 0.0064  0.2050  0.2050  0.2050  0.2050 0.2050  -0.0050  -0.0050  -0.0050  -0.0050  -0.0050

134 International Journal of Statistical Sciences, Vol. 8 (Special), 200/




135

Quantiles of Half Logistic Distribution

Adatia and Saleh

Z¥c0'0-  TI¥€0°0-  0ZE00-  TTg0°0-  8TI00°0-  6920°0 £€690°0 TIET'0 61920 68190 86100 900  {01'6'8°L9'¢'PeT 1} 0T
6620°0-  GO¥0'0-  TSE0°0-  ¥LIO0-  ¥TI0'0 €850°0 €IET0 81920 1€59°0 96200 S0°0 {68°L°9‘¢‘v‘e‘c'1} 6
6L£0°0-  98%0°0-  TLEO'0-  8L00°0-  9I¥0°0 [444 0] 6220 L¥69°0 Zren’0 <00 {8‘L'9'¢'v'e'c'1} 8
G6%0°0-  L8G0°0-  9S€0°0- 09100 650T°0 962270 €970 9.¥0'0  S0°0 {s99'v'ec'1}y L
TL90°0-  0TL0°0-  S€T0°0-  29.0°0 GTLT0 GT18°0 10L0°0  S0°0 {o‘g'v'ect} 9
T960°0-  0£80°0-  8%T0'0 GGST0 6006°0 LITT'0 SO0 {sv'ez1} ¢
T8FT'0-  86L0°0-  €30T'0 L8T0°T 9002°0  S0°0 {v'ectt v
9952°0-  00%0°0 99121 SIVP'0  S0°0 {eT1y ¢
6L7S°0-  6LVS'T GzIS'T 00 {1} ¢
Z810°0-  T¥T0'0-  €0%0'0-  0600°0- 6000 L8€0°0 17L0°0 SVET'0 8LVZ0 T0LS 0 29100 T°0 {or'6‘8‘29‘c'v'e‘c‘1} O
L%T0°0-  88T0°0-  LIg0'0-  €F00°0-  S€T0°0 £590°0 €IeT'0 9¥8z'0 2209°0 S120°0 10 {682L9‘s'v'e‘c‘1} 6
1620°0-  L¥€0°0-  81T0'0-  €900°0 91500 PAZAN) 6092°0 2e¥9°0 L820°0 10 {8°29¢‘v'gc‘1} 8
¥8€0°'0-  0T¥0'0-  €810°0-  66T0°0 61TT°0 §g9zZ°0 ¥169°0 00%0°0 10 {L'9¢‘v'e‘c1} L
82S0°0-  S0S0°0-  S¥00°0-  8.80°0 §592°0 9%SL 0 6850°0 T'0 {9‘¢'v'e‘c‘1} 9
29L0°0-  8L50°0-  ¥IPO0 L€ST°0 6£8°0 6€60°0 10 {svect} ¢
TOTT'0-  S6%0°0-  €01T°0 $656°0 G89T'0 10 {rect} ¥
GZIT'0-  $890°0 0vPT'T €1LE0 10 {e‘z1r ¢
099%°0-  099%°T 09L2°'T 10 {1} ¢
G5€0°0 0990°0 1680°0 18600 8L0T°0 GEIT 0 69TT°0 TEIT'0 §zTI'0 09€T°0 9810°0 90 {or'6‘s‘L9'¢'v'e‘c‘1}  OT
LT%0°0 282070 1860°0 6T1T°0 $TT1°0 T8TT'0 0ZET'0 G9€T°0 GTST'0 2200 90 {68°L‘9‘¢‘v‘e‘c‘1} 6
66¥0°0 £680°0 LYIT0 80€T°0 80%1°0 TLYT0 8€ST°0 GELT'0 28200 S0 {s‘L'9'¢'v'e‘c'1} 8
2090°0 €L0T°0 €9€T°0 9810 $S9T°0 GLT'0 80020 19€0°0 G0 {L99'v‘ec'1}y L
L820°0 8TET'0 Sg9T°0 £981°0 0£0%°0 LLET°0 6.70°0 S0 {o‘sv'ect} 9
1L60°0 L99T1°0 T80T°0 T8ET0 L682°0 9990°0  §°0 {sv‘ez1} ¢
¥631°0 6032°0 81820 6L9€°0 £€660°0 S0 {v'ectt v
S08T°0 $£TE0 8C6¥°0 €89T°0 €0 {eT1y ¢
99920 PHELO 187€°0 90 {1} ¢
LSPT°0 Z8VT'0 910€°0 102€°0 ¥01E'0 GELT 0 6¥02°0 9L80°0 TEET'0-  89SL°0- V0610 60 {o1'6‘8‘L'9‘c‘V‘e‘c T} 0T
VLT 0 ¥062°0 ¥rre 0 ovse 0 9G2€°0 ¥LST0 TEET'0 €90T°0-  6TLLO- 1S€T°0 60 {68°L9'¢'v'e‘T' 1} 6
1212°0 £FPE0 £56€°0 0L8€°0 THTE0 GE6T0 G990°0-  006L°0-  GL6TO 60 {8‘29¢'v'e'c1} 8
%9270 €VI7°0 0%S%°0 £607°0 TSLT0 L600°0-  9.08°0- TSSE'0 60 {L'9'¢'v'e'c't} 2
66£€°0 2908°0 67150 068€°0 SPLO°0 08280~  GLTS0 60 {o‘g'v'ect 9
SHSY0 ¥829°0 60950 ¥902°0 T0¥8°0-  LLSL°0 60 {sv'eet}t ¢
92¥9°0 292270 68270 18%8°0-  LIST'T 60 {rect} ¥
T686°0 ¥L¥8°0 G9€8°0-  TPIT'Z 60 {ez1r ¢
G69L'T G69L°0-  0L60°'S 60 {1} ¢
L88T°0 961€°0 698€°0 79070 £68€°0 69€€°0 16€2°0 £€5L0°0 99€T°0-  9F0T'T-  ¥8IE0  $6'0  {0T‘6'8°2°9°¢‘v'e'z‘T} 0T
8920 0vL€°0 0¥ 0 6LV7°0 8707 0 8L0€°0 LEET'0 6002°0-  FEET'T-  ¥¥6E0  S6°0 {6‘8°L‘9‘¢‘v‘e‘c‘1} 6
¥SLT0 9EV°0 9¥05°0 898%°0 L96€°0 9112°0 €2S1°0-  €99T°T- 800S0  S6°0 {s‘L'9'¢‘v'e‘c'1} 8
6EVE°0 6££5°0 8LLSG'0 1805°0 081€°0 8180°0-  S00T'I-  §9S9°0  S6°0 {L9'¢'v'e‘c‘1}y L
8THY'0 L299°0 0159°0 089%°0 S¥20°0 06€2°I-  TL68'0  S6°0 {o‘e'v'ec1} 9
LE6G°0 2808°0 $%89°0 0¥61°0 €082'I- 066T'T  S6°0 {e'¥ec1} ¢
STYR0 TE66°0 T98%°0 6128’1~ S6¥V0°C  S6°0 {r'sc1} ¥
70€°T STSO'T 9GCE I~ €LEL'E  G6°0 {g‘c'1} ¢
£€9¢€°C €98€°T-  09.€6  S6°0 {e‘1} 4
Fad
[o) 8 L 9 g 4 € 4 1 K 3 Ssdg N

[(S5¥(3)P))av A = M ‘F uwmio)) uy] S5U(3)¢H Surnduiod 10§ SJUSIIPFAO)) ¢ IR,




136  International Journal of Statistical Sciences, Vol. 8 (Special), 200/

Table 4: Variances and Relative Efficiencies [In this table, U = Var(Q(¢)ar—mvuE);

V =Var(Q(§)se); and W = Var(Q(§) rss)]

N ¢ % % V‘“”(Q(?J)BLUE) % V‘IT(Q<§)BLUE) VaT(Q(é}BLUE)
2 0.95 1.0000 1.0000 0.7435 1.0000 0.7435 0.7435
3 095 1.9317 1.5588 1.6243 0.8069 0.8409 1.0421
4 095 14757 1.7796 2.3716 1.2059 1.6070 1.3327
5 095 19783 1.8490 3.0017 0.9346 1.5173 1.6234
6 095 1.6575 1.8488 3.5427 1.1154 2.1373 1.9162
7 0.95 19069 1.8217 4.0285 0.9553 2.1126 2.2114
8 0.95 1.6422 1.8562 4.6572 1.1303 2.8359 2.5090
9 095 1.9005 1.9173 5.3851 1.0088 2.8336 2.8088
10 0.95 1.7314 1.9494 6.0639 1.1259 3.5024 3.1106
2 0.9 1.0000  1.0000 0.7988 1.0000 0.7988 0.7988
3 0.9 1.9773  1.5369 1.7186 0.7773 0.8692 1.1183
4 0.9 1.4968 1.7317 2.4703 1.1569 1.6504 1.4265
5 0.9 1.9998 1.7814 3.0891 0.8908 1.5447 1.7340
6 0.9 1.6267 1.9928 4.0715 1.2251 2.5029 2.0431
7 0.9 1.6218 2.0229 4.7623 1.2473 2.9365 2.3542
8 0.9 1.1894 1.9815 5.2858 1.6660 4.4439 2.6675
9 0.9 1.1112 1.9379 5.7804 1.7440 5.2020 2.9828
10 0.9 1.0000 1.9372 6.3927 1.9372 6.3927 3.3000
2 0.5 1.0000 1.0000 1.4258 1.0000 1.4258 1.4258
3 0.5 1.2075  1.0000 1.9007 0.8282 1.5741 1.9007
4 0.5 1.0823 1.0586 2.4660 0.9781 2.2785 2.3294
5 0.5 1.0528 1.0707 2.9385 1.0170 2.7910 2.7443
6 0.5 1.0604 1.1030 3.4781 1.0402 3.2801 3.1534
7 0.5 1.0430 1.1245 4.0025 1.0781 3.8374 3.5595
8 0.5 1.0514 1.1396 4.5173 1.0840 4.2966 3.9638
9 0.5 1.0471 1.1576 5.0552 1.1054 4.8276 4.3671
10 0.5 1.0551 1.1676 5.5690 1.1066 5.2783 4.7697
2 0.1 1.0000  1.0000 0.5968 1.0000 0.5968 0.5968
3 0.1 1.0000 1.7222 1.3662 1.7222 1.3662 0.7932
4 0.1 1.2811  2.3096 2.2391 1.8028 1.7478 0.9695
5 0.1 1.1951 2.8677 3.2373 2.3995 2.7088 1.1289
6 0.1 1.5211  3.4209 4.3603 2.2489 2.8665 1.2746
7 0.1 1.4338 3.9574 5.5766 2.7600 3.8893 1.4092
8 0.1 1.7238 4.4416 6.8153 2.5766 3.9536 1.5344
9 0.1 1.5997 4.8233 7.9679 3.0152 4.9809 1.6519
10 0.1 1.5861 5.2538 9.2617 3.3124 5.8393 1.7629
2 0.05 1.0000 1.0000 0.5776 1.0000 0.5776 0.5776
3 0.05 1.0000 1.6470 1.2394 1.6470 1.2394 0.7525
4 0.05 1.1474 2.1031 1.9068 1.8330 1.6619 0.9067
5 0.05 1.0465 2.4933 2.6029 2.3826 2.4873 1.0439
6 0.06 1.2285 2.8631 3.3430 2.3307 2.7213 1.1676
7 0.05 1.1587 3.2845 4.2045 2.8346 3.6287 1.2801
8 0.06 1.3548 3.6964 5.1134 2.7284 3.7743 1.3833
9 0.05 1.2820 4.0994 6.0621 3.1977 4.7286 1.4788
10 0.05 1.4745 4.5382 7.1137 3.0778 4.8245 1.5675
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4 Conclusion

The generalized ranked-set minimum variance unbiased estimator (GR-MVUE), sim-
ple estimator (SE) and ranked-set sample estimator (RSS) are all more efficient than
the best linear unbiased estimator (BLUE). The GR-MVUE is the best estimators.
However, the coefficients for larger sample sizes (N > 10) require considerable amount
of computational time. Simple estimator (SE) is more efficient than the ranked-set
sample estimator (RSS) as well as the best linear unbiased estimator (BLUE).

Simple estimator (SE) is most suitable estimator for estimating the quantiles of
the half logistic distribution when the actual measurements of the sample observations
are difficult to measure but are easily ranked.
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