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A3SIRACT

One of the main objectivås of a semple survey is the estímation

of tbe population mean or total of á åfraracter tyr attached. to the

units in the population. The ratio method. of estimation provÍd.es

a powerful technique for obtaining increased. precision whenever

infomation on an auxiliary character rxr positively correlated. lrith
tyt is available. Since the classical ratio estimator is biased r coïl-

siderable attention has been given in recent years to the development

of whoIl-y unbiased. or approximately unbiased ratio estimators. The

relative effieiencies of these ratio estí-mators have been previously

iavestigated..by assumr'ng a linear regression of y on x and. gâmma

clÍstríbution for x. In this thesis, various x-populations are

æployed to investigate relative efficiencies of the estÍmators

eqnpÍrica1ly, assr:ming J-inear regression of y on x. The results

obtained. ind.icâte that the relative efficiencies are fairly

insensitive to the d.istribution of x-values.

two classieal estimato"" tt va,riance and a rjack-knifet

variance estimator are also considered. and the relative bíasès and

re-latÍve stabilities of these variance estimators are investigated.

ernpiricall-y.
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CHAPTM I

IlqtRODUCTION

1.1 Objective

Sa.nple surveys are cond.ucted. to obtain estimates of various

unknown population pararneters of interest. Here lre confine

ourselves to estimation of the population mean or total of a

charaeter und.er study ryf " Ratio estimators Íncorporate the

knovled.ge of an auxÍ1íary variable 'xt, whieh is positÍvely

correlated. with the character tyt.

fn such situations, the classical ratio estimator is often

used.. However, it is bíased. and, in surveys where small or mod.erate

gemFJ-es within many strata make it appropriate to use the fseparatet

ratio estimators, the bias relative to the standaril error could. be

Iarge. For these t¡rpes of surveys, mod.ificatíons to tbe classical

ratio estimator lead. to who11y or approxinately unbiased. ratio

estÍmators. This thesis considers the performance of some modified.

estÍmators and investigates the stability of three varianee

estimators under different population cond.itions.

L.2 Review of Literature

For simple random sanpling of size n, dravn ¡,rithout replacement

from a finite population of size N, the eÌassíca1 ratio estimator of

the population mean I is given by
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is the

R

;-r¡ = rLX = rX-r
x

vhere I is tne knoma populatíon mean of

y ara'tt x are the sa.mple means of tyr and.

;r=-
;

customary estÍmator

i
3-.

I

of the ratio

fhe classieal ratio estimator has a

YB=rX

vhile TÍnrs

=rx

2.

(r.r)

the ar:xiliary variable 'x';
txf respectively; and.

(r.z)

large n.

Several mod.ifications to the classical ratio estimator lead.ing

to approxinately or wholly unbiased. estimators have been proposed-

in the literature" Sealets (lg6Z) approximately unbiased estimator

ot Ï is given by

n(rx2)" - (r*)!
--n-(n-t)-

(r.s)

bias almost of order o(o-1) tor

(r.l+)

is estimator is

(r.¡)

(r.6)

1+ti #l þ\ / xy

ï-
I

r¡here

2lr 1l "*r1l.ã-EF

(tg6¡) nod.ification of th

ll . r'r- rlþ" É"ll
t_ [n tu [; i *"))

2s=x
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n(tqr)" - (lx)"(ry)s
s = 

- 

(r.f)-rry n(n-].)

l*here (f")- is the sample total- for txf , i.e.,
Þo

n
(rx)s =.x-*i. (1.8)

l_=J-

A who11y unbiased. ratio estimator, proposed by Eartley and Ross

(rgr\ ) , is
: _ - .= (tv-t)n ,- --\ (1.9)ÍE=".tt+¡ffi(y-rx)

where

-li = n--(r[y/*] )s. (1.10)

$ro estimators based. oa splitting up the sample at rand.om into

tgt(ì 2) groups, each of size rmrrl,r'here n = ng, are ciue to

Quenouill. (fg¡6) a¡:d Micke¡ OgSg). Miekey's vholly unbiased

estÍmator of Y is

" : --f ?i(n-n+n)er- _-rr\
"M(e) - -s x * -ff (t - rå i) (r.u)

i: = ri:/e (1.rz)
€5 {='l .J

'¡rhere F¡ is the e1ässical- ratio estl:rnator eomputed. from ¡¡q s¡.nFJ.eJ'
afber onitting tUe ¡th group, i.e.,

v:i¡ = --'t- (r.rS)
tJ ;:

J
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ni - ri. n-I"- n;.
---r = 

- 

.J - ll lt r!:\
"J n-m n-m o **'

.thon.rl rr Y Q?ã -:.: Eu3.cr. Ijo *J are the j-'- group saJnple means. Not^ +r^^+ '-s u¿¡øv Jn - JM(g)

" whenn=2.

Quenouillers method. of bias reduction feads to the approxí-mately

unbÍased. estÍmator'-a: 
.. '

: -1r-(t¡ -1);'li (r.r¡)IIn/-\ = 1(l),-qrg/ c g g-
''''.'

where

' - , \-l
{¡) = s lr - (" 

= 
t) l. (r.16)ol-C _L IT J

: fhe approximately unbiased estimators have bias al¡nost of order
.õ , _.1 .

O(o-') for large n (terms of ord.er O(tt-') do not appear).

I Í\:rning to the variance estimators, the classieal estimator of

the variance of I is-r
tl Ll | _z ^--_ __z-2\ rr r.:¡\vr(i") = h - *l t." zrsxy + r'si). (l.rti

¿*L--JJ^,t

'j Another variance estimator (coðtrran, rg,6S) is
a. 

,

^?-¿ lr 1l ,2 22,v^(t- ) ='L r: - :r rq- - Zrs-_- + r-s:) (f .fe)Z'uT' -2 llr I!.1 '-y --"rry ' -x"

rtrkeyrs (1958) 'ia'ck-knife' variance estimator of f- is-r

/::- \ - -e T ;1 fo - r\ I 2 ,-

-,., 
J6 ¿ l-

ct .-o

For the comparÍson of the various estimators, several approaches

have been used.. Tin compared I", y3, ¡rgr Ig .oU 
"e(e¡ 

for large n
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without assuming any model. Rao Oge>), Rao and Ìtrebster (fg66) ana

Rao (tg6l) compared Í", it, iq(e), iM(e¡ and i"unaer two models

assuming infinite populations, 5þ the regression of y on x is
' linear with constant error variance and

(1) x - N(u " o2), i.e., x is no:ma1ly d.istributed. with mean u'and

.2. varaa-nce o I

(Z) x- f(h), i.e., x is d.istributed. as a gârrTma with para.neter h.

The results und.er mod.el (Z) are exact for any snmFle size n.

:;. Tin shonred that i, and. i, were better than the other estimators

v.ith regard to bias, efficiency and approach to normality.

Using mod-eI (t), nao has shown that

e) S = n is the optim:m choice fo" i¡¡(e) ""d iq(e).

B) the as¡rnptotic variance of i¡¿(e) (rrith g = n) is sl.ightJ-y smaller

- than that of ir, blrt is slightly larger than the ïean square error
t,ot ye(e) t*itn g = n)

Using mod.e]- (2), nao and. lfebster denonstrated that

. A) g = n is the optinum choice ror i¡¡(e¡ and Íe(e).

-\B) yM(e) is consid-erably better than y" for n > 2 and. only sl-ightly

better than i" for n > 8.

C) ie(e) (w'itu s = n) and. !* are better than ir, i" *d ÍM(e).
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CHAPTER TI

APPROACH TO TIIE PROBLM{

I'Ie assume a relationship between the auxiliary variable fxl

a¡d the character of interest tyt. However, instead of making a

specific d.istributional assumption on x, a wid.e variety of live and.

strmthetic x-populations will be enployed.. The purpose of this

approach is to stud.y whether these results will be similar to those

obtained. und.er the assumption of a gårnra d.istributíon'for x (which

J.ead.s to elegant anal¡rbical results). Ifith regard. to the esti-

mators used. when splitting up the semFle into groups, we confine

ourselves here to I = n, as previous investígations ind.ieate that

I = n i"s an optimr:m choiee (and. also to red.uce computer tine).

Ir[iekeyrs and. QUenouÍllets estimators, along r+ith T'r:Jreyrs

variance estÍmator, for g = n" reduee to

: t :.:'.. )
':::::1

"; dM

ie

aad.'

(¡r' )- 's
T

(z.r)

(z.z)

(e.s)

(e.t+ )

,s(1" ) = Í2 þ - +] l="+ 
,!, 

("j - ;;t'

çhere

ft=n



:-.'s,-_,...

oi-y- ni-x.
î-!= _Jl i:=----,L
" J n-l- n-l-

r
u,=¡1 lr-(n:r)1. 6

LT¡I
In developing the above approach,

d.evelop a general relationship between

ri = o * u{*t * .F?(P+I) + u.

for general p, where u. is the error term such that

,2t \ te(uilx.)=ôxi, ô>ó; i=a,2,...,N (z.S)

¡l\^e(ü*urlxírx.)=o fori*J=ar2r.."rg (2.9¡
L J' r. ¿

r¡here e d.enotgs the conditíonal expectation und.er the model for

given x.

this approach, hovever, T.¡as found to be too a^nbitious, even for

the classical- ratio estimator, as the average rnean square eruor e(USU)

involveci too nany parameters. 1o íJ-lustrate this, consÍder the

average MSE of !-- und.er the mod.elr t-- -1

. 
E(r{sE ï") =, lir - l'?

v(¡x2(È+r) )" * oüi

(r,ra + ol*X*r - rl-1(P*1). j Nû)

T.

(2.>)

Q.e)

it vas originally planned. to

y and x, sueh as

Í = 1, 2r...rN (2.7)

Í

" (a.ro)

vbere ü and. t are the

u. respectively and. El"-

possible

population mean of the errors
o

expectation. over aff tfre . (|)

N

semFle mean

= eE where E

and. the

is the



finite population.
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fherefore, (e.fO) red,ucessamples for a given

to

\-

k
tt

e (rcu f"

+y

'[[l- .] .

{r*2(n*r),"

I
ul:
tx

N+
¿X. .=a^Ã

-- 
¿-/-N-x

(r*P*l )" itr.'l
N,l

-t

I

_l

'Þ
tx

rN

(¡
1z.n)

(z.:.z)

(e.rs )

'12.rt+)

well as

1a.rr )

I{e therefore confine ourselves to a linear regressioo ob y on

x"fu

|*e rn.r lll 2

-l_lr
1., çrxt)-

+ ô El}-Ë.
tën

because

o2 .(12) = gt(ru)!l = ô(¡*t)"

¡' -2

"' "cfl = "Li"J = oi*;

nN e(ff) = ,f,r,,,",Lr,J = ô(¡*t)"

It is seen that (e.il) involve" o", g2r,(2, dß, oy, Sy as

ôr Pr t.

li = o + ßxi + ui Í = 1, 2r"'r*

assurne that u. f s satisfy (Z.e) ana (Z.g). Then
a

e(ren Í") = ttf*Pi - (* + e¡ + Û)12
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l- r,i az

_ -z nlc*. ) - (r*)"1= c E[-(-x")" 
I

ã
'slI

r'__tn-"x r -le

:nrl-",-12 -2,* .;l - ul 1z'z:-)

[nNx 
+ s*\r,l-nJj 

I

,*t )s rl*, I { (l*i )-e( rx)"}*(T*l ) ( ¡*

='[tffiJ

+ôE (2.:.6)

(z.:-t)

(e.rs )

(z,:rg)

(z.zo)

tÉt r*t!

whieh involves ooJ-y o2, ô and. t. Noting that

)s =ßs-+slry x xtl

'"2= g2s2+2ßs +s2yxxu'u

¡¡here

n(¿ni)" - (rx)"(ru)"
u-"rnr n(n - 1)

' ,- 2, ,?
2 n(xu-)" - 1ru)l

p --T---u n(n - 1)

we have, for Bealets estimator

a--\. -l nNxX I- "l*f . o'l*-")i 
- "

t x' .)

SÍmilar1y, for Tinrs estirnator
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eldsEcr) = ¿ltt l' - '*-"]"1ì -'l'rt; ¿'-*f\-'.l
.o þÍ,-SìJ *"_,ry-;1,. lz.zz)- " FL'- "rn;'-lj* "*o;f,- I

For the Hartley-Ross unbiased, estimator

,v(is) =,þ f [i #*+-,,] (x*-rr" *ffi-,1
I

+ (Eux-ll [u - (it-)+J * ; -(T-r)+ - olt e.zs)/s 
["-ñ(":iI.J '"ru5¡;-1

vhere V d.enotes the variance over al-L samples from a given finite

¡npulation. Fina11y, for the estimators due to Mickey and. Q¡-renoui1le,

rre have

f ( - --, rv _ (r,i-n+r )il * (n-ntr )n ,- Iev(i*) = e[" [ (t*;-')" l" ffj + rJ N _ 
)

* (¡üiii-l)" 
t* "=fi=*] 

. a sP l'" e.zt+)

( 
^r -\¡f- r\ü r Io,rsn(i*)=eþtff 

.(Ë:-1,"-r.J

- (¡ü:i:-1r (w-n)(n-r)i - ; fgtrq-".rlr 1z'--i--i-)"=î¡s.o[Ëj 1 þ'z>)

Now, usÍng the formu1ae given in Appendicies I and. Ifr'we get the

following average MSE's and. average varianees:
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L
-n

N
Xx.
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n(N

(ì,S
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Xx

F,s
I
Ex

)+

In

+n

-II\

N
x)s{n(¡xr) -f.'tD

elfsE(!")
+ n(N-n)s2

lru(¡x)2+o(N-n)s:]]

(r*t ¡ 

" 

(r*¡ 
" 
tl*, lt [N(n-e )+n] (rx) 

",L, 
)-2 (n-r ) [iv(r*)2*n (ru-n) s

ru(r*)!

l2

\N^
'=(l*r)'

",úÐ

x, ){ [w(n-e

¡¡2(o-r )2

+2

+

N
(¡

+

ã
s

x

)

I

w-n)2(¡

ffi
) (x*t*1

1
-1

-n

n

(n

(rq

F

F"

l_

+ôE

+ô3
(n-r )

tr
,.,J
x"II

¡l(n-z )+nl

tv(rx)"] - n(w-n)s

ôE
rÉ("-r ¡e¡1q1rx)! + n(N-n)s:12

N

o(r*l)
ir- (2.26)

2
= c! -uj

E

N

+

t

eusu(!*)

at
(rx- ¡¡ [u{n-e )+n] ( ¡x)i - n(n-l) (iv-n) s

+2,
/=

(r-)

+
x

7
g
-1

,:

(n

-n

F
["',I

N
Lx.L)(rul;"I+ôE4

l
N

rx, )

I
s

I

à
S

L
r)Xx

¡
I

J

+1

(¡

l-
(
Ij

¿
Xx'
T
-r)

1
N

I
(o

-n
J
rr¡

;Ì1 È

N2(t*)3
S
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+

?
)

2
N

Jrrrz*1"
= a'rf

N^
(rxr)i (rx)!tru(n-s) + 2nl - n(n-r) (N-n)s2)

.v(in)

I¡
(n-r)(rxr) - (¡l-r)(rx)"
E

.v(lu)

N
n-l ) { (rx, )- (tr-n+r ) (xx ) s}

T{

o(¡xl )*+ (z.zt)
N_

lz.#

l,2.

(2.28)

+

+

,"[r**

,0,f,,*=

nN
lì
t_

= aZE

NN
.I+ôn

IJ{'I

2
,=t )s (tu-n+t ) (rv-n-r )

(rxt I 
"*l 

j

-ãl 

+

[ ( rx ) 

"-x, 
J'J

N¿
(rxr) (rx"¡=(m-aX (rxr) (m-n) + zru(n-r) (rx)"Ì

J"[ ' ]l
l'[(tx)"-*rj J"

N
(rx, )-(rx)" (Ir-n+r )

(n-n) (n-1)
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J. [tr*t,"--T]
t"tæP. 1
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N

6xxl-1 .

- 
\2.29)

nT-
II

I

I Tl 
.

I

ll+

f^N
ercn(va) = olrf 

oz(iv-o*r ) (i*' )-rv2(r
- "L 

u21:*)"

['[+J]J'.uu['.'"[ïi;
" f 

(ru-n)(n-1)rî-.', ì'-lf f 1r*t)"-,.1ôr-' -Ì 
"l f'lñt nN- ./ L\r

^.-J tT*,I (tt-n) (n-1) t"tl*, ) (w-n+r )-m
aÂrl( ¡ f: 
'""1_L

*

N
(¡x

)s

I

l.
)

(¡x

^N(w-n) (n-1)'(rx, )

F
y'.altffilN

(e. so )

(z.sz)

- " l' (Ext )s-xl-xl li,;[@

ï-l*o-å
N*

We nov d.erive the average e:qgectations ¡nil average MSEts of the three

variance estimators. Under our model, (t.tT), (f"rA) and. (r.r9) reduce to

- ,: \ - (*+["? G*g'- 2s__. 
(o+ü) . "1] (e.:r)ottx"/ =-ñ-t"" ;z - xu x "J

vr(Í") = 5*[": g - 2"*o g . "î]
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1l+.

.{'.'ttrl 
fl

_ /-: \ _ +z (tt-n)(n-r)oSty") = '\ 
--

n-N

(N-n) (n-1)

o2N

(xx2)s+(¿x)2

Ev2(1" evr(i")

-J" "t,-il) l
ii*i[;i;;J I,J

terms involving cl

+ and. ü; wnose expecta- (e.SS)
]-

tion is zero.

(e. sl+ )

(z.s>)

1

[ (rx)"-x

["*,f'fî]'1"

¿

I

J
tl*l![*''"{

ll.*bl,|' '*ÉllU L" ILttr*r"-*r]=j J"

-2

Therefore

evr(Í"¡= Jn-") f
T"-1) l*

It"

tl
JJ

'[t"-'r

_t ,

" (i+
¿
I
I

)

+68

-9rX-, =-'-2 x

J4 I"

(rx)"tl



l-r.

f f" lrxt) r t lJ)
-{¡¡l "-*i-*i lllç.

(i*;It(rx)"-xr1¡(rx)"-"¡]J ) Å I
turning to the eva-luations of

estimators, we further assume that

nor':nally d,istributed. so that

, h, . 302*Ie(ui lxi/ = r-

average MSE|s of the

u. are independ.ently

the

the

Q.se)

variance

and.

.("1"31*i, *j I = o2*l{ i l.i = r, 2,. .. ,N.

(2. sr )

(2.s8)

Now

(c+ü)3
-?x

(o+ü)2
-2x

(o*ü)l
orTlx)

2lSSI
r Xtl ìI -l- 4 : "l + te::m's whose average expectation

x 
is zero. ( 2.3g)

lh(u-rr)2(rr-r)2 , \r, . r ¿--¡-2,r ,- --.-1-.-1, .,2

- oh[ (r,-r-) (¡i:-t,"-,l*f :-1i;-1)"]'

+ (¡ ¡ü:ü:i:-1;'-t.13 + o2[r+(n-r)2(¡üj;j*):
i#itJt J

-1): \(n-r) (iü;i:-2,",ï*3,ïi*ü;ti;-lij-t)"1

r24ssx tct¡
+ 2s2s2xu

,2
-IÞù u

l+
s

L

+ (n-1)2(xüj2;j-2):

r, an r, l+"2
(o4*6o2112.*ü4¡ *+ G2*lr2) n 

"_1-¿ux

,24ss
X l(lt t^ è-.-3t
-? lScl u+u /
x

(r rtü;+ü¡ti;-li¡
í#j r' J r- J
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-]- -1 . -1 - -'l+ (x x;j-';:--)-(x xñ.:ü:i.i--i:-')^l ] + terns whose average ex¡rectation-i#ja J'si#jtJt J s

is zero (2.\o)

Using tbe formulae gÍven in Append.ices I ancl ÏÏ, ve get, after

coasid.erable simplification )

16.

z (n-r ) ( ¡[ : 
2-*' -2, 

", Ì*rroiojii-t;j 
-t 

) s + 2.-2 l(n-r ) 
2 ( oj -' ) 

" 

( ¡uj 2*j -2 
) 

"

(n-1 ) ( xij, 
",1*joinjxi-t;j-t 

) 

" 
- (n-r ) ( :*:i r-Ioj -t ) 

" 
{ ru; 2;; -2 

) 

"

,]l

(e.l+r )

(2.¡z)
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J"[ (rx)"
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xrJ[(rx)" - *jJ[(:*)" - *ul[(¡x)" -'*s]

+ \ [ (n-r )2*(o-r )h ]
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{
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(xxt )s-xÏ-x:
(lx) 
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J [ (r*)"-*, J t (r*) "-\]2

+(xx"ít-
Ir (rx)"-x. I [ (rx)"-*, ]2i {r*)"-*ul

(xxt )s-xÏ-4
(rx)"-x. l2[ tr*)"-x, J [ (rx)"-xuJ
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(rx) 
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tr*tl"-{-{
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/Þ
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IJs

-3x

XE
17J
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- r-("-1)s1

+
x.t ^rj--¿tI
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i+J+k
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xxt
aFJFlc

J"

I
)"

I
J"

- ,("-1)31

)s
t-x-

1
)

xx¡
LFJîE

EE¡
ítJtk

f

Lt

xtxx
j,tJfklL

1"

Il

l-
It

ttt

(¡*)s-xi ì [ (rx)"-x, J [ (r") 
"-A] 

[ ( rx)"-x* J

(z.t+z)
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Ihe id.entities given in Append.ix fII r.¡ere used. in the eval-uation

of the nultiple-fold su¡mations involved in e(v!).

The average bias or vr(i") (i = t, 2, 3) as an estimator of

v(tr) is given bv

eB(v.) = Evi(t") - ev(Í"). (e.hs)

The average MSE of vr(i") i" given by

erISE(v.) = 6[vr(ir) - v(ir)J2. (z.Urr)

Eor,¡ever, the evaluation of el{SE(vr) is d.ifficult. I,Ie therefore

employ the alternative eriterion

errtsu*(v.) = Elvr(i") - ev(f"¡12

= qlvÍ(t") l2 - 2[Evr(i") ] [ev(f") ] +' trv(i") l2 Q.U5'¡

vhich is readil]r evaluable by usíng the forrul-ae for e [rrr(Í")i2

"lrd tvi(i") aeri.ved above.

:-
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CHAPTM III

B4PIRTCAI STUDY

In this thesis, we exarnine onJ-y six populations and three sample sizes

(n = h, 6 and.8). A more extensive study, hov'ever, will appear in

a Techaical Report of the Department of Statistics, Universíty of

l[anitoba. Moreover, the concfusions presented. here are si-miIar

to tbose derived. from the more extensive study. Table 1 shows

the source, nature of the character x, the popuÌation s_ize N and

the coefficient of variation of x, Cx. The populatíons are arranged.

accorrling to increasing ord.er of C*, l¡.here N ranges fron \p to 2TO

aa¿t C__ ranges fron O.\2 to 1.01.x
To compute the coefficients of a2 arrd ô, in the forrluJ.ae for

average MSEts or average variances of the estimators given Ín

Chapter Iï, we need to draw al1 tn. (fl) possible s¡mFles of x-values.

Eovever, ([) i" very large for the population given here and, due to

1ír¡Ítations on available computer time, ve ad.opted. the following

procedure for eomputÍng the coefficients: From a given population

of size l[ 21000 ind.epend.ent sa.mp1es, each of a given size n, were

clrar¡n at random v-ithout renlaeement and

,N.t-J 2ooofiau

tÏl-t E h(s) is approximated by x h(s)/zooo, where h(s) is a

fi:nction of the x-values in the s¡mtrrIe s. Some prelímÍnary cal-

:ry satisfactory

for the comparison of the estimators or varianee estimators.



Pop. No.

1

2

5

h

5

o

Desorlptlon of

TASLE I

the Populatlon (*""rrU"U Ln Increaslng Orcler of C--)x'

tvtr.rrthy (rg6f ) p.

Bionetrika (fg:g)

" suLtatre (1970) p.

Bíometríka (rgtg)

Source

Kish (1965¡ p. 625

cochran (:..g6ï) p. 156

131

VoI 46 p. 1?B

256

vol 46 p. 1f8

Nature of the Character

Length of Tinber

Gamma (rr = Z)

No. of VíI1ages ín a Circle

Log Normal

No. of Dwellíngs

Size of Cities in U.È. in I92O

r76

100

Bg.

100

270

)+g

0.42

o.59

0.61

o,75

o.99

1.01

, ì'i.
l ':':



Comparison of the êstim¿tors

We d.enote the coefficients of o2 and. ô

the estimators bÍ 4", h, Af, Ag, {ufr.A* and.

D, respectively, r¡here the subscript in A or

mator. Tables 2, 3 and. 4 give the values of

21.

in the average MSE of

}\î'N Tì N Tì TIuJ uTt -Bt -Tt uH, uM,

D indicates the esti-

the ratios

3to = AnAu, E2o = o"/\, t3o = AB/A', E¡.,o = tr/Ar ¿nd E5a = An/A,

anci of the ratios for 8.,¡r...r85ô, where ErU is obtained from E.o

þ replacing A by D (i = 1r...r5). The following conclusions may

be clrar¡n from these tables: (1) Miet<eyts unbiased. estimator is

superior to the Hartley-Ross estimator as EIo i" consid.erably

greater than 1 (especially when C* is large), tlO > I for t = Or I
(qO is considerable for t = 0); for t = 2 r¡e have 0.96: EIô:1.00

for the first four populati.ons (rrith moderate c*) and, 0.91 < Eru 5 0.96

for the populations I and. 6 (with 1arger C*). (Z) ¿s expected.,

th.e effieÍencies of Bealers and. Tints are virtually equaI, expecially

vhen c is not large. (3) tints estimator is significantly betterx
than Mickeyts as E\o t 1 and, for all t, E,*ô > 1. (l¡) for t = 1

ancl 2, Tints estimator is better than taenouillers as t56 r L and.

o"99 1t5o:2.6L; for t = o¡ 0.9T I tru 1r.67. (5) gints esti-
mator is s1íght1y more effieient than the classieal estimator as

,Ao r 1 and., for t = 0, E2ô > 1. However, this efficiency is

reversed for t = L ancl 2, sínce, for t = 1, 0.95 Í EZO Í 1.00,

and: for t = 2, O.ge . EZO 1 0.98. (6) es n increases, al1- the

E-values (exeepting 
1_) tend to 1.



vatues of; E o = fu/qu, Eao = A"/fun E3o = h/\, Eho = fu/fu, E5o = oq/A,

Coefflcient Poþ. No.

20

t=0

t=1
L=2

Etô = DH/DM, 826 = Dr/Dn, E3ô = Dg/fo, Ehô = o"/D*, E5ô = on/D,

'{1,:

Et

ct

TASIE 2

t.g6

1 1?

1.01

0.99

Ez

r.35

1.10

o.99

o.9z

u3

n=l+

E\ U5 Pop. No.

2
d

t=0

t=1

t=2

1 .02

1.01

1.00

o,99

2.BB r.e8

r.j9 r.16

r. ol+ o. gB

o.gB 0.88

r.22

1 .02

1.00

1.01

0.99

0.99

1.01

I .02

1.01 1.30 L,O2

1.01 1.02 O.99

o.99 1.01 1 .02

o. gB I .05 I .05

r,55 r.16 r.oo L.2j 1.05

1.14 r.rh r.01 1.ol- o.gg

r.o2 0.98 o.99 r,oz r.02

o,97 o.BT o.98 r.o6 r.o6

k!
l-

2.30

r.79

1.10

o.96

E-2

r.22

1.19

o.9T

o.B)+

r'Ì-3

1.00

1 .02

o.99

o.9T

Et,

6.09

7.85

ï "52

0.91

r.48

r.o6

r. o6

r. 16

fi

-5

r.75 1.09

r.l+l+ r.o6

a.95 0.98

o. Be o .9j

1.11

0.99

1 .05

1 .12

9.06 r.09 o.9B r,Tz r,z3

u.58 r.16 1.01 r.r2 1.or-

1.30 0.97 o.99 r.r\ r.oT

o,95 o.8z o.96 r.3T r.r8

z.sB z.6t

1"51 t.6T

r.r2 I.23

I,2T I,2T



Values of: E o = fu/qo, E2o - Arlfo, E3o = h/AT, Eho = t/fu, E5s = oe/AT

Eto = D"/D", E2ô = O"/Or, 836 =.Dg/Dt, El*ô = O"/Dr, E5ô = On/Dn

n=B

Coefficfent Pop. No. E1

.2
d

2
d

t ='0

t=1

t=2
.ô

1

TABTE E

r "99 r. rl+ t. OO

1.06 1.05 1.OO

1.01 1.OO L"OO

1.00 0.97 1.00

Ez u3

2ct-

t=0

t=1

*,=2

Elr

2.95

t.28

1.03

o,99

1"06 1.00

1.00 1.00

I .00 I .00

1 .00 I .00

U5 Póp. No.

1.15

1.08
:

o.99

0.9h

1.00 1.10 0.gg

1.00 1"00 o.gg

1.00 1.00 l_.00

1.00 1.01 1.01

1.87 1.12 1.00 1.Og O,gg

1.og 1.08 1.oo 1.oo 0.gg

1.02 O.9g 1.00 1.00 1.00

0.98 0.93 1.00 1.01 1.01

Et

2,9O r,r2

1 .50 1.13

:.06 , 0.99

o.9T o.89

Ez ',83 Eh

1.00 1.15 1.01

1 . 01 1. OO O.'98

1.00 1.01 1.01

o.gg r. ol+' 1. 05

13.88 r"hs 1.03 r.)+h r.r\
8.39 t,z6 1.03 1.05 o.9T

1.37 0.98 1 .00 I 
" 
02 1. 03

0.93 o.86 o.98 1.oB 1.09

ñ

B .77 r,o2 o .99 r.23 1. oB

B.20 r.r\ 1.ot o.99 o.97

1.19 O.gB 1.OO 1.02 1.02

o.9j o.B5 o.98 r.11 1.09



varr¡.es ofr E, - fu/\nr, Ee*= Ao/\, E3* = \/\, Eho = \,r/\, E5o = En/4¡r

Coefflclent Por¡. No.

2o 1.91+

ft=o I 1.ol+
I

/ t = r t.ol
I
I t = 2 1.00

Erô = fu \'{' E2ô= Âr \' E3ô = \ \' thô = fu 4¡n E5ô = Ae fo

n=12

20 2.BB r.o8 1.oo r.o6 r.oo

[Â,BLE h

Et

t=0

t=1

t,=2

Ez

1.09 1.OO 1.01+ 1.00

I .03 1.00 1 .00 1 .00

1.00 1.00 1.00 1.00

0.98 1.00 1.00 1.00

u3

2
o

t=0

.l=2

Eh

1-.18 1.05 1.00 1 .00 1.00

1.02 1.00 1.00 1.00 1.00

1.Oo O.96 1.00 1.00 1.00

t5 Fop. No.

1. gB

1.06

l_.01

o.99

I .08

I .05

1 .00

o,95

El

3.33 1.08

1 .31+ 1 .09

1 .05 O,99

o. 98 o.g2

1 .00

1 .00

1.00

1.00

Ez

I .05

1.00

1 .00

1 .00

çt-3

1 .00 I .09 I .00

1.00 1" 00 o.99

r-.00 1.00 1.00

1.00 r.o2 r.o2

1.00

1 .00

I .00

1.01

Eh

u.1l+ r,2g 1.02 1.19 O.gl

6.zo 1.17 1.01 r.or 0.9'(

r.26 o"g9 1.00 1.oo 1.01

ci.ge o.90 o,99 r.03 1.0l+

t5

7.Tt+

5.r9

1.13

o.g6

1.05

1.10

o,9g

0.89

1.00

r .00

1.00

0.99

1.11 1.01

o .99 o.98

1.01 1.01

r. ol+ r. oh

r::.1'l
.ii
:ì,i
:,,::
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The above conclusj.ons are remarkabl-y similar to the analytical

results obtained. by Rao and Rao (fgfi) under the assr:mption of a

æma d.istributíon for x and, infiníte population size N.

Comtrarison of thê variance' èstimâtors

Tables Jr 6 and. T give the values of the coefficients of cr2

aacl ô in the biases of vrr vj and. v3 as estimators of V(f"). We

clenote tbe eoeffieients of o2 by -Cror -C, and. Cro ancL of 6 by

-C1ô, -CrU and- Ca6 for tlr t2 and. v, respectively. ÌÍe draw the

follorring conelusions from these tables: (f) v, eonsistently

r:ncterestimates V(fU) whereas v, eon=i=tently overestimates V(!")

for all t and v, for t = 0 on1y. (e) Cro , CZo and CrU t C2ô

for t = I an([ 0tô * c26 t o for t = o so that le(vr)l t le("r)l
for t = O and 1. For t = 2¡ C1ô . C2ô 

"o 
that the eomparÍ.son of

fg(or)l *itr, le(vr)l depenas on the value ot a2/6 unless o å 0

(i,.e., regression approximately tlrrough the origin). (S) cSo , CZo

ancl cao t -a2ô for t = 0, c36 t C26 for t = 1 so that

In("r)[ . In(va)l ror t = O and 1; for t = 2, cag. C2ô so t]rat

the eom¡arison depend.s on o2¡6. (l+) For n"] 8, C3o * Clô for all

t antL a3o . aro o" a3o = Cro (excepting for n = B and population 5)

so that 13 *y be preferable to v, with regard to absolute bias.

ï{e now turn to the mean square eruors of the variance estimators

o1, o2 and vr. Eere çe confine oursel'¡es to examining only the ô2-

te:ru in the m.s.e. (clenoted. by F-. F^ and, F^) given in Tables B, !'J-, '2 *** -3', Þ'

antl ]-O (assr:ming q I0). ft is clear from these tables that



TA3LE 5

Coeffieients of c2 and ô in B(vr), g(rrr), ¡(yS)

(Origina1 Val-ues Ùh:ltiplied by 1000

Except for Those Ind.icated. by a *)

n=4
Pop. No. -Cl -CZ a3 Pop. No.Coefficfents

{.=,
!t=2"

t=0

19

30

" l.66

Lr9T

I
I

I

t

2

t=0

-TT
101

1T7B

*=l

i=2

hr

53

75

151

22

hr

131

l+l+3

10

_27
)+l+

4l+

6z

158

555

-c1

5T

7B

6o

223

22

Z't+

?B

766

r.67

rh2

52

;ì

j:

:

f.

:

':

' 'l:'
' :,,1:

:.lii
,,:.t,::

: ,:,

-c2

I+z

107

h3

23"

l+ l+

l+2

31

T2

lOl+

t3

71)+

382

3\tt9

75|ß

8g

158

35

5

r09

303

- r52

1925

1l-6*

21l+

185

111Ê

ro69*

2370

r255

l+rgB

21åç

rB3

35

rlÊ
4

1\Bh*

59

:r6',t+

lç

6

t+

Y



Coefficient

TABTE 6

Coefficients.of o2 and. o in B(vt), B(ve¡, n{vr)

(0riginaL Values Multiplietl by 1000

Except for Those Tnclicatett by a x)

n=B

{l::

Pop" No,

fr=o
{t=t
It=e

2
0

-cf

3

'T

4l+

350

-c2

l'r=o

1,=,

-l-

3

22

hr¡

2

c3

6

10

rB

)+ l+

Pop. No.

5

23

-1

- 5.

10

6o

135

T2

1l+

4r

170

10

-c1

6

tr

tg

2.Og

;:,

;i

rl'

:'

11

h0

-c-2

r7

2T

1?

27

9

6

î
"3

11

9

19

hB

108

Blz

3o*

t6

T5

20

33

23

u+g

l+o*

173

65

627

l+T

z7

' l+r

9

1 ??2

6zo*

237r

l+06*

*
13"

l+ l+

2T

rl+70

B3*

:,i.
:1!..:

:1)',.



TAsLE 7

Coefflcient of o2 and ô in B(vr), B(rZ) an¿ g(v')

(Original Values Multiplied. by 1000

Except for Thosei Indlcated by a x)

n=12
Pop. No. -C1 -C2 a3 Pop: No:Coefficient

t=0

t=1

t=2

t=0
+ -1u-¿

.1

2

.16

130

t,=2

0

o.2

9

TTT

t=0

t=1

0.3

2

5

Ã

1l+

- 0.2

2

9

59

4

26

3.2

4"

1l+

68

-c1

3

l+

I

t1

B

5

5

2

A

-c2

6

-l+

3.0

c3

3

}{

2\

39

18

3l+1

1L*

B

o

11

I
185

19

2'l

'ì?

]-2Ag

.235|É.

36

L5

2r7.

6

22

3

66:-

12

A

l+gh

3gx
*

?1 )

¡i:



TABTE B

VaLues of Frr F, ancl Fr(Coefficfents of ô2) fn USU(vr), tUSn(vr) and MSE(vr)

Respectlvely (Ortgfnat Vatues MuJ-tipt-1ett by 1OOO)

n=4

t=0
+-1

Pop, No.

t,=2

t=0
t=1

1

t=2

Fl-1

\s t23

2221+ Zl+6o

IBT* r33*

+-n

t=1

t.= 2

Íl-2

,Ê

Origlnal values as is.

t O"igÍrr.l values nultÍpl1ed. by 10-5.

\g

160

t266

T'-3

IT9

399\
*

228

194

189

?11+

Pop. No.

.50

527

,1bT

335

378

1550

181

/1. ^o4J

B*

ï',-1

277

rr92

17rÊ

T2

22

31

rl-2

525

32

.12

0.2*

5O$

l-.3t

t3

1105

75

32

7*

B9*

B6

592x
'+

305 i

+
o.l+ '

loTrf

6or*
+

L.5',

518

gzrx

T9'

BB7

rgzox

.23r'tl



TABTE 9

varues of Frr F, antt F, (ooefffclents or o2) fn MSE(vr), usn(vr) ana Msn(vr)

Respectivel-y (Ortelnal"Vatues Multiplied by tOO0)

n=B

t=0
+ -1

t=2

Pop. No.

t=0

t=f

t=2

Ft

t=0'
'+-1

't, .= 2

4

237

22x

Fa

7

2r2

l-Brß

*
Original values as 1s.

+ -q' Orlginal Values multlplied by 10 '"

l'

17

16\

F^
.5

B

306

23*

9,8

tg

l-13

Fop, No"

h

56

18l}6

10.9

26

190

11

63

r22g

Fr.-1 -2

12

88

2083

5

2"5

5

'

22

3

2

9

5628

+
0.2'

Tt-3

'(2

T32t
+

o.L'

27

q

" o.

5

6t*

l+7.

28l+

20302

+
0.3'

2T

7orß

+
19'

28

13gfÊ

+
,7',



Values of Frr

t=0
+.-1

t=2

TABLE 10

F* antl F, (Coefficlents or O2) tn MSE(vr), tusn(vr), antl MSE(vr)

Respectlvely (Origfnal Values Multiplletl by 1000)

n=l-2

Pop, No.

t=0
+-1þ-r

t=2

Fr-1

t=0
+-1

t,=2

1.L

65

6r:o

ñ-2

. tr.78

6t

5098

IT

Original values as 1s. '

+-5' Original values multiplletl by 10 '.

1

4.?

l+.8

Tt'3

1.8

76

6t6o

2.06 
:

h.B

35

1

15

538

Pop. No.

2.11+

6

l+g

2,I

16

38?

Fl

2.2

20"

57:.-

I

0.68

L,5

r,:l

Fz

1.8

r575

7Lzrt

3,6

0. ?3

0.9

Il-3

10

lBl+9

39g\*

3.9

I

I,T

I

15*

13t

1?

3h7B

*
9502"

3.8

1T*

+
7',

l+.)+

s
29"

lTt

ìi,':
ir:'
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23.

Fl . F2 < F, for t = 0 and. 1 r¡hereas F2 . Fl < F, for t = 2

(Vr/t, is close to 1 for t = 1 .*""itirrg population five, but

rt is consid.erably larger than F, for all t especially when

o:8 and. C* is J-arge)" Consequently, v, Ís the least stable;

v, is more stabl-e than v, vhen t = 0 a^nd. I and, for t = 2, v,
is more stable than vr. It may be noted, hovever, that v, has

maller absolute bias than v, for t = 0 or I and. the converse

result fort=2.

Ihe above conclusions are again sìmil¿r' to those obtained.

by Rao and. Rao (fgff) assr:¡ring the gânrma distribution for x and

infinite N.

Conelud.ing Femark

¿¿ irnForta¡t eonelusion from this study is that the results

oa effieiency of estimators (and. to a lesser exbent on the variance

estimators) are faÍr1y insensitive to, the d.istribution of x-values

in the population. - fhis resrút is very encouraging because one

cou.l-d. get ana]-ytical- results, by assuning a gâÍma d_istribution

for x, along the lines of Rao a¡d Rao (fgff).
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.APPENDIX Ï

SOME IDTNTTTIES USÐ IN rHii DERIVATIONS

1. e [ü21 =

3. e[üÛ1 =

i. ,t"fu1 =

eIs

els Ul =-)<u-

,2-2,€ts 11 |-xu

g. e[s*oü31 =

10. "l"fl =

11. .t"ll =

[-(r")21
I Sl

Ê t-l-t 2 |

LAJ

fN
l{:..,)"{r",

'[\

Ê

è

2.

L

. [û2]
lì1",,!ll---lL*'l
F'",1-l

trl
( ¡xu)" ( ru) 

"

,[ü4 ] =

ir-
xll -6"

7"

8.

e

- zn(rx)"(rxu)"{r")]
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l.2. , 2-2,elsuu I
n(xu2)"(r,r)!

o3(o-r).

rh.

{r,t;;21;rtl,"

(¡e[ü ü:/x: ] )-
.J.JÞ

- n(xxu)sfr"l]

't-lsl-l
(rx)"(run(¡x)s(r,r2)"(r"l! *

o3(o-r )2

e[ü(¡ulx)"]

A
e[{ru/x)!] =

tâ " 2, 2.,
\¿eLu /x J)s

etr(üj /xi) J2

eti(rü;/ï; )=i

etú(rü;li; )"1

"t(rü;2/rj'l3l = (ret;;42;;htt" *,Ì*3"0i';;22;12;;2t l"

L5"

16.

LT.

r8.

,ï*l't,riuj/;i;j I )s

19..

20.

= (rett uj/xjl)s

2:.. e[ (rri,:ü¡/ljxt 13l = z(t,tet;;2;;22;:2;;2] )"r'J rrJÞ i#i

* h(r,1 ,¡e[ü12ü;El;¡2;;4] )" + (r .r r re[üjü:{;¿t;;;;4;i] )s
i:#J*v r ,JÁ r,JÄ " i't1+t<tL ¿'Jr

(xelu2/xl )s
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APPENDIX TT

Ín thé d.erivations | . r r\(assum].ng rne mooeJ_/.

28.

Some formulae used.

Ihe model is

lf.=o*Bx.+u.'1 1 L

rhere

r(.rl*i) =

'("11*i ) =

e (uru, lx, ,

et (¡u)31 =

0,

^tÖXi r

x.) = O

ô(rxt)s

i J r -ru -t 2r...rN.

N N-
e[(¡u.)] = o(rxi)

rttmt)!l = ô(x*t*2)"

2"

)+.

l_.

3.

5.

7.

8.

6."

= ô (xxt )s

,*t)s

N
e[(ru)"(rur)1

e[ (¡xu)s(Eu)s]

ñ
.tY

e[ (E:m)"(rur) I

N
e[ (xu)"(Eur) i

' e[(¡u2)"J = ô(

I- z-l
loi | ^ t-te l-l = ox.rilr
fz1
I'i I - t-zt l-l = o*i

L=il

= ô(¡xt)"

= ô(¡*tn1)"

= 6(t*t*l)"

9.

r0"



-:TÈ.rt::-:;-:. j'?:,:i::ì.

11''H= ii'Jl. - *l'L'r'útl

rt"

,[:il
L "jJ

,[og
L ;jJ

-¡-u

-A

rz.,l-oisJ =.ffi
13.

É:t-l,_r,ro[_(rJ)"_:C--l
L5' 'þTl = (' 

[!(rx)" -fl

t6' 'FJ=(n-t)2ôt

le'"[ffi=2(n-].,"ffi

29.

xrÌ{(xx)" - xu]

*t)

ir:ì'j¡l

-](SK -x^
ÞI,



30.

20.

21 .

22.

23"

2l+ 
"

25".

27.

fü:' * ;r;il'lHJ

l- ü:t Iel*l =

[ii -j'ti

, [__üi 
üi -l

-Lni'nj 
{

(¡x)s

(rx)s

(rxt)" - *1
- *r]2{(rx)s - *j}t

(¡*t)"-(*ln*+

:)
(rx)"-xrÌ{ (¡x)s-xJ }{ (xx)"-xu}2

(¡*t)" -

- x.]{(¡x)s -

(xxt)= - *T

,2
J_

(n-r)20[

(¡*)"-*r]{ (rx)s-rj }2{ {r*)"-a}

(E*t)"-(*l**¿.

l)

= (n-1)2

(o-r )20

t
ll

t_

I

(¡*t)" - (*l * *f )

(rx)"-x. Ìt{ (r*)"-*, }{ (rx)"-a}

-x.st_ -&s.K SJ¿



?'r
J1 

'

errors u- are ind.epend.ently and.
1

-5 (*l+{ ) }+e (*?t+-lt l.xl*f
*rÌ2{(rx)" - *r}'

i:r::::r:r::

Assuming further that the

nor"mal1y tlistributed. so that

, ht \ ^^22te\uilxi/ = 50 x.

.t"f "!l*i, *j) = ut{*;,
ve get

zg. rt(rlr)!l = 302(*tl3

30. e¡ lrxu)"2(xu)31 = ô2[ (r*t )"(¡*tn2)" + 2(xxt+l)3]

31" e¡1r"z)lJ = ô2[tlJl! + elr*2t)"i

32. e[(Exr)"1fu)]l = 302(r*t)s(¡*t*1)"

33. e[(xu2)s(ru)3] = ô2[t#l! + 2(rx2t)s]

gl+. e[(x:n¡)"(ru2)"(ru)"] = o2[ lrxt)s(xxt+l)" + z(rx"*t)"]

35. .H=*ffi
36.
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32.

s8. ^"2=JO

E - - -- 
= r,

lu!ulqfu'" I

39" .l t J * "l
l¡i;j".,*;J l_t 

{r*)"-x. }i (xx)"-x.}{ (x")s-yÌ}{ (rx)"-xu}

(x*t)"{ (¡*t)"
?

- x.]-{(¡x)s - *j}
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APPE¡IDIX ÏII

The following relationshiFs have been used in the computation

of the multiple-sr:mmations in e(USU vr):

1. l.E rib, = (xai)(xbi) - ¡a.r.
i#j 1i i" i' -ii

.z. l,l ,.x "ib.i"k = (lar)(¡¡. )(zer) - [(xai)(¡¡.c. ) + (rrr)(ra.c. )
A?ÊJ7K

+ (xcr)(ra.¡. )l + e¡a.¡.c.

3. x x x x a-b.codo = (¡a-)(xb.)(¡c.)(¡di¡ + 2[(Ear)(ft.e.a.)
llflf:Kfg, 1JK)L L

+ (rtr)(xa.c.d.) + (xcr)(ra.¡.a.) + (Edi)(ra.brer)J

- [.(xri)(xbi)(re.¿. ) + (rar)(rcr)(xbidi) + (xar)(xdi)(m.cr)

. + (xbi)(t"i)(ra.ar) + (¡¡. )(xdt)(xa.c. ) + (rcr)(ra. )(rarur)J

+ (Eaibi)(¡e.4.) + (xa.c.)(¡¡.4.) + (rardr)(rt.c.) - 6la.bi_"Ídi.
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APPENDTX TV

COMPUTER PROGR.AM

lhe computer progrâm given here consists of a main program and

fiwe subroutines. The main progran generates 21000 ra.::d.om samples

each of a given samFle size n for any given populatíon. The rand.om

salrple generator is the IBM Subroutine RANDU whieh generates pseudo-

random numbers from a uniform d.istribution. The pseudo:random

nr:mbers begin to repeat themselves after approximately 101000

seleetions. To overcome this drawback, a ne'w' starting position 
r

LR is reatl into the generator for eaeh new populatÍon (after 6'O0O

seleetions ) .

. Tbe flovchart for subroutine SUBXI shovs the 
^calculation 

of

the vector A wbich contains the d.ifferent term" ,."u¿ in the three

estimators explained. in the program. The vector ¿(f.1, IP) was

partitioneci into tvo parts as it vas forrnd that round.-off grrors

were large for certain te:ms. TmMS(f ) uaa no round.-off error

for n < 3 and. onJ-y required a minor ad.justment for n = 3 (where

STof(]-) = (Ex)" was d.ivided into a]-l terms)" TffiMS(2) showed a

higher d.egree of diserepaney, so STOT (z) = (fx2)" *u," lru"d"å u,"

a stabilizing factor. The proper factor STOT(I), f = 1,2 vas

re-entered. after the round.aoff error hatL been overeome.

The flowcharts for subroutines S[IBX2' SUBX3, SUBXI+, anil SUBXS

are aot shorrn, as their logic needs no external explanation.
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FLOWCHART FOR I,{ATN PROGRAM

POPVÆ (NTOT )



s6.

FLOWCHART FOR MAIN PROGNÁ}4
(continued )

IE=IH+1
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ELOWCHART FOR SUBROUTINE SUBXI

STA.RT

K =.rr2

sror(r )

I=ArT

T=3
J=5

T-1l,-J-

J=3

A(IJ,IP)
IJ = ïrJ
fP = 1rh
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COI4MON/AAAA/ XXX ( I2)
C0Mþ!0ll/BBBB/ SÂM' SAMSIZT SAi'lSAPt' Slt S2t SSI
c0irlrrl0N/c ccc / BL uE r BL ACK
C0Þ1MDl'l lDDDD/ TITLE( 18) r NT0Tr CV
CûMMO:'t/EEEE/ ALFAIT ALFA2, ALFA3T ALFA4T ALFA5T ALFAór ALFAIBT

I BCOËFl(3)r BC0EFZ{3)' BCOEF3(3}r BCUEF4I3}r BCOEF5(3lr BCOËF6(3)
C0l'4MON/FFFF / }COEAV( 3) r ALFlX4r ALF2X4' ALF3X4' ALSQI T ALSQ2T

1 ALSQ3T AS0Df(3)r ASQD2{3lr ASADll3l¡ DELSQI{3}r DELSQzl3l ¡
2 DELSQ3{3}, DELTAI{3) I DELTAZ(3)' DELTA3(3)

CDt4f'l0N/GGGG/ PTOT(2) r PT0Ttr PTOT2¡ PPTOTT ANTOTT AANTr Alr ÀTlr
I VARPOP ' PÛPVAR

DI14EI\SION POPVAL(270} I IRN{ 12I I JJ( 12I

INTEGER SAM

NTOT - POPULATTON SI¿E
SAM SAMPLE SIZE

1 READ l5¡2rEND=20) NTOTr SA¡4t NNNt MtlM
2 FCRMAT {+T5

LR ODD NUMBER USED TO GENERATE RANDÛM NUMBER GENERATOR

IF (ItNN.NE"I) GO TT 4
READ 15ç3} LR

3 FÛRMAT { I9I

TITLE VECTOR CONTAINING HEADI\¡GS FCR EÀCI-I NEI.I POPULATIOI'I

+ IF {Mt4t1.NE.ll GC TO t0
i READ 1515, (TITLE{ I ) rI=1 r 18)

5 FSRI4AT ( t8A4)
c
C PT]PVAL - VECTTR CO¡¡TAINIìI'¡G THE POPULATICN VALUES
c

REÂD (5ró) fPnPVAL{I}1f=1rNTûT}
6 FORMAT ( 1óF5.0)

PTÛT VECTÛR CIF LEI'IGTH 2 CÜNTAINING PÛPULATION CALCULATIONS
PTOT(1) SUM (XI}
PTOT(2I SUM (XI**2)

DOl[=L¡2
7 PTCT{I}

D0 9 I _ 1ri\jTOT
PI = POPVAL(I¡
PA = PT
D08J=L¡2
PT0TtJ)=PT0T(Jl+PI

B PI = PI*PA
9 CONTINIUE

PT0TI = PTCT(1,
PTûT? = PTCT(2)

c
c
c
c
c
c

c
ic
ic

c
c

tc

c
c
c
c
c
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c
c
c
c
c

c
c
c

PPIúT = PTOTI*PT0Tl
ANTOT = NTOT -

AANIT = ÂNTCT*ANTCT
Al =NTOT-1

VARPOP POPULATIÜN VARIANCE
SDPOP PDPULATTû¡J STANDARD DEVIATIf]I'.{
CV COEFFTCIENJT OF VARIATION

VARPCP = (ANT0T*PTOTZ PPT0T) /lA1*Ai,lT0T)
SDPOP = SQRT{VARPOP )

CV = ANTûT*SD PtlP/PTOTl
ATI = Âl*pTOTt
AAT = ATI*AT1
POPVAiì = AI.ITOT*VARPCP

f0 SAMSIZ = SAM

. SAMSA|-rt = SAIISI Z*SAMSI Z

St = SAM I
52 =SAM-2
SSl = Sl*Sl

BLUE = l.O/ SAMS IZ L"Ol AIJTCT
BLACK = BLUE*BLUE

INITIALIZE ALL TERMS

ALFAI = 0.0
ALFA2 = 0.0
ALFA3 = 0.0
ALFA4 = 0.0
ÂLFA5 = 0.0
ALFA6 = 0"0

c
ALSQI = 0.0
ALSQ2 = 0.0
ALSQ3 = 0.O

c
ALFIX4 = 0"0
ALFZX4 = 0.0
ALF3X4 = 0.0

c
DO ll [ = 113
BCOEFI(Il = 0"0
BC0EF2{I} = 0.0
BC0EF3(I) = 0.0
BCOEF4(I) = 0"0
BCOEF5(I) = 0.0
BC0EFó(Il = 0.0

DELSQT(It = 0.0
DELSA2(I) = 0.0
DELS83(I) = 0.0

DELTAI(I) = 0.0
DELT^2lll = 0.0



ho.

DELTA3{Il = 0.0

' 
!:".i: .;;.;

c
ASQDl
ASQD2

1 1 ASQD3

I
I
T

= 0.0
= 0.0
= 0.0

THIS SECTION GENERÂTES 2OOO RANDOM SAMPLES

TÂKEN hIITHOUT REPLO6S¡\4f NIT

XXX - VECTOR OF LENGTH 'SAM' COh¡TAINTIIG THE SAMPLE VALUES

c
c
c
c
c

lH = 0

LZ IH = IH + I
IF (IH.GT"2OOO) GO TO 19
DglB[=lrSAM

13 LR = LR*65539
IF {LRl 14r15¡15

L4 LR = LR + 2L41483647 + I
t5RL=LR

RL = RL*.46566138-9
fRN(I) = RL+ANTOT + 1.0
IF (IRN(I}.EQ.{NTDT+I)) GO TO 13
TF (I.EQ.l} GO TC L7
11 = I - t
DO 16 K = lrll
IF TIRN{I}.EQ.IRÎ.J(K}I GO TO 13

1ó CONT IÈ'IUE

17 II = IR¡l(I)
XXX(Il = PTPVAL(Il)

18 CONT II'JUE

CÀLL SUBXl

G3 TO L2
19 CALL SUBX4

GOTOT

20 srOP
END
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SUBROUÏI NE SUBXI

COMI.lCN/AAAA/ XXX ( I2 }

CCMÞlûil/BBBB/ SAM r SAt4SI Z ' SAI'4SAl''lr S1r S2 t SSI
Cf,i.ll',l0¡l/HHHH/ QVlr QV2r QV3r QV4r QV5r QVór QVTr QVBr QV9r QVI0'

I QVll r QV12 r QVl3r QV14 r QVl5r QVlór QVl7r QVfBr QVl9r QV20r
2 QVz1¡ QV22¡ QV23r QALl-21¡ QA2(2}r QA3(2)' QA4(2}r QA5(2lr
3 0Aó(2)r QA7(2)r QA8(2)r 849(2)' QA10(2lr QAfll2lt QA12(2)t

2l ¡ QAI5(2) ' QAl6{21 r QA1712l ¡ QA18(2}r QA19(2}'
2

C0r,lIlCIl/IIII/ STOT(71' SST0TT STlr SSTr S2T0Tr SVARr SAT4VARt SSVÀR
C0Mi'ltN/JJJJ/ Qlr Q2r Q3r Q4r Q5r Q6r Q7

"c
c

c

4 gAt3(2lt QA14
5 QA20( 2 ), QÂ21

DIivENSION A(5r4) r X{5 }

ESUIVALEt'iCE {B lr Al l r 1
I fClrAllt?
2 (DlrA{lr3
3 tElrAll.t4

)r(83rA{3rl}}r
ìr(C3rÀ(3t2llt
lr(D3rA(3r3)lr
)r(E3tA(3r4)lr
,STCT{2))

) r (82¡Al2¡L
| ¡ lCzr 

^l2rz| ¡(D2rA(2r3
)r(E2¡A(2t41
T(1})I(STÛT2

B5rA
C5rA
D5, A

E5rA

5rll I r
5¡2ll¡
5r3)lr
5t4ll

c
c
c

rC
c
c
c
C
c
c

c

EQUI VALENCE ( SÏOT1 I SÏC

INTEGER SAM

DO I t = L¡7
I STûT(I) = 0.0

DD 2 l. = IISAM
XT = XXX(It
XH=XT
STOT(I) = STÛT(I) + XT
sToT(ó) = sTCT(ó) + 1.O,/XT
XT = XT*XH
STOT(2)=STOT(21+XT
STOT(7) = STtT{7) + 1"0/XT

' XT = Xï*XH
sToT{3) = STCI{3} +XT
XT = XT* ¡¡1
ST0T(41=ST0T(4)+XT
XT = XT+XH

2 ST0T(5I = STST(5) + Xï
c
C SVAR - SAI'4PLE "VARIA¡]CE
C

SSTûT = STOTl*ST0T I
STt = S1*STtTI

STOT - VECTOR OF LENGTH 7 CCNTAINII'IG SAi4PLE CALCULATTONS
STOT(1' SUI4 (XXX(II}
STOÍ(2I SUM {XXX(I}+*2
STOT(3' : SUM (XXX( I )*+3
STCT{4I SUI4 (XXX(I'**4
STOT(5) SU¡4 (XXX('I)È*5
STOT(óI SUM IL.OIXXX(T
STOT( 7) SUU IL.O/ ( XXX(

l
l#tF 2l )



L+2.

SSï = STl*STl
SZTOT = ST0T2*STtT2
SVAR ={SAMSIZ+STOTZ 5ST0Tl/(SI*SAMSIZ)
SAI"IVAR = SAMSIZ*SVAR
SSVAR = ( SST0T SAI4VARI /SSTÛT

A - VECTCR COTITAII.iIIiG THE DIFFERENT TERMS USED INI
MTCKEYI ST QUENOIJILLEIS'AND TUKEYIS ESTTMATORS'
THE EQUATIül{S AR,E SET UP AL0NG THE LINES SHr.l'y{N

IN ÀPPENDIX II[.

DO13K=L¡2
IF f K - 21 3t4¡4

3HAR=l
MOP=3
GOTO5

4MAR=l
MOP=5

5 D0 7 [ = t"'lÂRrl40P
DO 6 J = L¡4

6 A(IrJl = 0"0
7 COi'.|T I I¡UE

DO 10 IJ = MAR't'lîP
IF (IJ.EQ.4) Gü TO 1O

J = IJ I
D0 9 [ = IrSAM
XI = XXX(Il
SXI = STtlTl XI
SXJ = SXI
IF {IJ.GE.3) SXI = {STCITI - XI)*STûT{K)
X(IJ) = XI**J
Ð0 I IP = L¡4
A(IJ'IPl = X(IJl/SXI + A(IJrIPl

I SXI = SXï*SXJ
9 CONTINUE

10 co¡,tT Ir'tuE
c

I IF {K - 21 11112¡12
tc

11 W0 = B1+Bl Cl
. WOl = 81*32 - Cz

QVf = SSI*CI
QV3 = Sl*Cl

. QV5 = 55]*r,10
QVB = S2*H0' QAz(11 = STCITI*CI Cz

, QA6( 1) = ST0TI*HO - 2.0*H01
Ql=Bl
82=Cl
Q4=W0. Q5 = STOT 1+i^10 2 . O+HoI
IF ( SAI'"'I. LT.4) GO TO 13

c
þll = Cl*Cl - El
Hll = Cl*Cz Ez

' WLz = C1*C3 E3

c
c
c
c
c



c

l+3.

t',14 = C2+C2lSTOTI E3
W2 = Bl*Dl - El
'J,lzl = Bl*02 E2
W22 = 81*03 E3
Vl24=82*Dl-E2
W26=9z*DzlSTeTl-83
!{3 = Bl*Bl*c1 cl*cl - 2.o*Bl*DI + 2.o*El
f,J3t = Bl*BL*Cz - Cl*C2 - 2.0+81*D2 + ?.A*82
W32 = B1*81*C3 C1*C3 2.0*31*D3 + 2.O*E3
!d34 = Bl*82*Cl - C1*C2 B2*ùl -" B1*D2 + 2.0*82
W36 =(Bl*82*CZ - C/+CZ - BZTFDZ)/STrlTf - Bl*D3 + 2.OrrE3
w38 =(82*82*C1 z.VrBz*DTllSTllTl - C1*C3 + 2.0+83 l

t.l4 = Bl*Bl+Bl+3I * 8.0*8l*DL - ó.0*81*Bl*Cl + 3.0*Cl*Cl ó.O+El
t,4l = BlrBl*Bl*82 j 2.0*U2*Dl + 6.0*BI*Dz - 3.0*Bl*82*C1

L 3"0+Bl*Bl*C2 + 3.0*CL+Cz ó.0*E2
" W43 ={ Bl*Bl*82+BZ + 4.0*82*DZ - B2*82{.Cl 4.0*81*82*C2 +

L 2.0*C2*C2)/STOTI + 4.O+BI*D3 - B1*Bl*C3 + Cl*C3 - 6.0*E3

QVZ = (3.O+SAMSAI',1 - 6.0*SAMSIZ + 3.0)tEl
QV4 = SltEl
QV6 = f 3.0*SÂt{SAM : 10.0*SAþISIZ + 9.01*W1
QV7 = {3.0+SAf4SA},1 9.0#SAMSIZ + 6.01*|,\l2
8V9 = (4.0*SAMSIZ - ó.0)*Wl
QVl0 = (2.0+SAT4SIZ 3"01*WZ
QVl1 = Sl*Wl
QV12 = S2*f,12
gV 13 = 51x;{2
QVl4 = S2*Hl
QV15 = {3.0*SAt'1SAi4 - 11.0*SA}ISIZ + 10.01*'d3
QV16 ='14n0*54þISIZ 7.0)*W3
8Vl7 = (2.0*SAf.4S1Z - 4.01*H3
QVIE = S2*W3
QVt9 = Sl*v{3
eVZ0 = SZ*.¡J3
QVef = {3.0*SAMSAr,l - L2"O+SA,USIZ + 12.0)*|^J4
QV22 = (4.O*SAì4SIZ 8"0r*hl4
QV23 = SZì.W4

8AI( f) = 3.0*ST0T1*fE3 - 2.O*EZ + STOTltElt
QA3(Il = STCI,Tl*El Ez
eA4l l) = ST0TI+{ 4.0*tl12 + 5.0+HL4 - 10.0*r,ill + 3.0tSTCTl+,r,ll )

QÂ5
QA7
QA8
QA9
QAIO
QAtI

QA14 ( I
QA15{ 1

0AfZ{l} = STrlTl*r¡tl - 2.0*btll
QA13{ r} = ST0TL+12.0*(H32 + 'd38 + 3.0*l^,3ót - 5.O*ïl3l - 6.0*h134 +

I 3.0*STOTl*þl3)

1) = 3.0*ST0TL*1W22 + W26 - W24 - z.O*i)tzI + STOrl*!ü2'
1) = 4.O*STt.!T1{.tdl 6.0*,rJl1
ll = Z.O1'STOTI*W2 - 2.0*i.JZl vl24
1) = STOTI*'r.ll !.lll

1 l = STCTL1+WZ l,l21 W?4
1l = ST0TL*\12 - Wzl

= 4.0tST0Tl+W3 - 3.0*H31 - 4.0*.1i{34
= Z.O*STCTI+H3 - 2.0*|rl31 - 2.O*43+

QA16l1) = ST0Tl*f^13 - 2.0*'*134
QA17(f l = STCTl*'r'13 H31
SAlB{1) = STCTI*l^J3 - !{3l - W34
QA19{r) = 3.0*STCTt*(4.0*(W43 - W4t) + STC|Tl*'.,^J4}



QAz0(f l : 4.01'STOTl*rl4 - 8.0*'rJ41
QAz1{ 1} = ST0Tl*li4 - 2.0*!'l4l
G0 TO 13

12 H02 = 81*83 - C3
QAz(21 = STOT2*(Cl C3)
QAó(21 = STOT2*ft.lO - 2.0+W021
Q3 = STOTz*lCf - C3)
Qó = ST0T2* ( W0 ?.O*VtOzl
Q7 = STCITz*{Bl 83}
TF {SAM.LT.4) GO TO 13

l^112 = C1*C3 - E3
Wl3 = Cl*C5 E5
.|/j15 = C3*C3*STCT2 E5

" WZZ = 81*03 - E3
Vl?3 = B1*D5 E5
W25=83*D1-83
Vl27 = B3*D3*STÛT2 E5
W32 = 81*81+C3 Cl*C3 2.0*81*D3 + z.O*Ej
W33 = B1+Bl+C5 - CltC5 - 2.0*81*D5 * 2.0*Ê5
l{35 = Bt*83+C1 C1+C3 - B3+D1 - B1*D3 + 2.0*E3
tt37 = 2.O*85 Bl*D5 + ST3T2*( B1*Û3*C3 C3+C3 - B3*D3.1
W39 = 2.0*E5 - CI*C5 + ST!T2*{83*83*Cl - 2.0s83*D3}
W42 = 81*81*81*83 + 2"0*83+Dl + ó.0*Bt*03 - 3.0*81*83*C1

I 3.0*81*BI*C3 + 3.0*CI*C3 ó.0*E3
Vl44 = 4.0*81*05 - B1*Bl+C5 + Cl*C5 - ó.O*E5 + STOI2*{Bl*Bl+83*83

1 B3+83*Cl + 2.0*{C3*C3 * 2.0*{ B3*D3 - Bl*83*C3} I }

gÂr{21 = 3"o*brnr2*tE5 + sToT2*(E1 - 2.0*E3})
QÂ3(21 = STOT2'F(El - E3l
QA4( 2l = STCT2*14.0*Hl3 | 5.0*'¿,115 + STtT2*13.0t]¡{1 - 10.0*|.,l2} I
gA5{Z} = 3.0*ST0T2*1w23 + lv{27 + STOT2*{t^lz " 2.O*N2? - W25'1l

c

QA7
QA8
OAö

T3 CONT INUE
c

QAI6{2) = STCT2*
QAlT(2, = 5T0Ï2*
QA18(2) = STüT2+

1,,3 - 2.O*W35'
r.l3 W32l
h¡3-w32-\t351

2l = 2.O*FSTOT2+12.9*ul1 3.0*W12)
2l = STET2*12.0*{W2 - W22l 'il251
2l = STCT2f { t¡¡l 'iltz1

8At0(2) = ST0T2*(r42 W22 W25l
QAtI(2) = STÛT2*('rl2 - W22l'
QAI2(2) = ST0T2* 'dl 2.o*l¡Jl2)
eÂt3tZl = STOT2*(Z.O*{f.{33 + 3.0*W37 + t"t39l + ST0T2+!3.0+{ld3 -

I Z.O+W35 ) 5.0+i.t32l )

QA14(2) = STûT2*{4.0*(W3 - l'135} 3'0*W32)
QA15(2) = 2.0+STCT2*(|¡]3 W12 þl35)

QAlg{2) = 3.0+STOT2*{4.0+t¡144 + ST012*('¡14 - 4.O*Vl4zll
8420(2) = 4.0*ST0T24lW4 2.O*W421
QAzf { 2) = STDTZ*( W4 - 2.O*Vt+21

CALL SUBX2

RETURN
END



c
c

SUBRTUT TNE SUBX2

C0Ml"!0N/tsBBB/ SAI'1r SAMSfZT SAMSAM' Slr S2r SSf
COMMOI.I/FFFF/ BCOEAV(3) I ALFIX4T ALFZX4T ALF3X4' ALSQIT ALS82r

1 ALSQ3T ASQDl(31 r ASQD213l t ASQD3(3) I DELSQI (3) I DELSQ2{3) I
2 DELS83 (3) 

' DELTAI (31 
' DELTA2(3) I DELTA3(3)

C0Ht40N /GG}Gl PT0T(2) r PTtlTlr PT0T2¡ PPTûTr Af.lT0Tr AANT¡ Alr AÏ1r
1 VARPOP ' POPVAR
C0MI1ON/HHHH/ QVlr QV2r QV3r QV4r" QV5r QV6r QVTr QVSr QV9r QVl0r

, I QVlfr QVl2r QVl3r QVl4r QVl5r QVl6r QVl7r QVIBr QVl9r QV20r
t I QVzlr QV22r QV23r QAI{2}r 842(2)' QA3(2lr QA4(2)r Q{5(2)r
, 3 QA6(2)r QA7(2)r QA8(2lr Q^9(21' QAIO(2)r QAfll2l¡ 8412(2)t

" 4 QAl3{2)r QA14(2)r QA15l2lt QA16(2lr QA17(2lr QAl8(2}r QA}9(2)r
5 QA20l2l t QÂ2r (2 )

. 'CCtlp1ON /ItIt/ STCT(71 I SST,,lTr STl r SSTr S2TOT, SVARr SAMVÀRr SSVAR
i COMI"IÛN/K KKK/ AMOTHR
, EQUIVALENCE (ST0TlrSTûT(lllr(ST0TZTST0T{.2ll¡ (ST0f3rSTOT(31)r
I I {STOT4TSTOT(4) ) r(ST0T5rST0T(51 I

,c
] DIMENSTON DELINT(3} I ÀSQTNT(3I I DELSQA(3I

c
TNTÊGER SAI4

FTRST 4ND SEC0ND VARIANCES (PRELIMIT\¡ARY CALCULATIONS)

ALINT = SAiqSft4*5AF{VAR*SAT4VAR/{ SST0T*SSTÛf )

All0THR = SAf,lSArç1*PPTOT/tAANT*SSTOT )

FATHER = Ar4tTHR*Al"!0THR
CARPET = 2.0/SS1 + SAI'4VAR/SSTtTt(3.O*SAMVAR/SST0f + 6.0/Sl + I.0l
RL,GG = 2.0/S I * 3. 0*SÂr"lVAR/ SSTST
ÂMCM = 3.0*SVAR*SVÂR/(SSTOT*SSÏOT} + (SA}1SAM + 2.0*SA14SIZ + 3.OI /

1 {SAMSA14*SS1) + 2.0*{SA¡4SIZ * 3.0¡*SVAR/(SAMSIZ+SSTOT*SII
DAD = 2.O*(SA!,tSIZ + 2.OlltSA!lSIZ*SSll.+ 4"0*SVAIì/{STl*STOT1)

.:4..,.-

ASQII.IT( 1) = 4.0*SAFlSAtl*STÛT2/SST - 4.0*SAMS lzlSL*RUGG + ':':¡ì:,''

I 2.0+SAMSIZ*CARPET
ASeINT { Z | = 4.0*SAMSAI't*STùT3/SST 4.0*SÂMSI Z*ST0T2i Slt*RUGG +. '. ,

:..-..-L 2.0*STOTI*CARPET
ASQINT(3) = 4.0*SAMSA¡4*S-TOT4/SST - 4.O+SA14SIZ*STOT3/STI*RUGG +

1 2.O+STCT2*CARPET

DELINT{1 ) = 4.0*SAMSIZ*STOT2,/SST 8.O*STCTI/(STl*Sl) +

1 SA M SA M* AI4OM

DELIî'tT(2) = SAltSIZ*DAD + STOTl*((8.0tST0TI - 4.0+SAMSIZ*STnTll/ ,1,
I ssr 12.o/(sl*sr1¡ '- 12.o*sAf4vAR/t sT1*SST0T) )

DELSQÂ{T) = DELINT{II + DELINJT{2}

DELINT(1 ) = 4.0+ST0Tt+STtlT3/SST - 8.0+STOT3/(STl+Sll + SSTOT*Ai\4OM
DELINT(2} = STIJT2XDAD + STOT2*IIB.O*STOT2 - 4.0* SSTOT I /SST -

1 I2.O*STÛTI/( SAMSIZfSt*ST1 ) -.L2.0+STOTIISVAR/
2 ( sT 1*SST0T I I

DELSQA(21 '= DELINT(11 + DELINT{2 }

Iic
c
c

ic
c

ic

c

c



I
2

DELINT(1I
DELINT{ 2 }

DËLSQA(3}

?. DELSQ3(
1

ALINT =
DELINT( 1 l =
Dn4I-2¡3
J=I-1

4 DELINTÍII =

I+6.

= 4.0*STÛT2*ST0T4/SST B' O*STCT5/ ( ST l*S I ) + SzTOT*AMOM

=ST0T4*DAD+SToT3*((8.0*STCT3-4.0*ST0T2*sToTll/SST
12.0*sr0T2/( SAIISiZ*S1*STl ¡ 12.0*sTcT2*SVAR/
{ STlIFSSTOT } )

= DELINT{LI + DELINT(2)

l:i:::::la.:ì:"i:l:.ìa

c
c
c

ALFIX4 = ALlillT + ALFIX4
ALF2X4 = ALINT+FATHER + ALF2X4
DO I I = 1r3
ASQD1(Il = ASQINT(I) + ASQDl{Il
ASQD2( It = ASQINT( I )*FATHER + ASQDz( Il
DELSQI(I) = DELSQA(Il + DELSQl(tl
DELSg2(I) = DELSSA{I)*FATHER + DELS02tI)

THTRD VARIÀNCE {PRELtùIINARY CALCULÂTIONSI

IF {SAM.LT.4) GO TO 3

BCOK = L.OlSAMSIZ*(Sl*QVl - QV5)

ALF 3X4
ÂsQD3 { I )

DELSQ3( 1 }

DOZI
J=I;
ASQD3 ( I

c

I
2
3

= BOOK*BCOK + ALF3X4
= SSI/SAMSÂM*(2.0*QV9 + 4.0*QV16 + 8V2? + 4.0*8V14 +

8.0+QV20 + 2.o+QVZ3 Sl*(4.0*QV12 + 2'o*QV18 +

4.0*QV13 t 2.o*QV19 + 8.0*QV10 + 4-0*QV17 S1*
{6.0*QV4 + 2.O*QVII + 4.otQV14,}} + ASQD3{ll

=. (SSl*QVz + ( SSI + 2"0)*QV6 + (4.0 - 2.O*Sl )*QVl5 +

QVzL _ 4.0*S1*QV7)/SAMSAM + DELSQ3(1I
= 2¡3

I
t = SSI/SAi"1SAM*(2.0*847(Jl + 4.otQAl4tJ) + Q/\20(Jl +

4.O*Q412{J) + 8.o*QAIB(J} + 2.0*QA2L(J) sl*
(4.0*QAlo(J)+2.o*QA1ó(J}+4.0*QAll{J)+2.0*QÀ17(J}

+8.0*8AB(J}+4.0*QAl5tJ)-S1*(6.o+QA3{J}+2.o*QA9{J}
+ 4.0+QAf2{J)))f + ASQD3{I)

I) =(SSt*QAl{J) + {ssr + 2.01*QA4(Jl + (4.0 - 2.0*sll*
QA13(Jl + QArg{J ) 4.0*sl*QA5 lJll / sAi4sAM + DELSe3{ I }

I
2
3
4

c
c
c

FIRST AND SECOND BIASES {PRELIMINARY CALCUALTTONS)

3 H0¡4Ê = {STCTZ + SST0T}/{ST1*STOTLI

SAI4S 1L/ 51*( SAI"lSI Z*STÛT2 - SSTOTI /SSTOT
SÂI.'ISI Z*HOME 2.0/S1

sT0T( Jf *H0i.1E 2.O*STOT( I l/sT1

c
c
c

ÁLSel = AL I¡jT + ALSQI " "

ALSQ2 = ALIi\jT*AMCTHR + ALSQZ
DCI 5 t = 1r3 ;

DELTAT{I} = DELIf\T(I) + DELTAT(Il
5 DELTAZ(L = DELINT(tl*Al'4oTHR + DELTAz(I)

THIRD BIAS (PRELTI4"INARY CALCULATIO\IS)



ltn
-f .

DEAD = PPTûT+SI/IAANT*SAi"lSIZ)
c

ALSçJ = DEAD*(S1*qV1 ev5l + ALSQ3
DELTA3(rl = DEAD+(Sl*QV3 - QVBI + DELTA3{ll

. DO 6 | = 2¡3
J= I- I

6 DELTA3(I) = DFAD*(S1*QA2{J} QA6(J)} + DELTÀ3(I}
,c

CALL SUBX3
c

RETURI.I
END



c
c

l+S. .

SUBROUTI NE SUBX3

COMMO\l/BBBB/ SAl4r SAt4SIZT SA¡!SAf'lr Sl ¡ S2r SSI
COMiqOi!/C CCC/ BLUEI BLACK
COMI,ION/EEEE/ ALFAII ALFA2I ALFA3T ALFA4I ÂLFA5I ALFA6I ALFAlBI

1 BCCIEFt(3)r BCCEF2{3lr BC0EF3(3t¡ BCOEF4{3lr BCûEF5(3)r BCOEFó(3}
CDMMDN /GGGGl PTOT (2) 

' PTCIIT PTOTZT PPTDTT ANT0T' AAiltTr AI¡ ATI r1 VARPOP, POPVAR
COI"IMON /ÍITT / STOT(7) I SSTOT, STl"I SST, S2TOTT SVARI SA14VARI SSVAR
COlli'lOt'¡/JJJJ/ Qf r Q2 r Q3 r Q4r Q5 r Qór QT
COMf"1O|\I IKKKR/ AMOTHR

c
c
c
c
c
c

EQUIVALENCE (STOTIISTOT
[ (STOT4rSTOT
2. { STOTTT STOT

tl )r (sTtT2rST0Tt2lI r{STOÌ3rSTCIT{3} I,
4) ) r (STCT5TSTûT{5} tr (STûTóTSTOT(ó} )r
7) )

REAL MBI T M82

T¡ITEGER SAM

CLASSI CAL RAT IO EST IIqATOR.
ALFAIB BI AS ACLCULATI ONS

BED : SAr\4SIZ*PTOTl
DEB = ANTfiT*STCTt
BEDDEß=BED-DEB
BBEDD = BEDDEBfBEDDEB

ÂLFAIB = BEDDEB/DEB + ALFAIB
ALFAI = BBEDD/(DEB*DEB)+ ALFAT
BcoEFI(l) = BED/fANTcT#DEBI+(PTort/SroT1-2.0) + I.o/ANT0T +

BCOEFT{1}
8cÐEF1{2) = PT0TI/ÂAr'tr*(prort-srort)/srûrl + BcoEFt{zl
BCOEFr(3' = srorz*PT0Tr*{ PTOTL-2.orsrort |/ IÐEB*DEBI +

PTi]T2lAANT + BCOEFl{3}

I

I

I.t c
c
c

BEAL E

SPTûT = ST0TI*PT0Tl
PPA = AfiTûT - SAla5¡ 7-

PPB = PPA*SAi'4VAR ù

PPC = PPA*PPB
PPD=DEB*STûTI+PPB
PPE = (STOT1*BEDDEB - PPB) /PpD
PPF = SAf4S LZ-+PP A* PT.OT 1/ ( At,lT0TìtS 1*ppD )
PPG = (52 + SAMSIZ/A|'¡T0T)/Sl

c
ALFA2=PPE*PPE+ALFA2
Bc0EF2(1) = BED/(ANTortPPor*(pr0T1*( srt*sr0Tr*AANT + ppct II fANTOr*sI*ppD) - 2.0*srûTt) + L.olANTrlr + BccEF2tl)
DO I J = l¡2
Jl = J + t
J2 - J + 2



C'-lEFl = STCITtJZ)*ppF*ppF + ST-lT(Jll*2.0*BEtJ*PP A/(AANT*SI*PPD¡*
I (SPTO'[*(At',iTOT*S2 + SAi'lSlZ',t/(Sl*PPDI 1.01
C,tEF2 = ST0T ( Jl*PTOT L/ lAAt\lT*PPDI*( SPT0T*AANT*PPGxPPG*STOTl/PPD

L Z.O*STGTI*(ANTOT*SZ + SAI'4SIZ)/S1l + PTOT(JlIAANT
I BCOEFz(J1l = COEFI + COEFZ + BCUEFz(Jll

MODTFTED BEALE

TÂLL = BED/DEB
SHORT = TALL*SSVAR 1.0 ô

PDEB = PTCï1/DEB
TBSI = TALL*BLUE/Sl
i4B1 = 1.0 - S.AÈ1SI Z*SAMVAR*BLUE/SSTOT
MBz=MBI*TALL-1.0

c .ALFA3 = t"182*i482+ALFA3
BCOEF3(f ) = {MB2 * 1.0)*(PDEB+i\4Bl - 2.O/ANTOTl + SAMSAM*A'TOTHR*

1 SVAR*BLACK/ ( STI*STOTI I + I.OI ANTI]T + BCOEF3 f 1} 
"..i.
:.

D02J-LtZ
'Jl=J+l ::.::i:.
' JZ = J + 2 o. .,, ,

COEFl = STûT( JZ )*SAf,lSAM*Aíq0THR*BLACK/SST + ST0Tf J1 l*{2.0*SAMSIZ*
I TBSI/STDTI+(PDEB*ÞIBI _ TB51 - I.O/ANTOT} }

I caEFz = ST0T(Jl*(pDEB*MBI* (PDEB+I4BL - 2.0*TBSt - 2.O/ ANTof l +
I I TBSI+(TBS1 + 2.0/Al{TOTll + PTÐT(J)/AANT
,, 2 BCOEF3{Jl} = CCEFI + COEF2 + BC0EF3(Jl)

c
i c HARTLEY-Ross

c
USSR =. (ÀÌ'iTOT - SAMSlTl/ (ANTCT*Sll

, plrqf = PTûTL/l^l'lTüT*SAI4SIZ) (41+STrlTl/(Ai'jTOT*SAMSIZ*S1l )

PPINK = PINK*PINK
i RUBBER = PINK*STOTó + USSR

BLAST = 2.0*PINK*USSR
i gere = ( ANTST 2.0*SÀMS lL+L.0l *AL/ | AAI\IT*SS 1l

c
ALFA4 = RUBBER*RUBBER + ALFA4

. BC$EF+(ll = PPII'lKtSTCTT + "BLAST*ST0Tó + {41*AI*SAMSIZ Sl*{2.0*41 ,,,..

. t *SAI4SIZ ANTOT*SI}I/{AAíIT*SSTI + BCOEF4(II i'..'.'

I BCOEF4{ZI = PPINK*ST0T6+BLAST*SAI4SIZ+ STOTI*BEER + .:
1 PTOTI/AANT + BCOEF4(z)

I 6CSEF4( 3l = ppl¡'JK*SAMSI Z + BLAST+STOTI + STÐTZ*BEER + :" :

1 PTOT2IAAI.'¡T + BCOEF4{ 3 )
c - "..-
C MICKEY
c

, HAS = ANTCT - S AYS IL + 1 .0 .,:
, HHASS = HAS*(HAS - 2.0) :::'' :.

0pEr\¡ = { PTCTI - HAS*STOTI ) /{ SAf'lSJZ+At\T0T)
CLOSE = CPEN*CPEN
PARTY = OPE¡i* ( ANTOT-SÂMS IZ ) /ANTOT

c
I ALFA5 = HEX*HEX + ALFA',, BCOEF5(t) = (SAT4SIZ*HHAsS+Ar.lTDTl/ÂANr + (Sl*Q2+SZ*Q4,*CL SE +
i r 2.o*st*Q1*PARTY + BCOEF5(ll

c
c
c



50.

Bc0E F5l2l = ST0Tt*HHASS/AANT + ( 81+Q5l *CL0SE + 2.0*sAr',ls lL+P ARTY +

I PTOTI/AANT + BCOËF5l¿l
BCOEF5(3) = STCIT2*HHASS/AANT + {Q3+Qó)*CLOSE + 2.0*Q7*PARTY +

T PTOT2/AANT + BCOEF5(3)

QUE NOUI L LE

PLATE = BED*HAS
FORK = DEB*ANT0T
SPùOI'J = PLATE/F0RK
ANIFE = (ANTOT SAMSIZ)*SI*PT0Tl
CUP = ANIFE/( SAIISIZ*AAÌ\¡Tl
DISH = CUP*CUP
ALOVE = (SAMSIZ*PLATE FÐRKl/F0RK CUP*Ql*Sl
!.tAR = Af,¡IFE*(PLATE DEBI/{SAMSIZ+ST0Tl*AAf'{T*AANT}
SPOT = SPOOi'l*(SPOON - 2.O/ANTOÏ)
SATOT = SAIlSI Z*ANT0T

ALFA6 = ALOVE*ALOVE + ALFAó
BCOEFó(ll = SAt'ISIZ-*SPOT + DISH*(Sl*Q2 + S2*Q4f - 2.0*S1*Ql*l¡JAR +

I 1.0/ANT0T + BCflEF6{ I I

BCOEF6(2 ) = ST0Tl*SPCT + DISH*(Ql+Q5) 2.0*sAf"lsIz*l/'|AR +

1 PT0T I/AANT + ÙCCEF6 ( 2 )

BCoEFó(31 = sTOT2*sPCT + DISH*(Q3+Qó) - 2.0*Q7*HAR +

I PTOT2IAANT + BCOEFó(3'

R.ETURN
END

c
c
c

c



51.

SUBROUTI NE SUBX4

COI,IMON/tsBBB/ SAM' SAMSIZ I SAMSA14 ¡ SI r S2 I SSl
CTMI.{ONI/CCCC/ BLUEI BLACK
COMT4ON/DDDD/ TITLE(18)I NTOTr CV
COT4MOI'I/EEEE/ ALFAII ALFA2I ALFA3' ALFA4I ALFA5T ÂLFA6¡ ALFAIBr

I BCOEF1(3)r BCOEF2(3), BCCIEF3(3)r BC0EF413tt BCOEF5(3tr BCoEF6(31
COt4:\l!ON/FFFF/ BCOEAVt3)r ALFlX4r ALF2X4r ALF3X4r ALSQIT ALSQ2,

1 ALSQ3T ASQDI(3), ASQD2(3)I ASQD3{3}I DELSQI(3)I DELSQ213I¡
2 DELS83(3)r DELTAI{3}, DELTA2(3)I DELTA3{3)

C0lvll40!'t /jGGG/ PTCT(2) r PTOTIT PTOTZT PPTOTT ANICTT AANTr Al; ATlr
1 VÂRPOP T POPVAR,

COMMON IKKRK/ AI4OTHR
CD}IMON/L LLL/C C;'48I ALFAV

DTMET.lSIÛN RATIOT (3 )

TNTEGER SA¡I

ANC2 = 2000
ic

RED = BLACK/ANCZ
},lHITf = BLUE/Ai\¡C2
OFFICE = PPTCT*PPï0T*S51 /( AAi\T*AANT)
REDOP = RED*0FFICE

ALFtX4 = ALFIX4*RED
ALF2X4 = ALF2X4*.RED
ALSQI = ALSQI*f^JHITE
ALSQI = ALSQ2*"dHtTE
ALSQ3 = ALS83*,.lHITE

IF ( SAM.LT.4} GO TO 1
ALF3X4 = ALF3X4*REDCF

I DO 2 [ = lr3
DELTAl(I l = DEI-TAt(I l*þ,lHITE
DELTA2{I ) = DELTA2IIT*.¡lHITE
DELTÂ3(Il = DELTA3{Il*t"lHITE
ASQDl{I} = ASQDI( I}+RED
ÂSQD2(I) = ASOD2{Il*RED
DELSQl( I ) = DELSQI{I )+RED
DELSQ2(Il = DELS82(I l*RED

IF {SAM.LT.4) GO TC 2
ASQD3( I¡ = ASQD3( I )*REDOF
DELSQ3{Il = DELSQ3{I)*REDOF

2 CONT INIJE

AVERAGE THE COEFFICTENTS FOR THE MSE (DR VARI
FOR THE DIFFERENT ESTII,lATORS

c
c

c
c
c

c
c
c
c

c

c
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ALFAV = ALFAL/ANC?
AL FA2 = AL FAz / Al,icz
ALFA3 = ALFA3/ANC?
ALFA4 = ALF.A4lANC2
ALFAS = ALFA5/ANC?
ÀLFAó = ALFAó/ANC2

ALFAIB = ALFATB/Af\CZ
ALFAlB = ÂLFAIB*ALFAlB

DO 3 I = lr3
BCOEAV( I ) = BC0EFLIII /Af.lC2
BCOEF2( I ) = BC0EF2(l)/AIiC2
BCOEF3II ) = BCûEF3lll/ANC2
.BCOEF4(I ) = BC0EF4(I)/ANC2
BCOEF5( [ I = BCOEF5( i]/ANC2

3 BCOEFó(Il = BCOEF6(I)/ANC2
c

' WRITE 16r+, {TITLE(IlrI=lr18}r sAf4, NÏorr cv
.j 4 F0RI4AT (1H1r 1844 // 25X¡ r2000 INDEPEI'¡DENI SAMPLES GENERATED -r r:r I rEACH ÛF SIZEr r l3t lXr rFRCi'l A POPN OF SIZEr r 14 / T53t

2 I COEF OF VAR =rr El5.B ll
c

I hJR ITE ( 61 5 I ALFA 18
5 FÛR:4AT ( 15Xr rCLÂSSICAL RATI0 ESTti,rATORr r T75¡ TRATIO t,

2 E15.8)

DO tl K = 1r3
_ f{=K-l

RATI0I (K) = BCSEAV{K}/BC0EF3(Kt
TF (K.EQ.1I GC TO ó
GOTOB

I 6 !'JRITE {ó17) Mr ALFAVT RATIOT BCOEÂV( l} ' RATIDll ll
ì ? F0R|4AT (lXr rT =rr 12¡ L2X¡ TAVERAGE ALPHA-SQ =tt E15.8¡ T75t
i r El5.B I zlx, TAVERAGE DCOEF =r r El5.Br T75t El5.B)

GO TO 1l
I I 1^lRITE {6r9} ¡4r BCCEAV{K}r.RÀTI0l(Kt,, 9 FCIRùlAT (lXr tT -.=rr l2t l5Xr TAVERAGE DCOEF 3r El5.8r T75r E15.8)
J IF (K.NE.3' GO TO 11
., TRITE (órlol'

10 F0Rj\4AT ( tX / |
1I CONTINUE

c
!.|RITE {ó,121

L2 FCRI'1AT {3IXr IBEALEII
RATIÐ = ÂLFA2/ALFA3
DO15K=L¡3
M=K-l '
RATIû1(K ) = BC0EF2(K,/BCùEF3{Kl
IF (K.EQ.1) GO TO L3
GO TO L4

13 'r'fRITE 1611, Mr ALFA2T RATIOT BCOEFZt,LI r RÀTIOl( 1l o

G0 T0 15
I 14 TJRITE 1619) Mr BCOEF2(1.), RATICl(Kf: lF ( K.NE.3) G0 TO 15
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b,lRITE {6r l0)
15 CONTINUE

t{RITE f6,ló)
1ó FCRù!AT (31X, IMLIDTFTED BEALEI I

DOZIK=1r3
V=K-1
IF (K.EQ.1) GO TO L7
GO TO t9

17 WRITE (6r181 Mr ALFA3' BCOEF3(11
18 FORIlAT (1Xr rT =rr l}t 12Xr TAVERAGE ALPHA-SQ =tr El5.Bl ,'.',.

,'..4':'-_:4.

GO TO 2L
l9 ''^lRI TE l6 r 2o l t"l, Bc0EF3 Í K )

20 FORUÀT (1Xr fT -rr l2¡ LZX, TAVERAGE DCOEF =rt El5.Bl
IF (K.NE.3I GO TN 2L
HRITE (6,10I

?L CONT INUE :. :

:.-4.t..:4..: : 
a:

1,{R I TE l6 r 22l
22 FOR}IAT ( 31XI IHARTLEY - ROSSI ) ::.-::::.:'

RATIO = ALF^+/ALFA3 '',,".''-"
Dû25K=lr3
f,{=K-I
RATIûl{K) = BCOEF4(K)/BC0EF3(K)
IF (K.E8.T) GC TO 23
GO TÛ 24

23 þIRITE (ó,7I Mr ALFA4I RÀTIÛI BCOEF4(I}I RATIOl(II
G0 TO 25

24 WRITE (6r9l Mr BCOEF4(K)r RATI0l(Kl
I F { K.l.tË .3 ) Gû T0 25
WRITE ÍóT1O}

25 CONT INIJE

i.JRITE l6t26l
?6 FORMAI (3IXr rli,tICKEYrl

RATIC = ALFÂ5/ALFA3
DO 29 K = lr3
fl=K-}.,,,,.,,r,..:
RATIOI(K) = BCOEF5(K¡IBCOEF3ÍK} '.".':'.

IF (K.EQ.ll G0 TO 27 -:.:: :: . :-,..

Go ro z8 
"'"''':"':27 hTRITE {6r7} Mr ALFA5T RATI0T BCtrEF5(1lr RATI0l(i}

GO T0 29
28 v'IRITE (6r91 Mr BCCIEF5(Kl' RATI0l{K}

IF (K.NE.3) GO TO 29
''{RITE'(6r 10)

..::........i29 CûNTIíIUE :.,.:.:.: . .1WRITE (6r30)
3O FÐR'.tAT ( 3IXr ISUENOUILLEI I

RATIO = ALFA6/ALFA3
D0 33 K = 1r3
M:K_1
RATIoI(K) = BC0EF6(K) /BC0EF3 (Kt
IF ( K.EQ.1 I GO TO 3I
GO TO 3?.

31 I^JRITE l6t7t Mr ÂLFA6r RArIC' ßCaEF6(t)' iìATI,r1{1} .
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32
GO TC 73
'úIRITE (6r9)
IF (K.f.lE.3)
hIRITE (6r101
CONIT I ¡IUE

COMB -

Mr BCoEFó(K)r RATIOl(K)
GC T0 33

ALPHA-SQ TERI-1 CF THE VARfAIlCE OF THE

CLASSICAL RATIC ESTIMATOR

33
c
C

c
c

CD¡48 = AL FAV - ALFA 18
RATI0 = ALFA4/ ALFA5
DO 38 K = Ir3
RATIOl(K I = BCCEF4(K)/BC'lEF5( Kl
IF (K.EQ.1) GO TO 34
Gfl To 36

34 WR.ITE l6r35l ceilB' RATICT RATI0t{l}
35F0R|.1AT:.lx//|26X¡IVARoFcRE(V)|l'Í75¡|RATIOHARTLEY.Ir

1 rRoss/MICKEYf / T2Lç | {ALPHA-SQ}-B*B =f t El5'Br T75¡

2 Els.B / T75¡ El5 'B I

GO TÛ 38
36 WRITE (6r37) RATI01(K)
31 FCRMAT (T75' E15-8)
38 COT\¡T INUE

CALL SUBX5

RE TURN
END
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j:':

c
c

SUBROI.JT T NE SUBX5

COiqM0N/BBBB/ SAMr SAMSIZT SAf'tSAM¡ SlI S2r SSf
coM14oN/DDDD/ TITLE( 18) I t\lT0Tr cv
COMiltON/FFFF / BCOEAV(3 ) r ALFIX4' ALFZx4t ALF3X4t ALSQIT ÀLSQ2r

I ALSQ3T ASQDT(3)r ASQD2(3)r ASQD3(3)r DELSQl{3)r DELSQ2{3lr
2 DELSQ3(3)I DELTAl(3}r DELTA213IT DELTA3(3}

cûr,lMoN /LLLL/ cOMB, ALFAV

DIMENSION EBID(3)r EB2D(3)r EB3Ð(3t I vlvASD(31 I V2VASD(31 I

I V3VASD(3)r VVASD(3)r EEIASD(3), EEZASD(31' EE3ASD(3lr VtVDX2(3lr
2 V2VDX213l, v3vDXZl3l¡ VVDX2(3)I EElDX2('31 ¡ EE2DX2(3)r EE3DX2(3)r

3 EEIDSQ(3) ' EE2DS8(3) ' EE3DSQ(3 }

TNTEGER SAÞI

E BIAS(VI) = EBI = (VI Vl
I^¡HERE V I AR E THE 3 PREL TM INARY
BIAS CALCULATITNS

ALFA-SQ TERM

EBl ASQ = ALSQI CCI4B

E82ASQ = ALS82 CCMB

E83ASQ=ALSQ3-CüHB

DELTA TERM

DCI 1 I = L¡3
EBID{I) = DELTAl(
EBzD(Il = DELTA2{
EB3D(I) = DELTA3(

E MSE(VI) =

c
c
c
c
c
c
c
c
c

c
c
c

I}
T}
I}

BCOEAV ( I I
BCOEAV( t I
BCOEAV { T }

( vI V) **2
VUI 2.0*VIV + VV

HHERE VI ARE THË 3 PRELIMIi{ARY
VARIANCE CALCULATI TNS

ic

iC

c
c

1ic'c

EEI =

c

ALFA*+4 TERM

VIVAX4 = ALSQI*COf'l8
V2VAX4 = ALSQ2*C0MB

VVAX4 = C0MB*CCIMB

EE tA X4 = ALF I X4 - 2. O*VlVAX4
EEZAX4 = ALF2X4 - ?.C*V?VAX4
IF (SÂM.LT'4) GO TO 2
V3VAX4 = AL SQ3*C0l'48
EE3AX4 = ALF3X4 2.0*V3VAX4

+ VVAX4
+ VVAX4

c
c
c

ALFÂ-SQ-DELTA TERM

+ VVAX4
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2 DÐ 3 't = 1r3
VTVASD( t I = ALSQl*BC0EAV{ I ) + C0i'lB*DELTAl( I I
V2VASD{I, = ALSQ2*BCTEAV(I ) + CCI.1B*DELTA2{I }

VVASD( Il = 2.0*C0MB*BCCEAV( I )

EEIASD(I} = ASQDI(I} 2.0*VlVASD(I) + VVASD(II
EE2ASD(I) = ASQD2(I) 2.0*V2VASD{I} + VVASD(fl

DELTA-SQ TERM

V1VDX2{ t) = BCCEAV{I )*DELTAt{I I

VzVDX2(Il = BCTEAV(I l*DELTA2( i)

VVDX2( I) = BCOEAV{ I ¡*BCoEAV( I )

EEIDSQ(I) = DELS81(Il 2-O*VIVDXZ(Il + VVDXZ(I)
- EElDSQ(Il = DELSQ2{L - 2.O*VZVDX2{I} + VVDX2{I}

TF {SAM.LT.4I GO TO 3

c

c

c
c
c

c

c

c

c

c

V3VASD ( I
EE3ASD( I
V3VDX2 ( I

= ALSQ3*BCDEAV{TI + COMB*DELTA3(I}
= AS8D3(I) 2.0*V3VASDtII + VVASD{Il
= BCûEAV(Il+DELTA3(I!

EE3DSe(Il = DELSe3(Il 2.0*V3VDX2(Il + VVDXZ(Il
3 CONT INIUE

HRITE (6r4) (TITLE(tlrI=lrlB)r sAMr NT0Tr CV

4 FCRMAT ( 1HI, 1BA4 / / 25X¡ I2OOO Ii!DËPENDEi\T SAMPLES GENERATED -I I

1 ¡EACH 0F SIZETT I3r lXr rFRCIM A POPi\¡ OF SIZETT 14 / 153t
2 TCOEF '¡F VAR =r t EL5.8 ll
f{RITE (ór5}

5 FORMAT (5IXr 'BIASES OF VARIANCE ESTIMATORSI / T40I IVI-VI II
Dt 9 M = 1r3
K=14-l
IF (M.GT.I) GC TO 1
HRITE (6r61 Kr EBIASQT EBID( f)

6 FCRMAT (IXr rT =r, l}t lQXr rALFA-SQ =r? E15.81 T43t
1 TDELTA =r, El5.B)
GOTO9

7'r{RIfE (6r81 Kr EBID{Ml
8 FORI'4AT (1Xr rT =rr 12¡ T43¡ TDELTA =rr E15.81
9 CONTINUE

l,{RITE (6r10)
10 FoRMAT {T40r fV2-Vr}

D0 LZ M = 1r3
f( = M -1
IF il4.GT.ll GO TC 11
WRITE (6r61 K¡ EBZASQT EBZD(ll
GO TO L2

tl t,¡RITE (6r I ) Kr EB2D(M l
L2 CONTI\UE

'IRITE (órl3l
13 F0RMAT (T40r 'V3-V' I



D3 t5 f,t = lr3
K=M-l
IF (M.GT.II GO TO L4
t'/R ITE {6ró) Kr EB3ASQT EB3D( Il
GC TO 15

14 WRITÊ (óI8I Kr EB3D(M)
15 CONT TNUE

. WRITE ( ó' 1óI EE IAX4
1óFSRIAT(tX//3oXl||'ISE0FVARfANcEESTIt4AT0RS||T561

1 rALFÀ#*4 =rr El5.Bl
DCtTK=L¡3
f{= K- 1

Ll WRITE (6'18I Mr EEIASD{KI r EEtDX2TK}
lB FCRT4AT (T5r rT =r r l2¡ T15r rALFA-SQ-OELTA =t t E15'8r lOXr

I |DELTÂ-SQ =tt El5'8 ll
c

HRITE (6r 19I EE2AX4
t9 FOR¡"I4T (T56, TALFA*+4 =rt E15'81

DO20K=1r3
M=K-1

20,riRITE (6r181 Mr EE2ASD{Klr EEzDXz(K)
c

IF ( SAl4. LT "4, GO T0 22
c

HRITE (ór19I EE3AX4
DO 21 K = lr3
M=K-lo
t^tRITE (6r13) Mr EE3ASD(Klr EE3DX2(Kl

2T CO!''ITINUE

22 RETURN
El'¡D

c
c

,C
c
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