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The objective of this study is to compare Bayesian estimation of variance

components for latin square model with classical estimation. The model in the study is
random-effect model with no replication. Monte Carlo Simulation is done under several
situations due to level of treatment factor, level of two blocking factors and coefficient of
variation (C.V.) of the response variable. In this study, the data were generated as the
following: 1) The case of n=3 2) Thecase of n=4 and 3) The case of n=5.
All situations were generated under C.V. of 5%,15% and 25%. There are 2 criteria for
evaluation for both approaches. Euclidean distance for the wvector of variance
component estimates is a measure for point estimation, the empirical experimentwise
error rate (EER) is a measure for interval estimation. Simulation is done by Mathematica
4.0.

The results for the study show that the vector of point estimates for variance
components in the model using Bayesian approach; on the average, has less Euclidean
distance than classical one for all cases. Interval estimates using Bayesian approach
provide empirical experiment error rate much closer to the level of significance at 1%

and 5% than the classical estimates for all cases.
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TUsuNsNAERTUALULRI P URLALS

%
(* 1) TsunsunsATu AL TENNULLILAAYINAB AR ARNUATABILE %)
2 b4 -
(* TURBULTNABNITHNTVURASI AR
b %
Lmax A8 SAUIUNIINARBINIUNA
a4 o P v
L A2 susunisnaaesiit liendszanasuuaadiuion
N Af a uusssutiade
< ar a -
cv AR ANUsEangnisngzang
kA9 ANRIUILENAST

U AR AteRenuedliszanng *)

Lmax =1000;
L=0

U =40,
k=1,

n=23;
cv=0.05;
sq=n"2;
temp = 0;
v=n-1;

ve =(n-1)*n-2);

VriU_, k_, cv_] = {cv*U)"2/(3*k + 1);
Evar = N[Vr{U, k, cv], 5];

Kvr = k*Evar;

V = Evar + 3*Kvr;

Print[U, "\t", Evar, "\t", VI,

* %umu'lumm%m”mnﬂa *)
SeedRandom[5];
kkix = 0;
Nom[u_, var_] := If[kkix == 1,
kkix = 0;
r1 = Random[]; r2 = Random(];
ztwo = Sqri[-2*Log[r1]1*Sin[2*Pi*r2];

gn = ztwo*Sqrt[var] + u;
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kkix = 1:
zone = Sgr[-2*Ltogir11*Cos[2*Pi*r2];

gn = zone*Sartlvar] + u; J;

( maiudiayandivdiedatayaindinisianuasdiulumuderuue »
f1 = Openwrite["Latin.dat"; (* TWéi”J'a:ga;Twum *)
Armray[Ta, n];
Array[Al, n];
Array[Be, n];
ArraylEr, {n, n}l;
AmaylY, {n, n}];
Do[
Do [Nom[0, Kvr]; Tafil = gn, {i, n}];
Do[Norm[0, Kvr]; Al[jl = gn, {j, n}I;
Do[Norm[0, Kvr]; Be[k] = gn, {k, n}I;
Do[Do[Nom(0, Evar]; Erj k] = gn, {k, n}l, §, n}l;
Do[Doli = Mod[j + k- 1,n); Ifli ==0,i=n];
Y[, k] = U + Ta[i] + Al[j] + Be[k] + Er{j.kjl;
temp = ToString{Yl, k1]
WriteString[f1, StringJoin[temp, "“\t"]],
{k, n}l, {i. il
WriteString[f1, “\n*],
{z, Lmax}];

Cloself1];

(* madlainadays *)
f1 = OpenRead["Latin.dat"];
rdata = ReadList[f1,{{Real Rea! ,Real},
{Real,Real,Real},
{Real,Real,Real}}]; *n=3%

(*{{Real,Real,Real,Real},
{Real Real,Real,Real},
{Real,Real,Real,Real},

{Real,Real,Real,Real}}]; *) *n=4*)



(* {{Real,Real ,Real,Real,Real},
{Real,Real,Real,Real,Reat},
{Real,Real,Real,Real,Real),
{Real,Real,Real,Real,Real},
{Real Real Real,Reat,Reallll; ™) (*n =59
(* n’mﬁuﬁ@mmiﬂéLﬁﬂaﬁﬂﬂl‘ﬁ‘lumsﬂﬁtmmﬁhLLuuﬁqa;T\a‘f‘J"Eﬂmaaﬂ UWATLLIA *)
f2 = OpenWrite["LatinBC.dat']; (* MéﬁLﬁumﬂﬁ*zmmuummﬁﬂﬁhLﬂumﬂ‘v”ﬁ 235 %
13 = Openwrite["Latin2.dat].  (* &RRLAN I Re T I sz nmusn uuntaepanadn )

(*»L.raic: P Wy e o

f4 = OpenWrite['Latin3.dat']: waninua e Tl sy uuu g )

5 = OpenWrite['Latin1.datl;  (* I&dayadivinWiAdssunnudiuuan *)

databEuCl = Table[{x, 0}, {x, Lmax}];
dataEuB = Table[{x, 0}, {x, Lmax}];
EuCl = 0;

EuB =0;

chkEu = 0;

oldeuCl = 0;

OldEuB = 0;

Amrayltmp, {n, n}l;

(* ;Tumum'a*ﬁﬁmmmﬂs:mmuummmﬁa 275 %)
Doly = rdata[[z]];
chk = 0;
Do[Dofchk = j +kj - 1;
[flchk > n, chk = ¢hk - n, chk = ¢chk];
tmplj, chkl = y{[ K11 (. n}l, §, nik:

Ss = Sum[y[[j.k1l, {. 1. n}, {k, 1. n}]*2/sq;

STT = Sumiylj k112, {j, 1. n}, {k, 1, n};

Sst = Sum[Sum(y[[j,k]], {k, 1, n}1"2, {i, 1, n}I/n;
Ssa = Sum[Sum[y[{j.k]], {i, 1, n}1"2, {k, 1, n}I/n;
Ssb = Sum{Sum{tmpl[j.kll, {j, 1, n}]1"2, {k, 1, n}l/n;

St = Sst - Ss;
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Sa = Ssa - Ss;
Sb = Ssb - Ss;

Se =S8TT-Ss-St-Sa-Sh;

Mt = St/v;
Ma = Sa/v;
Mb = Sb/v,

Me = Se/ve;

Cit = (Mt - Me)/n;
Cla = (Ma - Me)/n,
Cib = (Mb - Me)/n;
Cle = Me;

x1 = SH/(St + Se);

i1 = BetaRegularzed{x1, v/2, ve/2 + 2],
12 = BetaRegularized[x1, v/2, ve/2 + 1];
I3 = BetaRegularized[x1, v/2, ve/2];

at = (ve/2 + 1y11/12 - ve/2*12/13;

vel = velal*12/13;

Me1 = Se/(a1*vel),

Sel =vel1*Me1;

x2 = Sa/(Sa + Se1);

I4 = BetaRegularized[x2, v/2, ve1/2 + 2];
I5 = BetaRegularized[x2, v/2, ve1/2 + 1];

16 = BetaRegularized[x2, v/2, ve1/2];
a2 = (vel/2 + 1)M4/15 - ve1/2*15/16;
ve2 = vel/a2*15/16;

Me?2 = Sel/(a2*ve2);

Se2 = ve2*Me?2;

x3 = Sb/(Sb + Se2);

17 = BetaRegularized[x3, v/2, ve2/2 + 2];
I8 = BetaRegularized[x3, v/2, ve2/2 + 1];
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19 = BetaRegularized[x3, v/2, ve2/2];
a3 = (ve2/2 + 1y*I7/18 - ve2/2*18/19;
vel = ve2/a3*8/19;

Me3 = Se2/(al3*ve3);

3e3 = vel3*Mel;

x4 = Sb/(Sb + Se1);

110 = BetaRegularized[x4, v/2, ve1/2 + 2],

(11 = BetaRegularizedx4, v/2, ve1/2 + 1],

112 = BetaRegularized[x4, v/2, ve1/2];
a4 = (vel/2 + 1)*10/111-- ve 1/2*111/112;
ved = vel/ad*111/112;

Med = Sel/(ad*ved);

Se4 = ved*Med;

xb = 8a/(Sa + Se);

113 = BetaRegularized{x5, v/2, ve/2 + 2];
114 = BetaRegularized[x5, v/2, ve/2 -+ 1];
115 = BetaReqularized[x5, v/2, ve/2];

ab = (vel2 + 1)y 113/114 - ve/2*114/115;
veb = ve/a5*114/115;

Meb5 = Se/(a5*ve5);

Seb = ve5*Meb;

x6 = Sb/(Sb + Seb);

116 = BetaRegularized[x6, v/2, ve5/2 + 2],
117 = BetaRegularized[x6, v/2, veb/2 + 1];

118 = BetaRegularized[x6, v/2, ve5/2];
ab = (ve5/2 + 1y"116/117 - ve5/2*117/118;
veb = ve5/ag*I17/I18;

Me6 = Se5/(ab*veb);

Seb = ve6*Me6;

Bt = 1/n*(St/(v + 2) - Meb);
Ba = 1/n*(8a/(v + 2) - Me4);
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Bb = 1/n*(Sb/(v + 2) - Me2);

Be = Se3/(ve3 + 2},

IfiClt>=08&Cla>=0&& Clb >= 0 && Cle >= 0&& Bt >= 0 && Ba >=0 &&Bb >= 0 && Be >=0

&& chkEu == C,

L=L+1;

ECI = Sgrt[{Clt - Kvr)*2 + (Cla - Kvr)"2 + (Clb - Kvr)"2 +(Cle - Evar)~2];

EB = Sart{(Bt - Kvr)"2 + (Ba - Kvrn)"2 +(Bb - Kvr)"~2 + (Be - Evan)"2];

EuCi = EuCl + ECI; EuB = EuB + EB;

IfiL >= 50,

HIADS[EuCH/L - oldEuCl] <= 0.001 && Abs[EuB/L - oldEuB] <= 0.001, chkEu = 1]];
Print[L,"t".EuCI/L, "\t", EuB/L, "t", Abs[EuCI/L - oldEuCI], "t", Abs[EuB/L - oldEuB]];
datakEuCI[[L,2]] = EuCI/L;

dataBuB[[L,2]] = EuB/L; oldEuCl = EuCl/L; oldEuB = EuB/L;

WriteString[f2, StringJoin[ToString[Clt], "\t", ToString[Cla], “\t", ToString[Clb], "\t*, ToString[Cle],
\t", ToString{BY], ", ToString[Bal, "t", ToString[Bb], "t", ToString[Be], "t", ToString[ECI], "\t",
ToString[EB], "\n"l;

WriteString[f3, StringJoin[ToString[Se], "\t", ToString[Mt], “\t*, ToString[Ma], "\t*, ToString[Mb], "\t",
ToString[Me],"\t", ToString[Clt], "t", ToString{Cla], "t", ToString{ClIb], "n"];

WriteString[f4, StringJoin[ToString[Me6], \t", ToString[Med], "\t", ToString[Me2],"\t", ToString[St],
"t", ToString{Sa], "\t", ToString[Sb], "t", ToStringfve3], "t', ToString[Se3], "n"l};

Do[DolWriteString[f5, StringJoin[ToString[y[[j, k111, "\t"], {k. n}1, {j, n}]; WriteString[f5, "\n"; 1, {z,

Lmax}];

Print{"\n",U, "\t", Evar, \t", V];
EC =EuCl/L;

EB=EuB/L;

Diff =EC - EB;
Print[L,"t",EC " ,EB,"t", Diff};
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(* ﬂi’iwLLﬂmdﬁ‘tﬁltﬂ’N%ﬂgLaﬁlu@jL‘ﬂv’)ijﬂ"]ﬂd;fll e

datal = Table[{x, 0}, {x, L}];

data? = Table{{x, 0}, {x, L}];

Doldata([i,2]] = dataEuCI[[i,2]]; data2[[i,2]] = dataBuB[[i,2]]; , {i, L}];

ListPlot[data1, PlotJoined -> True, PlotRange -> {0, 3*Kvr}, PlotLabel -> " [ Classic ] *, AxesLabel ->
'N", "Eucl’}];

ListPlot[data2, PlotJoined -> True, PiotRange -> {0, 3*Kvr}, PlotLabel -> " < Bayes > ", AxesLabel ->
{"N*, "EuB"}];

Closelft];

Close[f2];

Close[f3];

Close(f4];

Closel[f5];

¢ 2) TsunsunisAnuauunANLl sz iuLLTRsine S AAN AN *)

n =3
k=1,

U =40;
cv = 0.05;
sq =n"2;
v =n-1;

ve = (n-1*{n-2);

alp = 0.05;
up = alp/2;
o = 1-up;

vrU_k_,cv_]:=(cv*U)"2/(3*k+1);
Evar=N[Vr{U k,cv1.6];
Kvr=k*Evar,

V=Evar+(3*Kvr);
Print[U,"\t",Evar,\t" V1;

Chilv_,Alp_] := FindRoot[Integrate[(w" (v/2-1)*E" (-w/2))/(Gamma[v/2]*2" (v/2)),
{w,0,9)}==Alp,{q,0.0001,2000};



(~ medla adeyafiiua i 1 lunmnardszinnuuutasraiaén *)
f1 = OpenRead["Latin2.dat"];

rdata = ReadLlist] {1, {Real,Real,Real Real Real,Real,Real, Real}l];

L =73,

chkLUC = C;

f2= OpenWrite["LatinLUC .dat'];

Dol y = rdata[[z]];
Se = yl([1I;
Mt = yl[2]];
Ma = y[[3]]:
Mb = yl{4]};
Me = yl[[5]];
Cit = y[[6]1;
Cla = y([71];
Cio = y[[8]];

Rt = N[ ((Mt-Me)"2) / ((Mt™2/v)+(Me " 2/ve)), 4];
Ra = N[ ((Ma-Me)"2) / ((Ma"2N)+(Me"2/ve)), 4],
Rb = N[ ((Mb-Me)"2) / (Mb"2/v)+(Me"2/ve)), 4];

Ctl=N[qg /. Chi[Rt, lo} 41
Cat = Nqg /. Chi[ Ra, lo].4];

Cbl =N[qg /. Chi[ Rb, lo ], 4];
Cel=N[g /. Chi[ ve, o] 4] :

Ctu=N[g /. Chif Rt, up ] .4];
Cau = N[g /. Chi[ Ra, up 1,4];
Cbu = N[q /. Chi[ Rb, up 1, 4];
Ceu=N[qg /. Chi[ve,up] 4];

LCt = N[(CIt*Rt)/Cti 4],
LCa = N[(Cla*Ra)/Cal ,4];
LCb = N[{Cib*Rb)/Cbl ,4];
LCe = N[Se/Cel ,4];
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UCt = NICIt*Rt)/Ctu 4]
UCa = Ni(Cla*Ra)/Cau 4]
UCb = N[(CIb*Rb)/Cbu ,4];
UCe = N[Se/Ceu 4],

St0 = StringPosition[ ToString[LCt], {*+*,"",""}];
Sa0 = StringPosition[ ToString[LCa], {"+","1""1"}};
Sb0 = StringPosition[ ToString[LCb], {"+*" ""};
St1 = StringPosition[ ToString[UCH], {"+"."* "I}];
Sa1 = StringPositionf ToString[UCa], {"+*""."I"}];
Sb1 = StringPosition[ ToString[UCDB], {"+"*"."1"}];

Prnt[z,"t[", LCt, ".", UCt, "I, [, LCa, " , UCa, *I\t", '[", LCb, "," , UCb, "It", "[",LCe, "" ,UCe, “T\n" ];

WriteString{ f2, StringJoin[ *[", ToString[LCt], *.* , ToString[UCH], “I\t",
‘", ToString[LCa], "." , ToString{UCa], T\t",
‘[, ToString[LCb], *" , ToString[UCb], "\t",
"[", ToString[LCe], *," , ToString[UCe], "T\n" 11;
HT (Kvr < LCt |} Kvr > UCt) || (Kvr < LCa || Kvr > UCa) ||
(Kvr < LCb || Kvr > UCb) || (Evar < LCe || Evar > UCe)||
Stot={}11Sa0 = {}l|Sb0 1= || St1 t={ || Sat = {|Sb1={},
chkLUC = chkLUC + 1;
1
Print[* ']
{z. bk
Print{ chkLUC 1;
Print[N[ chkLUC / L,4] J;
Closeff1l;
Close[f2];

(* 3) WsunsumsANUI UM ATL ST UULIL TR AT ILE %)
n =3;

U=40;

cv=0.05;
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sg=n"2;
alp = 0.05;
al = alp/2;
v =n-1;

ve = (n-1)*(n-2);

vriU_k_,cv_] = (cv'U)"2/(3*%+1);
Evar = NVriU k,cv1,7];

Kvr = k*Evar;

V= Evar+(3*Kvr);
Print[U,"t",Evar,"\t" Vi;

(~ madalnddayaiiiualiunldluniswAdssannuuudoaud *)
f1 = OpenRead["Latin3.dat"];

rdata = ReadList{ {1, { Real,Real Real Reat Real,Real Real,Real}];

L=73;
chkLUB =0;
f2 = OpenWrite["LatinLUB.dat"];
f3 = OpenWrite["Error.dat™];
Dol y = rdata{{z]];

Me6 = y[[1]];

Med = y[[2]];

Me2 = y[i3]};

St = y[[4ll;

Sa = y[[5]];

8b = y[{61];

ved = y[[71].

Se3 = yl[8]l;

fnlv1_n1_S1_Me1_] := Integrate[( (n1/ST)*(Met+(n1*y1))/SN” (-1*(v1/2+1)*E~((-1/2)*(S1/(Me1+
(*y 1Y) ) / (Gammalv1/2]1*27 (v1/2)),{y 1,0, Infinity}];

fnE[ve3_,Se3_] = Integrate[( (1/Se3)*(y4/Se3)" (-1*(ve3/2+ 1)) E™((-1/2)*(Se3/y4)) )
/ (Gamma[ve3/2]*2"(ve3/2)),{y4.0,Infinity}];
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T = N[fnlv,n,St,Meo6]];
Al = Nifnfv,n,Sa Me4]];
Be= N[fn[v,n,Sb Me2}];
Er= N[fnE[ve3,5e3]];

fn1[vi_n1_S1_Me1_A_] = Integrate[( (n1/S1*((Me1+(n1*y 1))/ST)™ (-1*(v1/2+ 1)) E ((-1/2)4(S 1/
MeT+(n1*y 1)) / (Gammalv1/21* 27 (v1/2))/A {y1,0 tnfinity}];

fE1[ve3_,Se3_.Er_] = Integrate[( (1/Se3)*(y4/Se3)" (-1*(ve3/2-+ 1))*E"((-1/2)*(Se3/y4)) )
/ (Gammal[ve3d/2]*2" (ve3/2))/Er {y4 0. Infinity}]:

T1 = N[M1v,n,StMe6 T

Al1 = N[fn1[v,n,Sa,Me4 Al]]:

Be1= N[fn1[v,n.Sb,Me2 Be]]:

Ert= NfE1[ve3,Se3 Er]:

CPrANM[T1,\ AN " Be 1\ Er "\t *)

Lfn[vi_Alp1_,n1_S1_Me1_A1_] := FindRoot[Integrate[( (n1/S1)*((Me1+(n1*y1))/S1)™(-1*
(V124 DY EN((-1/2(81/ (Met+{n1*y 1)) ) / (Gammalv1/2]2"

(v1/2)/A1,{y1,0 x1}}==Alp1,{x1,0.001,5C}];

LfE[ve_,Alp2_,Se_,B1_] := FindRoot[Integrate[( (1/Se)*(y2/Se)"~(-1*(ve/2+1)*E~((-1/2)*

(Sely2)) ) / (Gammalve/2]*2 (ve/2)y/B1,{y2,0 x2}1==Alp2,

Ufn[v3_Alp3_,n2_,S3_Me3_C1_] := FindRoot[Integrate[( (n2/S3)*((Me3+(n2*y3))/S3)"(-1*
(V3/2+ D) EN ((-1/2)(S3/(Me3+(n2*y3)))) )
[ (Gammalv3/2]*2" (v3/2))/C1,{y3.x3,Infinity}]==Alp3,
{x3,0.001,2000}];

UfE[ve3d_,Alp4_,Se3_,D1_] := FindRoot[Integrate[( (1/Se3)*(y4/Se3)" (-1*(ve3/2+ 1)) E~((-1/2)*
(Sel/y4))) (Gammaived/2]*2" (ve3/2))/D1,{y4 x4, Infinity}]
==Alp4,{x4,0.001,2000}];

LBt = N[ x1 /. Lfn[v,al,n,StMe6,T] ,5]:
LBa = N[x1 /. Lin{v,al,n,8a,Med All 5]
LBb = N[ x1 /. Lfn[v,al,n,Sb,Me2 Be] ,5]:
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LBe = N[ x2 /. LfE[ve3,al,Se3,Er] ,5];

UBt = N[ x3 /. Ufn[v,al,n,St,Me6,T] ,5];
UBa = N[ x3 /. Ufn{v,al,n,8a,Me4 Al] ,5};
UBb = N[ x3 /. Um[v,al,n,Sb,Me2,Bel ,51;
UBe = N[ x4 /. UfE[ve3d,al,Se3,Er] ,5];

Printfz,"t","[*,LBt,"", UBt,"T", "t*,"[",.LBa,",",UBa,"]", \t","[",LBb,",",UBbL,T", "\t","[",LBe,",",UBe, "]
WriteStringf f2, StringJoin[ "[", ToString[LBt], "," , ToString[UBt], "\t",
"[*, ToString[LBa], “,* , ToString[UBa], "\t",
“[", ToString[LBDB], *," , ToString[UBb], "T\t",
", ToString[LBe], " , ToStringfUBe], “I\n* 11;
If [ (Kvr < LBt || Kvr> UBt) || (Kvr < LBa || Kvr > UBa) || (Kvr < LBb || Kvr > UBD) || (Evar < LBe
|| Evar > UBe),
chkLUB = chkLUB + 1;
WriteString[ 3, StringJoin[ToString[chkLUB]],"\n"T;
1B
Print[" "]
{z.L};
Print[ chkLUB I;
Print[N[ chkLUB /L,5]11;
Close[f1];
Close[f2];

Close[f3];

(* AUATNNY Y
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