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ABSTRACT 

The aims of this study are first to build the linear model of the fixed effect three level nested design. The model is 

nonfull column rank and has a constraint on its parameters; second is to transform the nonfull column rank model with a 

constraint into full column rank and unconstraint model by using method of model reduction; and third is to derive 

statistics for testing various hypothesesby using Generalized Likelihood Ratio (GLR) test and to derive the ratio of linear 

function of parameters by using Fieller’s Theorem. Based on the full column rank and unconstraint model the analysis to 

be conducted is: to estimate the parameters, to derive statistics for testing various hypotheses and to derive confidence 

intervals of the ratio of the linear function of parameters. The estimation of parameters and the statistics for testing some 

hypotheses are unbiased.  Based on the simulation results,  it can be shown that the tests are unbiased and in line with the 

criteria given by Pearson and Please. The simulation results for the (1-α) confidence interval of the ratio of the linear 

function of parameters  tau (τi), beta (ȕj(i)) and gamma (Ȗk(ij)) are presented for different values of ρ’s and in all cases the 
values of ρ’s are contained in the 95% confidence intervals. 

 
Keywords: nonfull rank model, full rank model, model reduction, estimation, testing hypotheses, ratio, linear function, parameters. 

 

1. INTRODUCTION 

In general linear model ܻ = ܺ� + �, sometimes 

the design matrix X is not full column rank. This condition 

implies that the estimation of parameter � is not unique. 

There are some available methods to deal with this 

condition when the design matrix X is not full column 

rank. Among others the methods are mean model approach 

[1, 2], reparameterization approach [3, 4], and model 

reduction method[5] are used. Mustofa et al [6] in their 

study has discussed the transformation from constrained 

model into unconstrained model in two way treatment 

structure with interaction by using model reduction 

method. Mustofa et al [7] in their study discussed the 

combination of randomized complete block design 

(RCBDs) by using model reduction method. Mustofa et 

al[8] in their study have discussed the application of 

model reduction method to deal with the ratio of linear 

function of parameters in combination of two split plot 

designs.  

In this study the authors would like to discuss the 

application of model reduction method [5] in fixed effect 

three level nested design, First, it will transform the 

constrained model into unconstrained model, and then will 

be discussed the estimation of parameters, testing 

hypotheses, and ratio of linear function of parameters in 

the unconstrained model by using Fieller’s Theorem [9, 
10]. 

 

2. MODEL REDUCTION METHOD 

The linear model of the fixed effect tree level 

nested design is given below: 

 

�௜௝௞௟ = � + �௜ + ௝ሺ௜ሻߚ + ௞ሺ௜௝ሻߛ + �௜௝௞௟ {݅ = ͳ, ʹ, …݆ܽ = ͳ, ʹ, … ܾ݇ = ͳ, ʹ, … ݈ܿ = ͳ, ʹ, … ݊   (1) 

 

where  �௜௝௞௟  is the i-th  observation from factor A, the j-th 

observation from factor B, the k-th observation from factor 

C and the l-th replication,  � is grand mean,  �௜ is the i-th 

effect of factor A, ߚ௝ሺ௜ሻ is the effect of the j-th factor B 

nested into i-th factor A,ߛ௞ሺ௜௝ሻ is the k-th effect of factor C 

nested within i-th factor A and j-th factor B, and �௜௝௞௟  is 

the error and �௜௝௞௟  has a distribution  ܰሺͲ, �ଶሻ [11, 12]. 

For the fixed effect model it is assumed that the 

model (1) has a restriction as follows: 

 

  
 

In the matrix form (1) and (2) can be written as 

follows:   ܻ = ܺ� + �                    (3) 

Constraint ܩ� = Ͳ 

where 

 ܺ = [ͳ௔௕௖� ௔ܫ ⊗ ͳ௕௖� ௔௕ܫ ⊗ ͳ௖� ௔௕௖ܫ ⊗ ͳ�] 
 

 

 �݅ = 0ܽ݅
=1 ߚ݆     ; (݅) = 0  ∀݅ ;ܾ݆

=1 ߚ݆      ሺ݅ሻ = 0  ∀݆ ;ܽ݅
=1 ݆݅)݇ߛ   ) = 0  ∀݅, ݆;ܿ݇

=1 ݆݅)݇ߛ     ) = 0 ∀݆, ݇ ; ܽ݅
=1 ݆݅)݇ߛ   ) = 0  ∀݅, ݇ ܾ݆

=1                           (2) 

� =  �, �1, �2. . , �ܽ , ,1ሺ1ሻߚ 2ሺ1ሻߚ … , ,(1)ܾߚ .2ሺ2ሻߚ ,1ሺ2ሻߚ . , ,(2)ܾߚ . . , ,1ሺܽሻߚ ,1ሺܽሻߚ ,2ሺܽሻߚ . . , ,ሺܽሻܾߚ ,(11)1ߛ (11)2ߛ … , ,(11)ܿߛ ,1ሺ12ሻߛ (12)2ߛ (12)2ߛ ,… … , ,(12)ܿߛ … , (1ܾ)2ߛ,1ሺ1ܾሻߛ … , ,(1ܾ)ܿߛ .2ሺ22ሻߛ ,1ሺ21ሻߛ . ,(22)ܿߛ ,. …  , ,(2ܾ)1ߛ ,(2ܾ)2ߛ … , ,(2ܾ)ܿߛ (2ܽ)2ߛ,1ሺܽ1ሻߛ… … , ,(2ܽ)ܿߛ .. 

1
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,ଶሺ௔௕ሻߛଵሺ௔௕ሻߛ . .  ′[௖ሺ௔௕ሻߛ
ܩ  = [ ͲͲ௔×ଵͲ௔௕×ଵ

ͳ௔′ Ͳଵ×௔௕ Ͳଵ×௔௕௖Ͳ௔×௔ ′௔ͳ௕ܫ Ͳ௔×௔௕௖Ͳ௔௕×௔ Ͳ௔௕×௔௕ ′௔௕ͳ௖ܫ ] ͳ�is nx1 unit matrix,  ܫ� is nxn identity matrix, and ⊗ is 

KroneckerProduct[2, 4, 13].  

Model (3) is not full column rank and has 

constrained on it parameters. To transform the constrained 

model (3) into unconstrained model, method of model 

reduction [5] is used. First it is to transform the parameter 

θ into �ଵ by using permutation matrix T as follows:  

 �ଵ = ܶ�                                   (4) 

 

and  ܶ′ܶ =  ௔+௔௕+௔௕௖+ଵܫ

From (4) we have 

 

                     ܶ =
[  
   
  ͲͲୟ×ଵͲୟୠ×ଵͲሺୟ−ଵሻ×ଵͲୟሺୠ−ଵሻ×ଵͲୟୠሺୡ−ଵሻ×ଵͳ

(ͳ    Ͳଵ×ሺୟ−ଵሻ)Ͳୟ×ୟͲୟୠ×ୟ(Ͳሺୟ−ଵሻ×ଵIሺୟ−ଵሻ)Ͳୟሺୠ−ଵሻ×ୟͲୟୠሺୡ−ଵሻ×ୟͲଵ×ୟ

Ͳଵ×ୟୠIୟ(ͳ    Ͳଵ×ሺୠ−ଵሻ)Ͳୟୠ×ୟୠͲሺୟ−ଵሻ×ୟୠIୟ(Ͳሺୠ−ଵሻ×ଵIሺୠ−ଵሻ)Ͳୟୠሺୡ−ଵሻ×ୟୠͲଵ×ୟୠ

Ͳଵ×ୟୠୡͲୟ×ୟୠୡIୟୠ(ͳ    Ͳଵ×ሺୡ−ଵሻ)Ͳሺୟ−ଵሻ×ୟୠୡͲୟሺୠ−ଵሻ×ୟୠୡIୟୠ(Ͳሺୡ−ଵሻ×ଵIሺୡ−ଵሻ)Ͳଵ×ୟୠୡ ]  
   
  
 

 

 �ଵ = [�ଵ, ,ଵሺଵሻߚ . . ,ଵሺ௔ሻߚ ,ଵሺଵଵሻߛ . . ,ଵሺଵ௕ሻߛ . . ,ଵሺ௔ଵሻߛ . . , ,ଵሺ௔௕ሻߛ �{ଵ},      ߚ{ଵሺଵሻ}, . . , ,{ଵሺ௔ሻ}ߚ {ଵሺଵଵሻ}ߛ … , ,{ଵሺଵ௕ሻ}ߛ . . , ,{ଵሺ௔ଵሻ}ߛ . ,{ଵሺ௔௕ሻ}ߛ ,. �]′ 
where �{ଵ}       = ሺ�ଶ, �ଷ … . . , �௔ሻ′ ߚ{ଵሺଵሻ}  = ,ଶሺଵሻߚ)  ଷሺଵሻߚ … . . , {ଵሺ௔ሻ}ߚ ′(௕ሺଵሻߚ  = ,ଶሺ௔ሻߚ)  ଷሺ௔ሻߚ … . . , {ଵሺଵଵሻ}ߛ ′(௕ሺ௔ሻߚ ,ଶሺଵଵሻߛ) = ଷሺଵଵሻߛ … . . , {ଵሺଵ௕ሻ}ߛ ′(௖ሺଵଵሻߛ ,ଶሺଵ௕ሻߛ) = ଷሺଵ௕ሻߛ … . . , {ଵሺ௔ଵሻ}ߛ ′(௖ሺଵ௕ሻߛ = ,ଶሺ௔ଵሻߛ) ଷሺ௔ଵሻߛ … . . , {ଵሺ௔௕ሻ}ߛ ′(௖ሺ௔ଵሻߛ = ,ଶሺ௔௕ሻߛ) ଷሺ௔௕ሻߛ … . . , ′(௖ሺ௔௕ሻߛ

 

 

Now (3) become ܻ = ଵܺ�ଵ + �                    (5) 

Constrained  ܩଵ�ଵ = Ͳ 

 

where ଵܺ = ଵܩ , ′ܶܺ = and �ଵ ′ܶܩ = ܶ�. 

So we have 

ଵܩ  = [ ͳ Ͳ௔′ Ͳ௔௕′Ͳ௔ ௔ܫ Ͳ௔×௔௕Ͳ௔௕ Ͳ௔௕×௔ ௔௕ܫ
ͳሺ௔−ଵሻ′ Ͳ௔ሺ௕−ଵሻ′ Ͳ௔௕ሺ௖−ଵሻ′Ͳ௔×ሺ௔−ଵሻ ′௔ ͳሺ௕−ଵሻܫ Ͳ௔×௔௕ሺ௖−ଵሻͲ௔௕×ሺ௔−ଵሻ Ͳ௔௕×௔ሺ௕−ଵሻ ′௔௕ ͳሺ௖−ଵሻܫ     ͲͲ௔Ͳ௔௕] 

 ଵܺ = [ଵ ଶ ଷସ ହ ଺  ͳ௔௕௖�] 
 

where 

ଵ = ( ͳ௕௖�Ͳሺ௔−ଵሻ௕௖�) 

ଶ ௔ܫ = ⊗ ( ͳ௖�Ͳሺ௕−ଵሻ௖�) 

ଷ = ௔௕ܫ ⊗ ( ͳ�Ͳሺ௖−ଵሻ�) 

ସ = ( Ͳ௕௖�×ሺ௔−ଵሻܫሺ௔−ଵሻ ⊗ ͳ௕௖�) 

ହ = ௔ܫ ( Ͳ௖�×ሺ௕−ଵሻܫሺ௕−ଵሻ ⊗ ͳ௖�) 

଺ = ௔௕ܫ ( Ͳ�×ሺ௖−ଵሻܫሺ௖−ଵሻ ⊗ ͳ�) 

 

Then we partition ଵܺ, ܩଵ, and �ଵ as follow ଵܺ = [ ଵܺଵ ଵܺଶ]     ܩଵ = ଵଵܩ] ଵଶ]     �ଵܩ = [�ଵଵ �ଵଶ]′     

 

where 

 ଵܺଵ = [ଵ ଶ ଷ]                (6) 

 ଵܺଶ = [ସ ହ ଺ͳ௔௕௖�]               (7) 

ଵଵܩ  = [ ͳ Ͳ௔′ Ͳ௔௕′Ͳ௔ ௔ܫ Ͳ௔×௔௕Ͳ௔௕ Ͳ௔௕×௔ ௔௕ܫ ]               (8) 

 

ଵଶܩ = [ ͳሺ௔−ଵሻ′ Ͳ௔ሺ௕−ଵሻ′ Ͳ௔௕ሺ௖−ଵሻ′Ͳ௔×ሺ௔−ଵሻ ′௔ͳሺ௕−ଵሻܫ Ͳ௔×௔௕ሺ௖−ଵሻͲ௔௕×ሺ௔−ଵሻ Ͳ௔௕×௔ሺ௕−ଵሻ ′௔௕ͳሺ௖−ଵሻܫ
ͲͲ௔Ͳ௔௕]      (9) 

 

 

 
 

From (5) to (10), we apply the method of model 

reduction [5], then we have 

 

ܻ = ଵܺ௥�ଵ௥ + �              (11) 

 

where 

�11 =  �1, ,1ሺ1ሻߚ ,1ሺ11ሻߛ,1ሺܽሻߚ… . . . …,1ሺ1ܾሻߛ , ,1ሺܽ1ሻߛ … , 1ሺܾܽߛ ሻ]′     �12 =  �{1}, ,{1ሺ1ሻ}ߚ . . ,{1ሺܽሻ}ߚ ,{1ሺ11ሻ}ߛ . . ,{1ሺ1ܾሻ}ߛ . . ,{1ሺܽ1ሻ}ߛ . . 1ሺܾܽ}ߛ ሻ}, �]′                         (10) 

6
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ଵܺ௥ = [ ଵܺଶ − ଵܺଵܩଵଵ−ଵܩଵଶ] �ଵ௥ = �ଵଶ 

To find the matrix ଵܺ௥ first it need to find the 

matrix ܩଵଵ−ଵ. From (8), ܩଵଵ is an identity matrix with the 

order +ܽ + ͳ , so that  

ଵܺଵܩଵଵ−ଵܩଵଶ= ଵܺଵܩଵଶ  and 

 

 
 

From (7), (11) and (12) it is found that 

 

     
                         

The parameter vector  �ଵ௥ = �ଵଶ is given by (10). 

 

Lemma 1 

Model (11) is full column rank. 

 

Proof 

To prove that the model (11) is full column rank, 

it is sufficient to show that the rank of matrix ଵܺ௥ is equal 

to ܾܽܿ �ܽ݊݇ ሺ ଵܺ௥ሻ = �ܽ݊݇ ሺ ଵܺ௥′ ଵܺ௥ሻ ଵܺ௥′ ଵܺ௥ =  ሺଵ,ଶ,ଷ,ସሻ݃ܽ݅݀ ݇ܿ݋݈ܤ
 

where: 

 

ଵ =  Jሺୟ−ଵሻ + Iሺୟ−ଵሻ]bcn 

ଶ = Iୟ Jሺୠ−ଵሻ + Iሺୠ−ଵሻ]cn 

ଷ = Iୟୠ Jሺୡ−ଵሻ + Iሺୡ−ଵሻ]n 

ସ = ͳୟୠୡn′ ͳୟୠୡn = abcn 

 

Since ଵ,ଶ,ଷ, and ସ are nonsingular matrices, then ଵܺ௥′ ଵܺ௥ is nonsingular and has the rank abc. 

 

3. ESTIMATION OF PARAMETER 

Model (11) is unconstrained and has full column 

rank. By using general Gauss Markov theorem [3, 13], the 

estimation of the parameters (11) is unbiased and has 

optimal property.  

The estimation of  �ଵ௥ is  

 �̂ଵ௥ = ሺ ଵܺ௥′ ଵܺ௥ሻ−ଵ ଵܺ௥′ ܻ  = ଵܺ௥− ܻ                               (14) 

 

where ଵܺ௥− = ሺ ଵܺ௥′ ଵܺ௥ሻ−ଵ ଵܺ௥′ ሺ�̂ଵ௥ሻܧ  = ሺܧ ଵܺ௥− ܻሻ = ଵܺ௥− = ሺܻሻܧ ଵܺ௥− ଵܺ௥�ଵ௥ = �ଵ௥                 (15)  

 

The variance of  �̂ଵ௥  is 

 

 

 
 

Therefore �̂ଵ௥ is normally distributed with mean �ଵ௥ and variance 

 �ଶሺ ଵܺ௥′ ଵܺ௥ሻ−ଵ                               (17) 

 

The unbiased estimator of �ଶ is 

 �̂ଶ = ଵ௔௕௖ሺ�−ଵሻܻ′[ܫ − ଵܺ௥ ଵܺ௥− ]ܻ.               (18)  

 

 In the next step below, we are going to check the 

characteristic of the estimators. We will check whether the 

estimator satisfied the criteria of Uniformly Minimum 

Variance Unbiased Estimator (UMVUE) [3]. Namely, we 

are going to check: 

(i) ܧ(�̂ଵ௥) = �ଵ௥  , namely �̂ଵ௥ is unbiased estimator of �ଵ௥ . 

(ii) ܸܽ�(�̂ଵ௥) ൑ ܸܽ�ሺ�ଵ௥∗ ሻ, where �ଵ௥∗  is the other estimator of  �ଵ௥  

Proof 

To prove (i) it is sufficient to show that ܧ(�̂ଵ௥) =�ଵ௥ and the equation (15) has proved it, that is  �̂ଵ௥ is 

unbiased estimator of  �ଵ௥.  

To prove (ii), let �ଵ௥∗  is other unbiased estimator 

of �ଵ௥ , then we will show that   ܸܽ�(�̂ଵ௥) ൑ ܸܽ�ሺ�ଵ௥∗ ሻ. 

Let �ଵ௥∗  is written in the form  �ଵ௥∗ = ሺ ଵܺ௥− +  ܻ ሻܣ

where A is abc x abcn matrix, so that ܧ[�ଵ௥∗ ]     = ሺ]ܧ ଵܺ௥− +  [ܻ ሻܣ
                                        = ሺ]ܧ ଵܺ௥− +  [ܻ ሻܣ
                                        = ሺ ଵܺ௥− +  [ܻ ]ܧሻܣ
                                        = ሺ ଵܺ௥− + ሻܣ ଵܺ௥�ଵ௥ 

                                        = ሺ ଵܺ௥− ଵܺ௥ + ܣ ଵܺ௥ሻ�ଵ௥ 

12ܩ1ܺ1                             =  1(1(ܽ−1)
′ ) 2(ܽܫ  1(ܾ−1)

′ )    3(ܽܫ ܾ 1(ܿ−1)
′ ) 0ܾܽܿ݊ ]                              (12) 

               X1r =   −(1(a−1)
′ 1bcn )

Iሺa−1ሻ1bcn

 Ia −(1(b−1)
′ 1cn )

Iሺb−1ሻ1cn

 Iab −(1(c−1)
′ 1n)

Iሺc−1ሻ1n

     1abcn                 (13) 

ܸܽ� (�̂1�) = �1̂�  ܧ − �1̂� [(�1̂�)ܧ −   ′[(�1̂�)ܧ
 = ]}ܧ 1ܺ�− ܻ − �1� ][ 1ܺ�− ܻ − �1�] ′}  
 = ]}ܧ 1ܺ�− ሺ 1ܺ��1� + �ሻ  − �1�] [ 1ܺ�− ሺ 1ܺ��1� + �ሻ − �1�]′} 
 = ]}ܧ 1ܺ�− � ] [ 1ܺ�− � ]′} 
 = 1ܺ�− ��ሺܧ ′ሻܺ′

1�−   

 = �2ሺ 1ܺ� ′ 1ܺ�ሻ−1                                          (16) 

7

12
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                                        = ሺܫ + ܣ ଵܺ௥ሻ�ଵ௥  

  

ince �ଵ௥∗  is unbiased estimator, then           ܧሺ�ଵ௥∗ ሻ     = �ଵ௥  ሺܫ + ܣ ଵܺ௥ሻ�ଵ௥ = �ଵ௥ . 

Therefore ሺܫ + ܣ ଵܺ௥ሻ = ܣ  and ܫ ଵܺ௥ = Ͳ 

 
 

 

Therefore (ii) has been proven,  ܸܽ�(�̂ଵ௥) ൑ ܸܽ�ሺ�ଵ௥∗ ሻ. 

 

4. TESTING OF HYPOTHESES  

From model (11), we can test some function of 

parameters by using Generalized Likelihood Ratio Test 

[3], some  hypotheses and the statistics to test the 

hypotheses are presented in the theorems below. 
  

Theorem 1 

In the unconstrained linear model (11),  ଵ is a statistics 

test of  generalized likelihood ratio (GLR) to test the 

hypothesis ܪ଴: ܪଵ�ଵ௥ = ℎଵ  against ܪ௔: ܪଵ�ଵ௥ ≠ ℎଵ                    (20) 

Where 

    ℎଵ = Ͳ[௔ሺ௕௖−௕−ଵሻ−ଵ]×ଵ  

and the statistic test is   ଵ = (ுభ�̂భ�)′[ுభ(௑భ�′ ௑భ�)−భுభ′]−భ(ுభ�̂భ�) ௗ�ଵ⁄௒′[ூ−௑భ�௑భ�− ]௒ ௗ�ଶ⁄              (21) 

where ݂݀ͳ is the rank of matrix ܪଵ, �ܽ݊݇ሺܪଵሻ = ܽ − ʹ 

and ݂݀ʹ is the rank of matrix [ܫ − ଵܺ௥ ଵܺ௥− ], �ܽ݊݇ሺ[ܫ −ଵܺ௥ ଵܺ௥− ]ሻ = ܾܽܿሺ݊ − ͳሻ. Under ܪ଴  ଵ has a distribution  ܨ(௔−ଶ,௔௕௖ሺ�−ଵሻ), and the criteria test is 

         Reject  ܪ଴  if ଵ ൒  ቀ�:ሺ௔−ଶሻ,(௔௕௖ሺ�−ଵሻ)ቁܨ

where ܨቀ�:ሺ௔−ଶሻ,(௔௕௖ሺ�−ଵሻ)ቁ is the upper probability point of 

the central F-distribution with  ܽ − ʹ and ܾܽܿሺ݊ − ͳሻ 

degrees of freedom. 

 

Proof 

From (11) the random error � is ܾܽܿ݊ × ͳ vector and 

has NሺͲ,ሻ, distribution so that Y is random vector 

aܾܿ݊ × ͳ and has Nሺ ଵܺ௥�ଵ௥ ,ሻ distribution. To find the 

distribution of ܻ′[ܫ −  ଵܺ௥ ଵܺ௥− ]ܻ  the Theorem 2.3.3 ([14], 

p. 62) is used and we have to show that the matrix [ܫ − ଵܺ௥ ଵܺ௥− ] is idempotent. 

Let ଵܷ is ܻ′ܻܭ where ܭ = ܫ] − ଵܺ௥ ଵܺ௥− ], since Y has a 

multivariate distribution, then there exists a matrix C 

nonsingular such that ܥ′ܥ = . Define the random 

variable Z, 

 ܼ = ሺܥ′ሻ−ଵሺܻ − ଵܺ௥�ଵ௥ሻ   (22)  

then Z has NሺͲ, Iሻ  distribution. From (22)  we have 

 ܻ = ܼ′ܥ + ଵܺ௥�ଵ௥                 (23)  

So that ܻ′ܻܭ    = ሺܥ′ܼ + ଵܺ௥�ଵ௥ሻ′ܭሺܥ′ܼ + ଵܺ௥�ଵ௥ሻ = ሺܼ′ܥ + �ଵ௥′ ଵܺ௥′ ሻܭሺܥ′ܼ + ଵܺ௥�ଵ௥ሻ = ሺܼ′ܥ + �ଵ௥′ ଵܺ௥′ ሻܥ−ଵܥܭܥ ′ሺܥ ′ሻ−ଵሺܥ′ܼ + ଵܺ௥�ଵ௥ሻ = ሺܼ′ + �ଵ௥′ ଵܺ௥′ ܥܭܥଵሻ−ܥ ′ሺܼ + ሺܥ ′ሻ−ଵ ଵܺ௥�ଵ௥ሻ = ሺܼ + ሺܥ ′ሻ−ଵ ଵܺ௥�ଵ௥ሻ′ܥܭܥ ′ሺܼ + ሺܥ ′ሻ−ଵ ଵܺ௥�ଵ௥ሻ =   ଵܸ                   (24)ܤ′ܸ

where ܸ = ሺܼ + ሺܥ ′ሻ−ଵ ଵܺ௥�ଵ௥ሻ and ܸ has distribution ܰሺሺܥ ′ሻ−ଵ ଵܺ௥�ଵ௥ , ଵܤ ሻ alsoܫ = ܥܭܥ ଵܤ                  ′  = ܥܭܥ              ଵܤଵܤ ′ = ܥܭܥ ܥܭܥ′ ܥܭܥ              ′ ′ = ܥܭܭܥ ܥܭܥଵ−ܥ    ′ ܥ′ = ܥܭܭܥଵ−ܥ =   ܭ               ܥ′                   (25)ܭܭ

The equation (25) shows that [ܫ − ଵܺ௥ ଵܺ௥− ]  is 

idempotent.  Since Σ is nonsingular, then 

                 �ܽ݊݇ሺܭሻ = [ܭ]݇݊ܽ� = ܫ]݇݊ܽ� − ଵܺ௥ ଵܺ௥− ] .  
Since [ܫ − ଵܺ௥ ଵܺ௥− ] is idempotent, then �ܽ݊݇ሺܭሻ = ܫ]�� − ଵܺ௥ ଵܺ௥− ] = ��ሺܫሻ − ��ሺ ଵܺ௥ ଵܺ௥−ሻ = ��ሺܫሻ − ��ሺ ଵܺ௥− ଵܺ௥ሻ = ܾܽܿሺ݊ − ͳሻ 

Based on Theorem 4.4.3 ([3], p.135), ଵܷ has a Chi-Square 

distribution with degrees of freedom ܾܽܿሺ݊ − ͳሻ with 

noncentrality parameter equals to zero, 

                                          ሺl = Ͳሻ.                   (26) 

 

Let ଶܷ = (ܪଵ�̂ଵ௥)′ ܪଵሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଵ ′]−ଵ(ܪଵ�̂ଵ௥) (27) 

Define �ଵ = ଵ�ଵ௥ܪ  , then the estimator �ଵ = �̂ଵ is �̂ଵ =  ଵ�̂ଵ௥                (28)ܪ

Substitute (28) into (27), we have �̂ଵ′ ଵሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଵ ′]−ଵ�̂ଵ              (29) �̂ଵ is a ሺܽ − ʹሻ × ͳ random vector and has distribution 

               ܰ(�ଵ, �ଶܪଵሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଵ ′)                 (30) 

ܸܽ�(�1�∗ ) = ∗�1�]}ܧ − ∗�ሺ�1ܧ ሻ][�1�∗ − ∗�ሺ�1ܧ ሻ]′} 
         = ሺ]}ܧ 1ܺ�− + ܻ ሻܣ − ሺܫ + ܣ 1ܺ�ሻ�1�]   [ሺ 1ܺ�− + ܻ ሻܣ − ሺܫ + ܣ 1ܺ�ሻ�1�]′}  

= ሺ]}ܧ 1ܺ�− + ሻ ሺܣ 1ܺ��1� + �ሻ − �1�]    [ሺ 1ܺ�− + ሻ ሺܣ 1ܺ��1� + �ሻ − �1�]′}   
         = ሺ]}ܧ 1ܺ�− 1ܺ��1� + 1ܺ�− � + ܣ 1ܺ��1� + ሻ�ܣ − �1�  ]   [ሺ 1ܺ�− 1ܺ��1� + 1ܺ�− � + ܣ 1ܺ��1� + ሻ�ܣ − �1�]′}   
 = �1�]}ܧ + ሺ 1ܺ�− + �ሻܣ − �1�  ][�1� + ሺ 1ܺ�− + �ሻܣ − �1� ]′} 

= ሺ]}ܧ 1ܺ�− + ሻ� ][ሺܣ 1ܺ�− +   {′[�ሻܣ
= ሺ}ܧ 1ܺ�− + � �ሻሺܣ ′ሻሺ 1ܺ�− +  {′ሻܣ
= �2[ 1ܺ�− 1ܺ�−′ + 1ܺ�− ܣ + ܣ 1ܺ�−′ + ′ܣܣ ] 
= �2[ሺ 1ܺ� ′ 1ܺ�ሻ−1 + ′ܣܣ ] 
= �2ሺ 1ܺ� ′ 1ܺ�ሻ−1+�2ܣܣ′  
= ′ܣܣ2�+ (�1̂�) �ܸܽ                                             (19)  

1ܪ = [ሺ1ሺܽ−2ሻ ሺܽ−2ሻሻܫ− 0ሺܽ−2ሻ×ܽሺܾ−1ሻ 0ሺܽ−2ሻ×ܾܽሺܿ−1ሻ 0ሺܽ−2ሻ×1] 

14

15
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From (30) by using Corollary 4.2.1.4 ([3], p. 127) 

then   ଵ�మ �̂ଵ′ )ଵܪ] ଵܺ௥′ ଵܺ௥)−ଵܪଵ′]−ଵ �̂ଵ  = �మ�మ                (31) 

has Chi-Square distribution, with the degrees of freedom 

(a-2).so that ଶܷ has Chi-Square distribution with ሺܽ − ʹሻ 

degrees of freedom.  

 

Next we will show that ଵܷ and ଶܷ are independent.  

Let   ܮଵ = ଵሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଵ ′]−ଵ
 and  to show that  ଵܷ and ଶܷ independent, we have to show that  ܭܮଵ = Ͳ. ܭܮଵ = ܫ] − ଵܺ௥ ଵܺ௥−]�ଶܫ[ሺܪଵ ଵܺ௥− ሻሺܪଵ ଵܺ௥− ሻ′]−ଵ  = �ଶܫ]ܫ − ଵܺ௥ ଵܺ௥− ][ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ−− ଵܺ௥ ଵܺ௥− ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ−− ଵܺ௥ ଵܺ௥− ଵܺ௥′ ଵܪଵ′−ሺܪ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ− − ଵܺ௥ܪଵ′ሺܪଵ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ− − ሺܪଵ ଵܺ௥− ሻ′−ሺܪଵ ଵܺ௥− ሻ−] = �ଶܫ[Ͳ] = Ͳ                  (32) 

Since ܭܮଵ = Ͳ, we conclude that ଵܷ and ଶܷ are 

independent.  

 

From (26), (31) and (32), ଵ is the ratio of two 

independent Chi-square distributions, therefore under ܪ଴  

ଵ has ܨ(௔−ଶ,௔௕௖ሺ�−ଵሻ)  distribution.   

 

 

Theorem 2 

From general linear model (11), ଶ is a 

generalized likelihood ratio (GLR) test for testing the 

hypothesis 

ଶ�ଵ௥ܪ :଴ܪ  = ℎଶagainstܪ௔: ܪଶ�ଵ௥ ≠ ℎଶ               (33) 

where 

 

   ℎଶ = Ͳ[௔ሺ௕௖−௕−ଵሻ−ଵ]×ଵ 

and the statistic test is  

 

ଶ = (ுమ�̂భ�)′[ுమ(௑భ�′ ௑భ�)−భுమ′]−భ(ுమ�̂భ�) ௗ�ଷ⁄௒′[ூ−௑భ�௑భ�− ]௒ ௗ�ଶ⁄                 (34) 

 

where݂݀͵ is the rank of the matrix ܪଶ, �ܽ݊݇[ܪଶ] =ܽሺܾ − ʹሻ. Under ܪ଴  ଶ has an  ܨ(௔ሺ௕−ଶሻ,௔௕௖ሺ�−ଵሻ) 
distribution. The criteria test is 

Reject ܪ଴ if ଶ ൒  (௔ሺ௕−ଶሻ,ሺ௔௕௖ሺ�−ଵሻሻ:�)ܨ
where ܨ(�:௔ሺ௕−ଶሻ,ሺ௔௕௖ሺ�−ଵሻሻ) is the upper probability point 

of the central F-distribution with ܽሺܾ − ʹሻ and  ܾܽܿሺ݊ −ͳሻdegrees of freedom. 

 

Proof 

 

Let ଷܷ = (ܪଶ�̂ଵ௥)′ ܪଶሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଶ ′]−ଵ(ܪଶ�̂ଵ௥)          (35) 

 

Define  �ଶ = ଶ�ଵ௥ , then the estimator of �ଶܪ = �̂ଶ is 

�̂ଶ =  ଶ�̂ଵ௥                  (36)ܪ

 

Then (35) becomes 

 �̂ଶ′ ଶሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଶ ′]−ଵ�̂ଶ            (37) 

 �̂ଶisܽሺܾ − ʹሻ × ͳ random vector and has distribution 

 ܰ(�ଶ, �ଶܪଶሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଶ ′)                            (38) 

 

From (38) by using Corollary 4.2.1.4 ([3], p. 127) then 

 ଵ�మ �̂ଶ′ ଶሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଶ ′]−ଵ�̂ଶ = �య  �మ                           (39) 

 

has a chi-squares distribution with degrees of freedom ܽሺܾ − ʹሻ, so ଷܷ also has chi-squares distribution. 

 

Next we will show that ଵܷand ଷܷ are independent.  

Letܮଶ = ଶሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଶ ′]−ଵ
ଶܮܭ  = ܫ] − ଵܺ௥ ଵܺ௥−]�ଶܫ[ሺܪଶ ଵܺ௥− ሻሺܪଶ ଵܺ௥− ሻ′]−ଵ = �ଶܫ]ܫ − ଵܺ௥ ଵܺ௥− ][ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ− − ଵܺ௥ ଵܺ௥− ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ− − ଵܺ௥ ଵܺ௥− ଵܺ௥′ ଶܪଶ′−ሺܪ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ− − ଵܺ௥ܪଶ′ ሺܪଶ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ− − ሺܪଶ ଵܺ௥− ሻ′−ሺܪଶ ଵܺ௥− ሻ−] = �ଶܫ[Ͳ] = Ͳ                 (40) 

 

Since ܭܮଶ = Ͳ, then ଵܷ and ଷܷare independent.   

From (26), (39) and (40)ଶ is the ratio of two 

independent Chi-Square distributions. Therefore under ܪ଴ଶ has ܨ(௔−ଶ,௔௕௖ሺ�−ଵሻ) distribution. 

 

Theorem 3 

General linear model (11), ଷ is Generalized 

Likelihood Ratio (GLR) test for testing the hypothesis 

ଷ�ଵ௥ܪ :଴ܪ  = ℎଷagainstܪ௔: ܪଷ�ଵ௥ ≠ ℎଷ               (41) 

 

where 

 

    ℎଷ = Ͳ௔௕ሺ௖−ଶሻ×ଵ 

The statistic test is  

 

ଷ = (ுయ�̂భ�)′[ுయ(௑భ�′ ௑భ�)−భுయ′]−భ(ுయ�̂భ�) ௗ�ସ⁄௒′[ூ−௑భ�௑భ�− ]௒ ௗ�ଶ⁄               (42) 

 

where ݂݀Ͷ is the rank of matrix ܪଷ, �ܽ݊݇ሺܪଷሻ =ܾܽሺܿ − ʹሻ. Underܪ଴, ଷ has  ܨ(௔௕ሺ௖−ଶሻ,௔௕௖ሺ�−ଵሻ) 
distribution and the criteria test is 

Reject ܪ଴  if ଷ ൒   (௔௕ሺ௖−ଶሻ,ሺ௔௕௖ሺ�−ଵሻሻ:�)ܨ

where ܨ(�:௔௕ሺ௖−ଶሻ,ሺ௔௕௖ሺ�−ଵሻሻ) is the upper probability point 

of the central F-distribution with ܾܽሺܿ − ʹሻ and ܾܽܿሺ݊ −ͳሻ degrees of freedom. 

 

2ܪ = [0ܽሺܾ−2ሻ×ሺܽ−1ሻ ሺ1ሺܾ−2ሻܽܫ ሺܾ−2ሻሻܫ− 0ܽሺܾ−2ሻ×ܾܽሺܿ−1ሻ 0ܽሺܾ−2ሻ×1] 
3ܪ = [0ܾܽሺܿ−2ሻ×ሺܽ−1ሻ 0ሺܽ−2ሻ×ܽሺܾ−1ሻ ሺ1ሺܿ−2ሻܾܽܫ ሺܿ−2ሻሻܫ− 0ܾܽ ሺܿ−2ሻ] 

8

8

9

9
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Proof 

Let ସܷ  is  (ܪଷ�̂ଵ௥)′ ܪଷሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଷ ′]−ଵ(ܪଷ�̂ଵ௥)       (43) 

 

Define �ଷ = ଷ�ଵ௥ , then the estimator of �ଷܪ = �̂ଷ is 

 �̂ଷ =  ଷ�̂ଵ௥.                  (44)ܪ

 

Substitute the equation (44) so that the equation (43) 

becomes 

 �̂ଷ′ ଷሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଷ ′]−ଵ�̂ଷ                (45) 

 �̂ଷisܽሺܾ − ʹሻ × ͳ random vector and has multivariate 

normal distribution  ܰ(�ଷ, �ଶܪଷሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܪଷ ′).  (46) 

 

From (46) by using Corollary 4.2.1.4 ([3], p. 127) then  ͳ�ଶ �̂ଷ′ ଷሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଷ ′]−ଵ�̂ଷ = ସܷ�ଶ 

has Chi-Square distribution, so that ସܷalso has Chi Square 

distribution with ܾܽሺܿ − ʹሻ degrees of fredom.           (47) 

 

Next we will show that ଵܷ and ସܷare independent.  

Let ܮଷ = ଷሺܪ  ଵܺ௥′ ଵܺ௥ሻ−ଵܪଷ ′]−ଵ
ଷܮܭ    = ܫ] − ଵܺ௥ ଵܺ௥−]�ଶܫ[ሺܪଷ ଵܺ௥− ሻሺܪଷ ଵܺ௥− ሻ′]−ଵ = �ଶܫ]ܫ − ଵܺ௥ ଵܺ௥− ][ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ− − ଵܺ௥ ଵܺ௥− ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ− − ଵܺ௥ ଵܺ௥− ଵܺ௥′ ଷܪଷ′−ሺܪ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ− − ଵܺ௥ܪଷ′ ሺܪଷ ଵܺ௥− ሻ−] = �ଶܫ[ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ− − ሺܪଷ ଵܺ௥− ሻ′−ሺܪଷ ଵܺ௥− ሻ−] = �ଶܫ[Ͳ] = Ͳ.                                                             (48) 

 

Since ܭܮଷ = Ͳ, ଵܷ and ସܷ are independent. From (26), 

(47) and (48), ଷ is the ratio of two independent Chi-

Square distributions, so under  ܪ଴, ଷ has ܨ(௔௕ሺ௖−ଶሻ,௔௕௖ሺ�−ଵሻ)  distribution. 

 

5. RATIO OF LINEAR FUNCTION OF  

PARAMETERS 

To build the confidence interval of the ratio of 

linear function of parameters  �ଵ௥ in model (11) is as 

follows: 

                                   � = ெ′�భ�ே′�భ�                                        (49) 

 

where  M and N are  abcx 1 known vector .  

Note that: 

W = ெ′�̂భ�−�ே′�̂భ�[�̂{ெ′ሺ௑భ�′ ௑భ�ሻ−భெ−ଶ�ெ′ሺ௑భ�′ ௑భ�ሻ−భே+�మே′ሺ௑భ�′ ௑భ�ሻ−భே}భ మ⁄ ] (50)  

 

has t- distribution with  abc(n-1) degrees of freedom.  

 ሺͳ −  ሻͳͲͲ% Confidence interval for � can be found byߙ

using   Fieller’s argument [9]. Let P is the probability, then ͳ − ߙ = ܲ[−� ൑ W ൑ �] = ܲ[ܳ�ଶ + ܴ� + ܵ ൑ Ͳ] 
 

where ܳ = (ܰ′�̂ଵ௥)ଶ − �ଶܰ′ሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܰ�̂ଶ   (51)  

ܴ = ʹ �ଶܯ′ሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܰ�̂ଶ −   (52)  [(ଵ௥̂�′ܰ)(ଵ௥̂�′ܯ)

 ܵ  = ଶ(ଵ௥̂�′ܯ) − �ଶܯ′ሺ ଵܺ௥′ ଵܺ௥ሻ−ଵܯ�̂ଶ                (53)  

 

Let q, r and s denote the value of observation of 

the above random variables, then we believe that ሺͳ  ሻͳͲͲ% is our confidence that  �contained by the intervalߙ−

  −௥−(௥మ−ସ௤௦)భ మ⁄ଶ௤ , −௥+(௥మ−ସ௤௦)భ మ⁄ଶ௤                  (54)  

 

6. SIMULATION 

To conduct the simulation, the software R version 

3.1.3 was used. In this simulation,   for the model three 

level nested design model (11), each level of the design is 

a=3, b=4 and c=3, while the replication we take for n=2, 

n=10 and n= 30, so the vector parameter is 

 

 
In this simulation the samples replication is 1,000 

and the parameter vector is set: 

 �ଵ௥={0.2,0.4,0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8,0.2,0.4,0.6,0.

8,1,1.2, 1.4,1.6,1.8,2,2.2,2.4,2.6,2.8,3,3.2,3.4,3.6,3.8, 

4,4.2,4.4,4.6,4.8,5}. The value for variances is set 

for�ଵଶ = ͳ, and �ଶଶ = 9 . To show the unbiased estimate of 

the parameter, from the 1,000 replication of samples, we 

calculate the following: 

(θ̂ଵr)ܧ   = θ̂ଵrሺଵሻ + θ̂ଵrሺଶሻ + θ̂ଵrሺଷሻ + … . . +θ̂ଵrሺଵ.଴଴଴ሻͳ.ͲͲͲ  

 

The results of the simulation show that the 

estimate value �̂ଵ௥ from the unconstraint model found 

from the application of the method of model reduction [5] 

are very close to the values of �ଵ௥. The estimate values for 

the parameter tau ሺ�ଶ, �ଷሻ are very close to the real values 

for different replication of n (Figure 1, 2 and 3). The 

estimate values for the parameter beta  ሺߚଶሺଵሻ, ,ଶሺଶሻߚ ,ଶሺଷሻߚ ,ଷሺଵሻߚ ,ଷሺଶሻߚ ,ଷሺଷሻߚ ,ସሺଵሻߚ ,ସሺଶሻߚ  ସሺଷሻ,) areߚ

very close to the real values beta for different replication 

of n (Figures 4, 5 and 6). The estimate values for the 

parameter gamma ሺߛଶሺଵଵሻ, ,ଶሺଵଶሻߛ ,ଶሺଵଷሻߛ ,ଶሺଵସሻߛ ,ଶሺଶଵሻߛ ,ଶሺଶଶሻߛ ,ଶሺଶଷሻߛ ,ଶሺଶସሻߛ ,ଶሺଷଵሻߛ ,ଶሺଷଷሻߛ  ,ଶሺଷଶሻߛ ,ଶሺଷସሻߛ ,ଷሺଵଵሻߛ ,ଷሺଵଶሻߛ ,ଷሺଵଷሻߛ ,ଷሺଵସሻߛ ,ଷሺଶଵሻߛ ,ଷሺଶଶሻߛ ,ଷሺଶଷሻߛ ,ଷሺଷଵሻߛ ,ଷሺଶସሻߛ ,ଷሺଷଶሻߛ ,ଷሺଷଷሻߛ  ଷሺଷସሻ) are very close to the real valuesߛ

gamma for different replication of n (Figures 7, 8 and 9).  

 

�1� = {�2, �3, ,2ሺ1ሻߚ ,(2)2ߚ ,(3)2ߚ ,(1)3ߚ ,(2)3ߚ ,(3)3ߚ ,(1)4ߚ ,(2)4ߚ ,(11)2ߛ  ,4ሺ3ሻߚ ,(12)2ߛ ,(13)2ߛ ,(14)2ߛ ,(21)2ߛ ,(22)2ߛ ,(23)2ߛ ,(24)2ߛ ,(31)2ߛ ,(33)2ߛ  ,(32)2ߛ ,(34)2ߛ ,(11)3ߛ ,(12)3ߛ ,(13)3ߛ ,(14)3ߛ ,(21)3ߛ ,(22)3ߛ ,(23)3ߛ ,(31)3ߛ ,(24)3ߛ ,(32)3ߛ ,(33)3ߛ ,(34)3ߛ �} .  

1

5

5

5
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Figure-1. The estimate of Tau (a=3, b=4, c=3, n=2). 

 

 
 

Figure-2.The estimate of Tau (a=3, b=4, c=3, n=10). 

 

 
 

Figure-3.The estimate of Tau (a=3, b=4, c=3, n=30). 

 

 
 

Figure-4.The estimate of Beta (a=3, b=4, c=3, n=2). 

 
 

Figure-5.The estimate of Beta (a=3, b=4, c=3, n=10) 

 

 
 

Figure-6.The estimate of Beta (a=3, b=4, c=3, n=30). 

 

 
 

Figure-7.The estimate of Gamma (a=3, b=4, c=3, n=2). 

 

 
 

Figure-8.The estimate of Gamma (a=3, b=4, c=3, n=10). 
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Figure-9.The estimate of Gamma (a=3, b=4, c=3, n=30). 

 

 To test the hypotheses related to parameters Tau, 

Beta and Gamma, we define the null hypotheses as 

follows: 

 

a) ܪ଴: �ଶ = �ଷ ; against  ܪ௔: �ଶ ≠ �ଷ. 
b) H଴: βଶሺଵሻ = βଶሺଶሻ = βଶሺଷሻ = βଷሺଵሻ = βଷሺଶሻ = βଷሺଷሻ = βସሺଵሻ ସሺଶሻߚ        = = ௔ܪ        ସሺଷሻ; againstߚ :at least one  ߚ௝ሺ௜ሻ is different from the others. 

c) H଴: γଶሺଵଵሻ = γଶሺଵଶሻ = γଶሺଵଷሻ = γଶሺଵସሻ = γଶሺଶଵሻ = γଶሺଶଶሻ ଶሺଶଷሻߛ         = = ଶሺଶସሻߛ = ଶሺଷଵሻߛ = ଶሺଷଶሻߛ = ଶሺଷଷሻߛ = ଶሺଷସሻߛ ଷሺଵଵሻߛ        = = ଷሺଵଶሻߛ ଷሺଵଷሻߛ = = ଷሺଵସሻߛ = ଷሺଶଵሻߛ = ଷሺଶଶሻߛ ଷሺଶଷሻߛ  = = ଷሺଶସሻߛ = ଷሺଷଵሻߛ = ଷሺଷଶሻߛ = ଷሺଷଷሻߛ =  ଷሺଷସሻߛ
       against        ܪ௔ :at least one  ߛ௞ሺ௜௝ሻ is different from the others. 

 

To evaluate the size of the test in this simulation, 

1,000 data set was used and the size of the test and the 

power of the test are calculated for different setting of the 

parameters. In this simulation we set some different values 

of �ଶ, namely �ଶ = ʹ, �ଶ = Ͷ, and �ଶ = 6 and different 

number of replication n=2, 6 and 10.The size of the test is 

given in the following table. 

 

Table-1. The size of the tests under Ho for hypotheses 

a, b and c. 
 

Hyphoteses �૛ � = ૛ � = � � = ૚૙ 

a 

2 

4 

6 

0.056 

0.055 

0.051 

0.051 

0.053 

0.061 

0.054 

0.049 

0.044 

b 

2 

4 

6 

0.057 

0.052 

0.041 

0.055 

0.049 

0.048 

0.053 

0.052 

0.042 

c 

2 

4 

6 

0.056 

0.060 

0.041 

0.049 

0.051 

0.048 

0.060 

0.034 

0.045 

 

In the simulation we set the size of the tests 0.05, 

and based on the results of the simulation, the size of the 

test for different values of σ2
and n are very close to 0.05.  

From the criteria of Pearson and Please [15], for the size 

of the test 0.05, the result between 0.03 and 0.07 are 

within the acceptable range (unbiased).  An unbiased test 

of size α has a power function less than or equal to α for 

all θirϴir(Ho), where ϴir(Ho) is a parameter space under Ho, 

and greater than or equal to α for all θirϴir(Ha) , where 

ϴir(Ha) is a parameter space under Ha [16, 17].The results 

in Table-1, Figure-10, Figure-11, and Figure-12  show that 

they are fulfil the criteria above. So the tests are unbiased.  

The graph of the size and power of the test for the 

three hypotheses are given in the following figures. 

 

 
 

Figure-10.The size and power of the test for hypothesis a. 

 

 
 

Figure-11.The size and power of the test for hypothesis b. 

 

 
 

Figure-12.The size and power of the test for hypothesis c. 

 

For the simulation of the ratio of linear function 

of parameters (49) and its confidence interval (54), we set 

4
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the value for each parameter in the vector parameter�ଵ௥. In 

the simulation we set the linear function of parameters tau, 

beta, and gamma. We set the values of M and N, where M 

and N are 36x1 vector constant,  such that we can find the 

real value of the ratio �, By using Fieller’s theorem [9], 1-

α confidence interval for � can be calculated. The 

simulation of 95% confidence interval with 1,000 

replication of the samples forρ’s the resultsare given 
below. 

 

Table-2. Confidence Interval (CI) of the Ratio of Linear 

function of parameters ρ. 
 

No. 

Ratio of linear 

function of 

parameters 

ρ 
95%Confidence 

interval (CI) 

1 Tau, τi 

0.68 

1.00 

1.31 

1.56 

1.58 

(0.6680, 1.3491) 

(0.6539, 1.7969) 

(0.5512, 4.4064) 

(0.5332, 5.9989) 

(0.5241, 6.4865) 

2 Beta,  ߚ௝ሺ௜ሻ 
1.26 

1.32 

1.62 

2.17 

2.30 

(0.6984, 1.6306) 

(0.6071, 2.3523) 

(0.5581, 4.0075) 

(0.5165, 8.5525) 

(0.5109, 8.9643) 

3 Gamma, ߛ௞ሺ௜௝ሻ 
0.96 

1.09 

1.17 

1.33 

1.73 

(0.6888, 1.6429) 

(0.6122, 2.0874) 

(0.5851, 2.7322) 

(0.5396, 4.1915) 

(0.4834, 8.9401) 

 

The results of the simulation (Table-2) show that 

in the 95%  confidence interval, all values of the ρ’s  are 
contained in the interval. 
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