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Abstract:The cost of survey of many characteristics in cross-sectional studies of large population is an 
important factor. This cost is minimized by the minimization of variances of different parameters in 
advance. Multi -objective decision making refers to situations where we have more than one objective 
(or goal) and these objectives conflict and we must somehow reach a decision taking them all into 
account. This contrasts with, for example linear programming, where a single objective – either 
optimizes expected monetary value for decision trees or optimize a single linear objective in the case of 
linear programming. The Chebyshev’s goal programming, one technique used for multi-objective 
decision making to optimum model.We considers the problem of minimizing variances for the various 
characters for a fixed (given) budget. The tooth jewellery is using high quality tooth jewels like Skyce 
and Sapphire, by the practicing dentists. 
Method: We consider a multivariate population with p characteristic of each unit, partitioned into L 
strata. Let nibe the number of units drawn without replacement from ithstratum (i = 1, 2,..., L) . Let Nibe 
the size of ith stratum. Forjthcharacter, an unbiased estimate of the population mean Yj( j = 1, 2,..., p) 
denoted by yjst, has its sampling variance. Cij be the cost of enumerating the jthcharacter in the ithstratum 
and Cis the upper limit on the total cost. By the Chebyshev’s goal programming approach the p objective 
functions are put in the form of constraints, termed as soft goals, with upper bounds. 
Result: For a survey on tooth jewellery awareness with sample size 310, budget Rs 1000, of two stratum 
of size Ni are 214, 92 having weighted variance Wi  0.40 , 0.60,  samples variance Si1 1.50,3.0, Si2   2.25,4.75, 
Si3 0.75,5.25,costs Ci1 0.60,0.80, Ci20.90,0.20, Ci3 1.5,2.0 .By entering values in developed Mat lab program 
the Chebyshev’s point by solving the LPP is Xch,X1=2.531981264798276 X2=25.667793390445496 and δ = 
0.000000000000171 . 
 
Keywords: Multi-Objective Stratified Sampling, Tooth Jewellery, Chebyshev’s Goal Programming, Mat 
Lab Program. 

 
Introduction:Multi-objective optimization (or programming), also known as '''multi-criteria''' or 
'''multi-attribute''' optimization, is the process of simultaneously optimizing two or more conflicting 
objectives subject to certain constraints. 
 
Multicriteria decision making refers to situations where we have more than one objective (or goal) and 
these objectives conflict and we must somehow reach a decision taking them all into account. This 
contrasts with, for example, decision trees or linear programming, where we have a single objective – 
either optimises expected monetary value for decision trees or optimise a single linear objective in the 
case of linear programming.Here we consider Goal programming, one technique to used multi criteria 
decision making. The problem of determining an optimum compromise allocation in multivariate 
stratified random sampling, when the population means of several characteristics are to be estimated. 
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Formulating the problem of allocation as an all integer nonlinear programming problem. The 
compromise allocation discussed is optimal in the sense that it minimizes a weighted sum of the 
sampling variances of the estimates of the population means of various characteristics under study. The 
weighted variance can be solved under fixed cost assumption but choice of weighted variance is 
arbitrary and optimality properties are not clear. The defined problem with given upper limits of 
variances is optimised by Convex programming approach and cost is minimized. When variances are 
minimized a further search required for optimisation.  Here we consider Chebyshev’s goal 
programming, one technique used for multi-criteria decision making.  
 
Tooth jewellery was earlier a part of the religious rituals and traditions, but now it is more concentrated 
on cosmetic function. A case report given by Vazhiyodan A et al 

[16]
 in the year 2013 describes that tooth 

jewellery is not a new concept as Native Americans also added bling to their teeth as far back as 2500 
years ago. According to their case report, Skyce and Sapphire are the two high quality tooth jewels that 
are most commonly being used by the practicing dentists. 
 
The questions were asked to dentists to know awareness of tooth jewellery. The questions related to 
knowledge about tooth jewellery, popularity, cost, harmful effects of it, and types of surgery, practice 
and start practicing it in future. 
 
Formulation of Problem:We consider a multivariate population partitioned into L strata. Suppose that 
p characteristics are measured on each unit of the population. We assume that the strata boundaries are 
fixed in advance. Let nibe the number of units drawn without replacement from ithstratum (i = 1, 2,..., L) . 
Let Ni be the size of ith stratum. For jthcharacter, an unbiased estimate of the population mean Yj( j = 1, 
2,..., p) denoted by y jst, has its sampling variance 
 

 

j=1,2,3, ........p 
Where   

 

Substituting, , we get 

 

 

 
 
Let Cij be the cost of enumerating the jthcharacter in the ithstratum and let Cis the upper limit on the 
total cost of the survey. Then assuming linear costfunction one should have 

 

 

 

 
The Ciis cost of enumeration of all thepcharacters in the ithstratum. 
Further one should have 

   (2.3) 
We determine the optimum values of niby minimizing (in some sense) all the pvariances (2.1) for a fixed 
budget (2.2) i.e. we have to 
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Minimize 

 

 

 

and (2.4) 
 
Since Ni, are given, it is enough to minimize 

 

Using Xifor ni, the problem (2.4) can be written asthe following multi-objective non-linear programming 
problem: 
 

 

 
The problem (2.5) is multi-objective convex programming problem, as the objective function in this is 
convex (Kokan and Khan 1967), the single constraint and bounds are linear. There for for j=k problem 
(2.5) convex programming problem. For k=1,2,....,p, every p problems have different solution. Using 
Chebyshev’s goal programming approach a unique solution, suitable for all p problems is obtained. 
The p non- linear objective functions in multi-objective allocation problem (2.5) are turning into soft 
goals with a single linear constraint i.e hard goals. According to Chebyshe’s goal programming, the 
entire soft and hard goal should be in linear form as the worst deviation from the linear goals is 
minimized. So, we approximate the non-linear soft goals by linear ones.  
 
It may be noted that an analytic solution of the problem (2.5) for single character, 
say, j = k is given as (Kokan and Khan 1967), 
 

 

  
 

 
When the lower and/or upper bounds are violated for some i (which is a very extreme case and rarely 
occurs in practice), some extra efforts are needed as explained in the above reference. However, since at 
this stage we need only approximate points, we may fix such xi = k at the corresponding bounds. Our 
strategy will be to approximate the convex objective surface Vkby the tangent hyper plane at the point 
(2.6).  
This is obtained as 
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Then 

 

this gives  
 

 

 
The multi-objective convex programming problem (2.5) reduces to the following approximate multi-
objective linear programming problem: 
 

 

 
Chebyshev’s Goal Programming Solution: We use the Chebyshev’s goal programming approach in 
which the pobjective functions are put in the form of constraints, termed as soft goals, with upper 
bounds called aspiration level. Aspiration level Lkis nothing but the minimum value of Vk obtained by 
solving convex programming problem (2.5) individually for the Kth objective function. The explicit 
solutions for these pproblems can again be obtained by using  
The Chebyshev’s goal programming model first solving (2.7) is given as 
 

Minimize δ  

 

 

,(3.1) 

 
and      1≤ Xi ≤ Ni             (j =1, 2,……………L) 

 
The solution Xch of the problem by converting a multiobjective convex programming into a multi 
objective linear programming problem and using the Chebyshev’s approach for its solution, provides us 
a satisfactory point in the sense that the values of the various objective functions at this point remain 
very close to the optimal values obtained by individually solving the convex programming problems 
(2.5) for various j=1, 2,...,p. 
 
Study of Tooth Jewellery:A descriptive cross-sectional study hasbeen conducted among 310 private 
dental practioners in NCR. A self structured, closed ended questionnaire was distributed among all the 
subjects who took approx 5min to complete. Section A comprises of socio-demographic profile 
regarding age, gender, educational status, work experience etc. section B comprises of knowledge and 
practice of tooth jewellery among different dentists that includes questions regarding its procedure, 
whether it is harmful, painful, surgical or not and the main reason behind the craze of tooth jewellery. 
Questions also includes about whether they are practicing tooth jewellery in their clinics, if yes then 
they find it safe for more and more people to adopt this procedure and if no, then will they stop 
practicing tooth jewellery in their clinics in future. 
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Consider the population divided in two strata on the basis of their education, first strata have BDS and 
second have MDS degree, with three characteristics Knowledge, Practice and Awareness under study for 
which the values of the stratum sizes, stratum weights, stratum standard deviations, measurement costs 
within the stratum Ni, Wi,Si1, Si2 and Si3were found respectivelyand given in the following table. We have 
fixed the budget 1000. 
 
Computer Code of Program: 
A part of computer programme code is as follows 
prompt={'Enter the number of Stratum:',... 
'Enter the number of Character:'}; 
name='Input for Goal Programming'; 
numlines=1; 
defaultanswer={'0','0'}; 
answer=inputdlg(prompt,name,numlines,defaultanswer); 
strings = char(answer); 
disp(answer{1}); 
Stratum_count = str2num(answer{1}); 
Character_count = str2num(answer{2}); 
 
disp(Stratum_count); 
disp(Character_count); 
 
for i = 1:Stratum_count, 
    prompt={'Enter the Size of Stratum:',... 
                 'Enter the Weight of Stratum:'}; 
      name='Input for Stratum'; 
      numlines=1; 
      defaultanswer={'0','0'}; 
      answer=inputdlg(prompt,name,numlines,defaultanswer); 
      strings = char(answer); 
      Stratum_info(i,1) = str2num(answer{1}); 
      Stratum_info(i,2) = str2num(answer{2}); 
%Stratum_info = [180 0.40; 290 0.60]; 
%Character_info(:,:,1) = [1.5000    2.2500    0.7500; 4.0000    4.7500    5.2500]; 
%Character_info(:,:,2) = [0.6000    0.9000    1.5000; 0.9000    1.2000     2.0000]; 
 

Table 1: The Stratum Sizes, Stratum Weights, Stratum Standard Deviations, 
Measurement Costs within The Stratum For Two Characteristics Under Study In Study Population 

Stratum i Ni Wi Si1 Si2 Si3 Ci1 Ci2 Ci3 

1 214 0.40 1.50 2.25 0.75 0.60 0.90 1.5 

2 96 0.60 3.00 4.75 5.25 0.80 1.20 2.0 

 
The Chebyshev’s model of the problem becomes as to: 
Minimize δ 
S.t.-0.0065X1 – 0.0086 X2 – δ ≤ - 0.2152 
-0.0158X1 – 0.0211 X2 – δ ≤ - 0.5270 
-0.0140X1 – 0.0186 X2 – δ ≤ - 0.4650 

3X1 + 4 X2 ≤ 10000 
and 1 ≤  X1  ≤ 214 

1 ≤  X2  ≤ 96 
δ ≥ 0 
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Output of Program: 
Table2: Values of Vj at the Individual Optimal Points and Chebyshev’s Point 

 
 Optimization Optimization Optimization Chebyshev’s 

 w.r.t. V1 w.r.t. V2 w.r.t. V3 point 

Rounded (8, 21) (7, 22) (3, 25) (3, 26) 

n1 and n2 

Value ofV1 .39684 0.00595 0.00714 0.1984 

Value ofV2 0.9705 0.0145 0.01742 0.4852 

Value of V3 0.8440 0.0126 0.01517 0.4220 

 
The Chebyshev’s point by solving the LPP is Xch,X1=2.531981264798276 X2=25.667793390445496 and δ = 
0.000000000000171 . The value of n1 and n2 are 3 and 26 respectively. 
 
Conclusion: We know Body art is increasing in popularity within a largely-unregulated industry. It 
includes tattooing, body piercings and oral jewellery, which consists of soft tissue piercings and/or 
objects attached to teeth. All body piercing presents a level of risk of infection. Because of the presence 
and variety of bacteria in the oral cavity, oral piercings are considered to have higher risk and are 
therefore strongly discouraged.  To cover large population we will use this Mat lab program to minimize 
the cost by minimizing variances of charters of population in advance of survey. 
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