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Abstract
The purpose of multicriteria decision models is to help decision maker to evaluate each alternative
and to rank them in descending order of performance. A problem can appear when the criteria are
not independent. This study explores the effect of multicollinearity between criteria in decision
making with the technique for order preference by similarity to ideal solution (TOPSIS) and
proposes an algorithm to resolve this problem. The algorithm was based on the application of the
TOPSIS method several times until all the components are uncorrelated. The algorithm was applied
on two examples from medical field to demonstrate its effectiveness. After we applied the purposed
algorithm on two examples the index result from TOPSIS was equal correlated with all the criteria.
Keywords: TOPSIS method; Diabetes mellitus type 2; Multicollinearity.
Introduction
Problems of decision making where the evaluation of possible alternatives with different criteria
are widespread today not only in the economy. To resolve a situation and choose that alternative
which is optimal in terms of evaluation criteria is a problem not only important but also difficult.
We consider the multiatribut decision models because it may have applications in the medical
field [1-6]. Multi-criteria methods were used in the medical fields in combination with Shanon
entropy [7-8], fuzzy teory [9], artificial intelligence algorithms [10] or neural networks [11].
From the multiatribut decision making methods we chose TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) method because it can be use not only to determin the
best alternative, but it can be use for ranking the alternatives.
In TOPSIS method the best alternative is considered the alternative that minimizes the distance
to the ideal solution. The ideal solution is the solution that maximizes all the maximum criteria and
minimizes all the minimum criteria. The optimal alternative is the alternative for which the distance
to ideal solution is minimal [12]. Hwang and Yoon introduced this method in 1981 [13]. TOPSIS
method was used in medical field by several authors [14-20]. We found only two studies in medical
field were the authors applied TOPSIS method for rank risk factors: in bronchial asthma [19] and in
post kidney transplant diabetes mellitus [20]. TOPSIS method takes in account the characteristics of
the factors: risk or protection factor and amplitude of their influence [20].
The assumptions of the TOPSIS method are independence and non-correlation between
attributes [21]. This assumption frequently is violated and then the evaluations done using TOPSIS
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in presence of multicolinearity can be wrong [22].
The aim of our study was to explore the effect of multicollinearity between two ore more
criteria in a decision making model with TOPSIS and to found a solution for the multicollinearity
problem.
Material and Method

TOPSIS Method
We have, generally, m indicators (symptoms, characteristics, criteria) Cj, j= 1, m of the same
condition (disease, problem, state) and n alternative solutions Vi, i= 1, n . In the following, we
present the algorithm steps [12].
• Step 1. Construct the matrix of consequences A = [ a ij ], i = 1, n , j = 1, m
•

Step 2. Construct the matrix of normalized consequences R = [ rij ], i = 1, n , j = 1, m .

•

Step 3. Construct the weighted-normalized matrix V = [vij] with the criteria importance
coefficients: W=[wj], j= 1, m , the weights of each criteria Cj, j= 1, m , where:

vij = wj · rij, i = 1, n , j = 1, m
• Step 4. Define the positive ideal solution vector V+ and the negative ideal solution vector V(the vector for minimal value of alternatives if the criteria is a minimal criteria or the maxim
value of alternatives if the criteria is a maxim criteria) thus:
V+ = (v1+, v2+, ..., vm+), V- = (v1-, v2-, ..., vm-)
where:
⎧ max v , when Cj is a maximum criteria
⎪ 1≤ i ≤ n ij
⎪
+
vj = ⎨
v ij , when C j is a minimum criteria
⎪1min
⎪⎩ ≤ i ≤ n
and

{}

{}

{}
{}

⎧max v , when C is a maximum criteria
j
⎪⎪ 1≤ i ≤ n ij
−
vj = ⎨
v ij , when C j is a minimum criteria
⎪ 1min
⎪⎩ ≤ i ≤ n
•

Step 5. The calculation of distance between the i alternative and the positive ideal alternative V+
and the calculation of distance between the i alternative and the negative ideal alternative V-:

⎡m
2⎤
S i + = ⎢∑ v ij − v +j ⎥
⎣ j=1
⎦

1/ 2

⎡m
2⎤
S i − = ⎢∑ v ij − v −j ⎥
⎣ j=1
⎦

1/ 2

(

(

•

)

)

, i= 1, n

(1)

, i= 1, n

(2)

Step 6. The determination of the index to positive ideal solution:

In i =

Si −
, i= 1, n
Si + + Si −

An alternative Vi is more near to V+ the more Ini is close to 1.
A number of distance metrics can be applied. TOPSIS2 is a variant where distance was
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measured in least absolute value terms. Another commonly used metric is the Tchebychev metric,
where the minimum maximum difference is the basis for selection [23].
Problem of Collinearity
We define collinearity of the criteria as a linear relationship between two criteria. Two criteria
are perfectly collinear if there is an exact linear relationship between them. If X, Y are two criteria
with xi, i= 1, n respectively yi, i= 1, n values for each alternatives, then there exist parameters a and b
such that, for all alternatives i, we have [24]:
y i = a + bx i
(3)
In this case the Pearson coefficient of correlation is r=1.00 or r=-1.00. (3) is the regression line
equations.
We define multicollinearity as a situation in which two or more criteria are in a high linear
relationship. Two or more criteria are perfectly multicollinear if there is an exact linear relationship
between them. If Y is the dependent criteria and Xj, j= 1, m are m independent criteria, yi, i= 1, n
respectively xij, i= 1, n , j= 1, m values for each alternative, then there exists parameters a and bj,
j= 1, m such that, for all alternatives i, we have [24]:
y i = a + b1x i 1 + b 2 x i 2 + ... + b m x im .
Example 1. We took data from 500 patients with diabetes mellitus type 2 recorded at Center of
Diabetes, Nutrition and Metabolic Diseases, Cluj-Napoca, Romania. The TOPSIS method could be
applied in this particular case for the ranking of patients in order two predict the risk for the
complications of diabetes mellitus like: retinopathy, diabetic nephropathy and neuropathy. Three
parameters that can be taken into account in predicting risk in this case are glycaemia, cholesterol
and LDL-cholesterol. All the criteria in our example were maximum criteria. We choose these three
parameters because they meet our requirements.
Mathematical model: Let be X, Y, Z three criteria (glycaemia, cholesterol and LDL-cholesterol)
with xi, i= 1,500 respectively yi, i= 1,500 , zi, i= 1,500 , values for each alternatives (patients with
diabetes mellitus). The Pearson coefficients of correlation were r(X,Y)=0.003, r(X,Z)=-0.03
respectively r(Y,Z)=0.89.
• Phase 1. We applied TOPSIS for two independent criteria X, Y (weights: wx=1, wy=1). We
noted the results In(X,Y)i, i= 1,500 .
The Pearson coefficients of correlation were r(In(X,Y),X)=0.71 and r(In(X,Y),Y)=0.70. Both of
criteria have the same participation in the composition of index In.
• Phase 2. We applied TOPSIS for three criteria X, Y and Z (wx=1, wy=1, wz=1). We noted the
results In(X,Y,Z)i, i= 1,500 .
The Pearson coefficients of correlation were r(In(X,Y,Z),X)=0.59, r(In(X,Y,Z),Y)=0.78 and
r(In(X,Y,Z),Z)=0.74.
• Phase 3. We applied TOPSIS for two independent criteria X, Y (wx=1, wy=2). We noted the
results In(X,Y)i, i= 1,500 .
The Pearson coefficients of correlation were r(In(X,Y),X)=0.51 and r(In(X,Y),Y)=0.85.
From this example we can formulate the following proposition:
Proposition. If Cj, j= 1, m criteria, where Ck, k= 1, p are independent criteria with wk, k= 1, p
weights; C'l , l= 1, s are pairs of perfectly collinear criteria, w 'l , l= 1, s weights, p+s=m, then the
result of TOPSIS method Ini, i= 1, n is the same as the results of a model with the same Ck, k= 1, p
criteria with the weights wk, k= 1, p , and C'l , l= 1,

s
(one of each pairs of perfectly collinear
2

[
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criteria) with the weights wl = 1 + b 2l , l= 1,

s
s
, where bl, l= 1, are the coefficients of regression
2
2

line.
Demonstration. If s=2 and C1' perfectly correlated with C'2 then, from (1) and (3), Si+ become:

[

]

1/ 2

⎧p
2⎫
S i + = ⎨∑ ( v ik − v k+ )2 + ( v 'i 1 − v 1' + )2 + a + bv 'i 1 − ( a + bv 1' + ) ⎬
⎩ k =1
⎭
⎡ p
⎤
= ⎢∑ ( v ik − v k+ )2 + ( v 'i 1 − v 1' + )2 + b 2 ( v 'i 1 − v 1' + )2 ⎥
⎣ k =1
⎦

1/ 2

=

⎡p
⎤
= ⎢∑ ( v ik − v k+ )2 + ( v 'i 1 − v 1' + )2 (1 + b 2 )⎥
⎣ k =1
⎦

Analog for Si-.
Let wk=1, k= 1, p and w1' =t then:

⎡ p
⎤
S i+ = ⎢∑ ( w k v ik − w k v k+ )2 + ( w '1 v i 1 − w '1 v 1' + )2 ⎥
⎣ k =1
⎦
'
Analog for S i − .

1/ 2

'

⎡ p
⎤
= ⎢∑ ( v ik − v k+ )2 + t 2 ( v 'i 1 − v 1' + )2 ⎥
⎣ k =1
⎦

1/ 2

.

Thus S i + = S'i + if t = 1 + b 2 . Analog for S i − = S'i − .
Thus In i = In 'i if t = 1 + b 2 .
Example 2. We took data from 304 patients with diabetes mellitus type 2 recorded at Center of
Diabetes, Nutrition and Metabolic Diseases, Cluj-Napoca, Romania. For this example we use five
parameters to simulate our algorithm (Patients were different than the first example). The TOPSIS
method can be apply in this particular case for the ranking of patients similar with [19-20, 25]. For
criteria Cj, j= 1,5 we consider abdominal circumference, cholesterol, triglyceride, systolic blood
pressure and diastolic blood pressure. All the criteria in our example were maximum criteria. We
choose these parameters because they meet our requirements.
• Phase 2. We applied TOPSIS for the criteria Cj, j= 1,5 (weights=1 for all criteria). We noted the
results Ini, i= 1,304 . The Pearson coefficients of correlation were r(In,C1)=0.21, r(In,C2)=0.51,
r(In,C3)=0.56, r(In,C4)=0.69 and r(In,C5)=-0.71.
Solution
We propose the next algorithm:
Step 1. Compute the Pearson correlation matrix rij, i, j= 1, m between Cj, j= 1, m ;
Step 2. max=0;
Step 3. Get rkl=max from rij, i, j= 1, m \rij,i=j, where i, j= 1, m ;
Step 4. If rkl ≥ 0.25 then begin
In(Ck,Cl)=Apply TOPSIS (Ck,Cl);
Replace Ck with In(Ck,Cl);
Standardize Ck;
Delete Cl;
m=m-1;
if m=1 then Stop;
Go to Step 1.
end;
else Stop.
Where ”apply TOPSIS(Ck,Cl)” means the application of TOPSIS for two criteria Ck and Cl. We
took the cut-off from the empirical appreciations (Colton rules [24]).
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Results
We applied the algorithm in the case of the example 1. We had three criteria X, Y, Z (Cj, j= 1,3
(glycaemia, cholesterol and LDL cholesterol) and 500 alternatives (patients with diabetes mellitus).
First iteration
• Step 1. The Pearson correlation matrix was presented in table 1.
Table 1. The Pearson correlation matrix rij, i= 1,3 , j= 1,3 between criteria X, Y, Z (Cj, j= 1,3 )
Glycaemia
Cholesterol
LDL-cholesterol

•
•
•

•

Glycaemia
1.00
0.003
-0.03

Cholesterol
0.003
1.00
0.89

LDL-cholesterol
-0.03
0.89
1.00

Step 2. max=0;
Step 3. max=r32=0.89;
Step 4. We applied TOPSIS method for C2 and C3. We found In(C2,C3). The Pearson
coefficient of correlation r(In(C2,C3),C2)=0.97 and r(In(C2,C3),C3)=0.97. We replaced C2 with
In(C2,C3). We deleted C3. m=2. We repeated Step 1.
Second iteration
Step 1. The Pearson correlation matrix was presented in Table 2.
Table 2. The Pearson correlation matrix rij, i= 1,2 , j= 1, 2 between criteria X, In(C2,C3)
Glycaemia
In(C2,C3)

Glycaemia
1.00
-0.02

In(C2,C3)
-0.02
1.00

•

Step 2. max=0; Step 3. max=r21=-0.02; Step 4. Stop.
The problem of the collinearity was resolved, thus TOPSIS method can be applied.
Phase 4. We applied TOPSIS for two independent criteria X, In(Y,Z) (wx=1, win=1). We noted
the results In(X,In)i, i= 1,500 .
The Pearson coefficients of correlation were r(In(X,In),X)=0.73, r(In(X,In),Y)=0.66 and
r(In(X,In),Z)=0.64.

We applied the algorithm in the case of second example. We had five criteria Cj, j= 1,5
(abdominal circumference, cholesterol, triglyceride, systolic blood pressure and diastolic blood
pressure) and 304 alternatives (patients with diabetes mellitus).
First iteration
• Step 1. The Pearson correlation matrix was presented in Table 3.
Table 3. The Pearson correlation matrix rij, i= 1,5 , j= 1,5 between criteria Cj, j= 1,5
Abdominal
Cholesterol Triglyceride
circumference
Abdominal circumference
Cholesterol
Triglyceride
Systolic blood pressure
Diastolic blood pressure

1.00
0.24
-0.08
-0.09
-0.10

0.24
1.00
0.30
0.01
-0.01

-0.08
0.30
1.00
0.16
0.16

Systolic
blood
pressure
-0.09
0.01
0.16
1.00
0.62

Diastolic
blood
pressure
-0.10
-0.01
0.16
0.62
1.00

[
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•
•

Step 2. max=0; Step 3. max=r54=0.62;
Step 4. We applied TOPSIS method for C5 and C4. We found In(C4,C5). The Pearson
coefficient of correlation r(In(C4,C5),C4)=0.87 and r(In(C4,C5),C5)=0.92. We replaced C4 with
In(C4,C5). We deleted C5. m=4. We repeated Step 1.

Second iteration
• Step 1. The Pearson correlation matrix was presented in Table 4.
Table 4. The Pearson correlation matrix rij, i= 1,4 , j= 1,4 between criteria C1, C2, C3, In(C4,C5)
Abdominal circumference
Cholesterol
Triglyceride
In(C4,C5)

•
•

Abdominal circumference Cholesterol Triglyceride In(C4,C5)
1.00
0.24
-0.08
-0.10
0.24
1.00
0.30
0.00
-0.08
0.30
1.00
0.18
-0.10
0.00
0.18
1.00

Step 2. max=0; Step 3. max=r32=0.30;
Step 4. We applied TOPSIS method for C2 and C3. We found In(C2,C3). The Pearson
coefficient of correlation r(In(C2,C3),C2)=0.86 and r(In(C2,C3),C3)=0.89. We replaced C2 with
In(C2,C3). We deleted C3. m=3. We repeated Step 1.
Third iteration
Step 1. The Pearson correlation matrix was presented in table 5.

•

Table 5. The Pearson correlation matrix rij, i= 1,3 , j= 1,3 between criteria C1, In(C2,C3), In(C4,C5)
Abdominal circumference
In(C2,C3)
In(C4,C5)

•
•
•

Abdominal circumference
1.00
0.08
-0.10

In(C2,C3)
0.08
1.00
0.13

In(C4,C5)
-0.10
0.13
1.00

Step 2. max=0;
Step 3. max=r21=0.13;
Step 4. Stop
The problem of the collinearity was resolved, thus TOPSIS method can be applied.
Phase 4 (for example 2). We applied TOPSIS for three independent criteria C1, In(C2,C3),

In(C4,C5) (weights=1 for all criteria). We noted the results Ini, i= 1.304 . The Pearson coefficients of
correlation were r(In,C1)=0.58, r(In,C2)=0.63, r(In,C3)=0.55, r(In,C4)=0.42 and r(In,C5)=0.42.
Discussion
In example 1 criterion X was not correlated with the other two criteria Y and Z, but Y was
strong correlated with Z. The index result from TOPSIS (Phase4) was more correlated with Y
r(In(X,Y,Z),Y)=0.78 and Z r(In(X,Y,Z),Z)=0.74), than with X r(In(X,Y,Z),X)=0.59. Even if X and
Y were not perfectly correlated they influenced the results.
In example 2 criterion C1 was not correlated with the other four criteria. The index result from
TOPSIS (Phase4) was more correlated with C2-C5 (r(In,C2)=0.51, r(In,C3)=0.56, r(In,C4)=0.69 and
r(In,C5)=-0.71), than with C1 (r(In,C1)=0.21).
After we applied the purposed algorithm the index result from TOPSIS (Phase4) was equal
correlated with all the criteria (for first example r(In(X,In),X)=0.73, r(In(X,In),Y)=0.66 and
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r(In(X,In),Z)=0.64; for second example r(In,C1)=0.58, r(In,C2)=0.63, r(In,C3)=0.55, r(In,C4)=0.42
and r(In,C5)=0.42). Our algorithm fulfilled its purpose in the case of our examples.
Jorge et al. resolved the problem of collinearity by replacing the traditional Euclidian distance to
the ideal solution with malahanobis distance [21]. Monavvarian et al. used analytic network process
to evaluate weights for dependent criteria and applied TOPSIS with these weights [26-27]. The
analytic network process is a general theory in the ratio scale that measures influence, based on a
methodology that deals with dependence and feedback [28]. Liberatore et al. emphasized that
analytic hierarchy process can be applied successfully in the medical field [29].
Tong et al. used principal component analysis to obtain a set of uncorrelated components from
the set of criteria and then applied TOPSIS method to determine the alternative that optimized the
distance to ideal solution [30].
In our study we applied TOPSIS method in a recurrent manner until the coefficients of
correlation were less than 0.25. The disadvantage of our algorithm is that we took the cut-off from
the empirical appreciations (Colton rules [24]) and is not necessary that a correlation less than 0.25
not influence the results of TOPSIS method. This cut-off 0.25 is debatable. It remained for further
study to establish a better way to end the algorithm.
The algorithm can be used for weights different then 1.
The proposed algorithm has a strong empirical justification relying on examples. It remained for
further study to compare the algorithm proposed in this paper with different methods.
Conclusion
The proposed algorithm can solve the problem of multicollinearity between criteria in the
problem of decision making. The purpose of our algorithm was to apply recurrent the TOPSIS
method until the correlations between components are reduced below a threshold.
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TOPSIS = Technique for Order Preference by Similarity to Ideal Solution
Conflict of Interest
The authors declare that they have no conflict of interest.
Acknowledgements
The database for examples 1 and 2 has been gratefully obtained with the help of medical staff
from Center of Diabetes, Nutrition and Metabolic Diseases, Cluj-Napoca, Romania.
The author CB was partly supported by European Social Fund within the Sectorial Operational
Program - Human Resources Development 2007-2013-POSDRU /89/1.5/S/58965.
References
1. Kim K, Kyung T, Kim W, Shin C, Song Y, Lee MY, Lee H, Cho Y. Efficient management
design for swimming exercise treatment. Korean J Physiol Pharmacol 2009;13(6):497-502.
2. Campean R, Baciut G, Baciut M, Ţigan Ş. Pain evaluation in essential trigeminal neuralgia of
essential trigeminal neuralgia treatments. Appl Med Inform 2004;15(3,4):21-5.
3. Istrate D, Tigan S. Multicriteria hierarchical method for the medical ambulatory services
evaluation. Appl Med Inform 2004;14(1,2):71-9.

[

Appl Med Inform 30(1) March/2012

61

Cosmina I. BONDOR and Adriana MUREŞAN

4. Cimoca G, Dollinger R. Specific quantitative and qualitative attributes for medical
ranking/evaluation applications. Appl Med Inform 2001;8(1,2):8-18.
5. Cimoca G. A simple algorithm for comparing hospital units efficiency. Appl Med Inform
2001;8(1-2):3-7.
6. Colosi H, Ţigan Ş. Multiple Criteria Decision Making: An Application Example in
Orthodontics. A&QT-R 2002 IEEE-TTTC International Conference on Automation, Quality
and Testing, Robotics 2002 May;II:504-9.
7. Hong SL, Barton SJ, Rebec GV. Altered Neural and Behavioral Dynamics in Huntington's
Disease: An Entropy Conservation Approach. PLoS One 2012;7(1):e30879.
8. Lee J, McManus D, Chon K. Atrial Fibrillation detection using time-varying coherence
function and Shannon Entropy. Conf Proc IEEE Eng Med Biol Soc. 2011 Aug;2011:4685-8.
9. Vahidnia MH, Alesheikh AA, Alimohammadi A. Hospital site selection using fuzzy AHP and
its derivatives. J Environ Manage 2009;90(10):3048-56.
10. Groşan C, Abraham A, Câmpean R, Tigan Ş. Evolution Strategies for ranking trigeminal
neuralgia treatments. Appl Med Inform 2005;17(3,4):72-8.
11. Groşan C, Abraham A, Tigan Ş, Chang T-G, Kim DH. Evolving neural networks for
pharmaceutical research. International Conference on Hybrid Information Technology
(ICHIT’06), IEEE Press, Korea 2006:13-9.
12. Tigan S, Achimaş A, Coman I, Drugan T, Iacob E: Decizii multifactoriale, Editura SRIMA,
Cluj-Napoca, 2001.
13. Hwang CL, Yoon K. Multiple Attribute Decision Making. New-York: Springer Verlag, BerlinHeidelberg; 1981.
14. Guibal F, Iversen L, Puig L, Strohal R, Williams P. Identifying the biologic closest to the ideal
to treat chronic plaque psoriasis in different clinical scenarios: using a pilot multi-attribute
decision model as a decision-support aid. Curr Med Res Opin 2009;25(12):2835-43.
15. Ferrari MD, Goadsby PJ, Lipton RB, Dodick DW, Cutrer FM, McCrory D, Williams P. The
use of multiattribute decision models in evaluating triptan treatment options in migraine. J
Neurol 2005;252(9):1026-32.
16. Mullen PM. Quantifying priorities in healthcare: transparency or illusion? Health Serv Manage
Res 2004;17(1):47-58.
17. Elstein AS, Chapman GB, Knight SJ. Patients' values and clinical substituted judgments: the
case of localized prostate cancer. Health Psychol 2005;24(4 Suppl):S85-92.
18. Baker J, McKnew M, Gulledge TR Jr, Ringuest JL. An application of multiattribute utility
theory to the planning of emergency medical services. Socioecon Plann Sci 1984;18(4):273-80.
19. Gherman M, Moldoveanu M, Ţigan Ş. Hierarchy of risk factor in bronchial asthma. Appl Med
Inform 2004;14(1,2):35-7.
20. Bondor CI, Marin M, Renoult E, Kessler M, Ţigan Ş. Hierarchy of Risk Factors for Post
Kidney Transplant Diabetes Mellitus. Appl Med Inform 2006;19(3,4):68-82.
21. Jorge L, García A, Gabriel Ibarra M, Lázaro Rico P. Improvement of Topsis Technique
Through Integration of Malahanobis Distance: A Case Study. In: IJIETAP. Proceedings of the
14th Annual International Conference on Industrial Engineering Theory, Applications and
Practice. California: Anaheim; 2009:135-41.
22. Kumar Gauri S, Pal S. Multiresponse optimisation of correlated responses: some analysis and
results. IJEDPO 2009;1(2/3):178-201.
23. Olson DL. Comparison of Weights in Topsis Models. Pergamon Mathematical and Computer
Modelling. 2004 [cited 2012 January]:1-8. Available from: URL: www.elsevier.com/locate/mcm
24. Tigan Ş, Achimaş A, Drugan T, Gălătuş R, Gui D. Informatică şi statistică aplicate în medicină.
1st edition. Cluj-Napoca România:SRIMA; 2000.
25. Bondor CI, Matei D, Mureşan A. OXIDIABASE – Software for Risk Assessment of
Complications in Type 2 Diabetes Mellitus based on Oxidative Stress Score obtain by Topsis
Method. Proceeding of the International Conferences on Risk Management, Assessment and
Mitigation: Bucureşti 2010:374-9.
26. Monavvarian A, Fathi MR, Zarchi MK, Faghih A. Combining ANP with TOPSIS in Selecting
Knowledge Management Strategies (Case Study: Pars Tire Company). Eur J Sci Res

62

Appl Med Inform 30(1) March/2012

Correlated Criteria in Decision Models: Recurrent Application of TOPSIS Method

2011;54(4):538-46.
27. Cheng-Shiung W, Chin-Tsai L, Chuan L. Optimal marketing strategy: A decision making with
ANP and TOPSIS. Int J Prod Econ 2010; 197:190-6.
28. Saaty TL, Vargas LG. Diagnosis with Dependent Symptoms: Bayes Theorem and the Analytic
Hierarchy Process. Operational Research 1998;46(4):491-502.
29. Liberatore MJ, Nydick RL. The analytic hierarchy process in medical and health care decision
making: A literature review. EJOR 2008;189:194-207.
30. Tong L-I, Wang C-H, Chen H-C. Optimization of Multiple Responses Using Principal
Component Analysis and Technique for Order Preference by Similarity to Ideal Solution. Int J
Adv Manuf Technol 2005;27:407-14.

[

Appl Med Inform 30(1) March/2012

63

