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Abstract

A comparison is made between the most commonly used decision-making method (AHP),
and two methods developed by the authors (APM and CSM). It is shown that the newly
developed methods do not change the correlations and types of inequalities between the
global priorities of the aternatives when the number of alternatives changes. This
differentiates them from the AHP, which does change them. Also, unlike the AHP, which
uses pair comparison matrices of criteria relative to goas and aternatives, the developed
methods use the creation of pair-comparison matrices of criteriarelative to alternatives and of
alternatives relative to criteria. In order to obtain a result, it is enough to perform an expert
analysis of all the aternatives and one criteria, or otherwise of al the criteria and one
aternative. The other pair-comparison matrices are obtained either from the conditions of
inverse symmetric matrices, or from the proportionality of weight correlations. The results of
the developed methods fully coincide.
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1. Introduction

Presently, problems of multi-criterion choice have a central place in decision-making theory
and practice. Taking into account multiple criteria allows us to better approximate situations
with our model solutions — a choice of an option/aternative that, in the opinion of experts,
most effectively meets all required goals. This makes the study and comparison of
decision-making methods very important.

There are three main problems in any decision-making process. the differentiation between
optiong/alternatives, the classification of these optiong/alternatives and the choice of the best
option/alternative.

Many people and organizations are faced every day with problems great and small —
everything from the choice of the best candidate for a job position to the choice of how best
to perform agrarian reform. These problems are aso routinely dealt with in the spheres of
politics and the military: places there the number of choices/alternatives is comparatively
small, but where the choices/aternatives are themselves incredibly complex. To solve these
problems, a wide array of methods is used: the ELECTRE method group; the Podinovsky
method; the method of calculation of compromise curves; the Joffrion-Dyer-Feinberg method;
the Zeitsman-Vallenius procedure; the Shtoyer method; the STEM method (STEpMethod);
methods that use points and curves in visuaization; methods of random searching;
evolutionary methods; the Analytic Hierarchy Process (AHP) and others.

The most widespread and commonly used method of the choice of an optimal solution based
on multiple criteria in the absence of an objective measurement scale is the AHP (Analytic
Hierarchy Process). The AHP theory is widely used in many spheres of economics, industry,
and in planning everything from individual businessesto entire areas of production.

One of the most serious downsides of the AHP method is that during the change of the
number of options/alternatives or criteria, it is possible that there may occur a change in the
global priorities of the options/aternatives and criteria. In any case, the ratios between the
global priorities will change, which makes it difficult to distribute finances and types of
workloads when utilizing several optiong/alternatives when attempting to reach a given goal.

2. Formulation of the problem

The goal of the present article is the comparison of the AHP with two decision-making
methods developed by the authors: the method of the analytical procedure of structurization
of a set of alternatives and criteria (APM — analytical procedure method) and the criterion
method of analytical stochastic procedures (CSM — criterion stochastic method). These
methods, unlike the AHP, do not change the correlation between the global weights of the
alternatives and criteria when the number of these alternatives and criteria change.

Let' start the comparison by applying these methods to a simple example: we have two
alternatives A; and A,, and three criteria K;, K, and K;. We will then continue our
analysis by adding athird alternative A;.
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3. Results of the AHP application
3.1 Example — two alternatives and three criteria

Let's start with the AHP. The pair comparison matrices of the criteria K;, K, and Kj;
relative to the goal and the pair-comparison matrices of the alternatives A; and A, relative
to the criteria are presented in the Tables 1-4:

Table 1. Table of pair comparison of criteria Table 2. Table of par comparison of

in relation to the goal alternativesin relation to the criterion K;
God K, K, K vV, K, A, A, V(Ky)

K |1 34 |32 |13 A4, |1 2 2/3

K, |43 |1 2 4/9 A, |12 1 1/3

K; |23 |12 |1 219
Table 3. Table of par comparison of Table 4. Table of pair comparison of
alternatives in relation to the criterion K, alternatives in relation to the criterion Kj

K Ay A, V(K>) K3 Ay A, V(Ks)

Aq 1 12 1/3 Ay 1 3/2 3/5

A, 2 1 2/3 A, 2/3 1 2/5

We remind the reader that each line contains the expert comparison of the ratio (weight) of
the first structural unit relative to the other ones. This procedure is repeated in each line. Note

that the tables correspond to inverse symmetric matrices (A = {ai j}, i,j = 1,n), asin, their

elements fulfill the following condition:

a;; =— )

aji

Here a;; is the matrix element (i — line number, j — column number, both in the matrix

and in the corresponding matrix). The eigenvector V(K) of the pair comparison matrix
relativeto K (thelast column of the table) is defined by the following formula:

V(K,) = 220U @)

ij=14ij

A qualitative measurement scale is in use. This scale is written in the following way: equal
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importance is 1:1, weak advantage is 3:1, average advantage is 5:1, significant advantage is
7:1, absolute advantage is 9:1 (2,4,6 and 8 are intermediate values of advantages).

The global priorities of the alternative A; and A, are defined by the products of two

matrices: one is a matrix whose columns are the eigenvectors V(K;), and the other is just the

0
Y

From (3), it follows that the alternative A; is better-suited to the task at hand than A,.

vector-column V:

68
= <> W(A) = =>W(dy) ===

W(A) = V(K) *V; = B 5 g

WlRm wlN
WIN W]k
vl Ul W

O | N O

3.2 Example — three alternatives and three criteria

Let’sadd the alternative As. Inthis case, the Tables 2-4 are transformed into the Tables 5-7.

Table 5. Table of pair comparison of Table 6. Table of pair comparison of
alternatives in relation to the criterion K; alternativesin relation to the criterion K,

Ky Ay A Az V(K,) K, Ay A Az V(K3)
4 |1 2 2 1/2 4 |1 172 |1 1/4
4, |12 |1 1 1/4 4, |2 1 2 1/2
4, |12 |1 1 1/4 4, |1 172 |1 1/4

Table 7. Table of pair comparison of Table 8. Pair comparison matrix of criteria
aternativesin relation to the criterion Kj relative to the alternative A,

Ke | A4, | 4, | 4 | V(Ks) 4 | K | K | K | V(4
4 |1 32 |35 |3/10 K, |1 3 2 6/11
4, |23 |1 2/5 | 1/5 K, |13 |1 2/3 | 2111
A; |53 |52 |1 1/2 K, |12 |32 |1 3/11

In this case, the global priorities of the alternatives A;, A, and A; are equa to the
following:
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11 3 1 31
2 4 10 3 90
11 1 4 7 0.34
WA =VEK)*V;=|- = = |*|=|=|=—=1|=1035),
4 2 5 9 20 031
\1 1 1/ \2/ \11/ :
4 4 2 9 36

_3 -7
W(A) = 50 W(A,) = >0 @
The use of the AHP in the decision-making process has led, after an increase in the number of
alternatives, to a change of their initial priorities (A; and A,).

4. Characteristics of the APM and CSM

Let's see how the APM and CSM behave when applied to the decision-making process.
Unlike the AHP (pair comparison of criteriarelative to a goal), the methods devel oped by the
authors include the construction of pair-comparison matrices of alternatives relative to
criteria. In our opinion, these comparisons are more objective than pair-comparisons of
criteria relative to a goal. In the developed methods, it is enough to use either al of the
criteria and any one alternative, or otherwise to use all alternatives and any criterion. The
other tables are reconstructed either from the characteristics of inverse symmetric matrices
(as in the APM) or from the proportionality of weight correlations (as in CSM). In order to
compare these methods with the AHP, we will use, in these methods, three criteria and one
aternative (recall that by “alternative” we mean “option”).

5. Results of the APM application
5.1 Example — two alternatives and three criteria

Let'sfirst look at the APM. We will take the same three criteria and the alternative that the
experts are in the best agreement on (for instance A;). To the three Tables 2-4 we will add
pair comparisons of criteriarelative to the alternative A;.

We fill the complex table with help from the data present in the Tables 2-4 and 8. Here, x;;
are the relative weights of the alternatives and criteria that are determined in the “weighing”
process by experts (Table 9).

We then turn the complex table into an ideal inverse symmetric matrix, and then calculate the
relative priorities (column V) (Table 10).
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Table9. Complex table (i = 2,j = 3) Table 10. Final complex table (i = 2,j = 3).
X11 | X12 | X13 | X21 | X22 | X23 X11 | X12 | X13 | X21 | X22 | X23 | V
x11 |1 3 2 x11 |1 3 2 2 3213 |3/10
X1, [ U3 |1 2/3 12 X1, | U3 |1 213 |23 |12 |1 110
x13 |2 |32 |1 3/2 X3 | U232 |1 1 34 | 3/2 | 3/20
Xy | 12 1 X1 | U232 |1 1 3/4 | 3/2 | 3/20
X2 2 1 Xop | 23 | 2 4/3 |4/3 |1 2 1/5
X23 2/3 1 X3 | U3 |1 213 |23 |12 |1 110

The criteria table defines the global priorities of the alternatives and criteria — the sum of the
valuesin the lines and columns respectively. Using V, wefill thelines A; and A,.

Table 11. Criteriatable.

Ky K, K3 w(4)
A 3/10 1/10 3/20 11/20
A, 3/20 1/5 1/10 9/20
W (K) 9/20 3/10 1/4 1

The global priorities of the alternatives A; and A, fulfil the following inequality:

WA =35 > WAy = 5 -

5.2 Example — three alternatives and three criteria

We now add the alternative A; and fill the complex table with the help of data from the
Tables 5-8 (Table 12).

As before, we then turn the complex table into an ideal inverse symmetric matrix, and then
calculate the relative priorities (column V) (Table 13).
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Table 12. Complex table (i = 3,j = 3) Table 13. Final complex table (i = 3,j = 3)
X11 | X12 | X21 | X22 | X31 | X32 X11 | X12 | X21 | X22 | X31 | X32 | V
x11 |1 6 3/4 x11 |1 1 |6 |3/4|34|6 /5
X12 1 3/4 6 X2 | 1 1 |6 |3/4|34|6 /5
Xy, | 1/6 1 18 | 1/8 X |16 |16 |1 8 |18 |1 1/30
X2 4/3 | 8 1 8 Xop | 413 1413 |8 1 1 |8 |4/15
X371 | 43 8 1 X31 | 413 1413 |8 1 1 |8 |4/15
X3 1/6 1/8 1 Xs, |16 |16 |1 8 |18 |1 1/30

We then construct the criteria table and calculate the global priorities of the alternatives and
criteria

Table 14. Criteriatable

K, K, K, W(4)
A, 1/5 1/15 1/10 11/30
A, 1/10 2/15 1/15 3/10
As 1/10 1/15 1/6 13
W (K) 2/5 4/15 13 1

W(A) =5 > W(d) == ©

From (6), it follows that the initial correlations between the priorities of the aternatives A,
and A, (as well as the sign of the inequality between them) did not change, unlike in the
AHP.

6. Results of the CSM application
6.1 Example — two alternatives and three criteria

Let’s move on to the CSM. From the Tables 2-4, 8, utilizing the proportions of the weight
correlations, we reconstruct the pair comparisons of the criteriarelative to
A,, and find the vector V(A,):
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Table 15. Pair comparison matrix of criteriarelative to the alternative A,

\ Macrothink Research in Applied Economics

A, K, K, K3 V(4,)
K, 1 3/4 32 1/3
K, 4/3 1 2 4/9
K, 2/3 1/2 1 2/9

We then find the transposed matrices C(A) and C(K), which are defined through V(A4) and
V(K) inthefollowing way:

2 1
6 2 3\ [3 3 57 68
11 11 11 12 165 165
CAO=VID«VTE) =7 | 3 |* 3 31T es 67 (")
3 9 9 3 2 135 135
5 5

2 1 4780 76
3 3\ 6 2 3 99 297 297\
CEK)=VTE) « VT =3 [V )= % 3 5| (8
3 2 / s 05 9) \zo 1
5 5 165 495 99
From the system of equations
{W(A) =W(A) * C(A)
iaw(a) =1
9)
We obtain the following values of the global priorities of the alternatives:
w4) = (wa),w(a) = (5.=)
(10)
Meanwhile, from the system of equations
{W(K) = W(K) * C(K)
awlk) =1
(11)
We obtain the values of the global priorities of the criteria:
W(K) = (wik), wlko), wlks)) = (5, 2,3)
(12)
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We add the alternative A5. From the Tables 5-8, we find the vector V(A45):

Table 16. Pair comparison matrix of criteriarelativeto the alternative A;

Az K, K, K3 V(43)
K, 1 3/2 3/5 3/10

K, 2/3 1 2/5 1/5

K, 5/3 5/2 1 1/2

Using the values in the Tables 5-8, 15, 16, we find the matrices C(A) and C(K):

6 2 3 1 1 1 2 31 7
11 11 11 2 4 4 5 110 22
1 4 2 1 1 1 31 7 11
CH=VIDxVTK) =< - Z|*|> 5 -|=1z = = 13
( ) ( ) ( ) 3 9 9 4 2 4 90 20 36 ( )
3 1 1 3 1 1 7 11 3
10 5 2 10 5 2 20 40 8
1 1 1 6 2 3 569 499 251
2 4 4 11 11 11 1320 1980 792
1 1 1 1 4 2 499 629 241
CERY=VIE) =V =|7 5 71*l 3 5 51| 52 580 792 (14)
4 2 4 3 9 9 1320 1980 792
3 1 1 3 1 1 251 241 149
10 5 2 10 5 2 660 990 396

From the system of equations (9) (i = 1,3) we obtain the following values of the global
aternatives:

W(A) = (w(ay), w(ay),w(az)) = (%Tsog)

(15)

From the system of equations (11), we obtain the following values of the global priorities of
the criteria

W) = (W) k), wiks)) = (2,,2)

(16)

7. Conclusion

The comparison of the APM and the CSM show a complete correspondence between the
results. The change of the number of alternatives does not change the correlation of their
initial global priorities, nor doesit change the type of inequality between them. The use of the
AHP, as we have seen, can lead to a change of the global priorities of the alternatives. The
APM and the CSM (in our opinion) use more objective methods, based on the information
base of these objects. In the AHP, the pair comparisons of the criteriarelative to agoal have a
more emotiona nature. The APM and the CSM, in the construction of the pair comparison
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matrices, use similar methods. the characteristics of inverse symmetrica matrices and the
proportionality of weight correlations, respectively. In order to determine the global priorities
of the alternatives and criteria, it is enough to use all of the pair comparisons by criteria and
one aternative or, otherwise, to use al of the pair comparisons by the alternatives and one
criterion. Choices are made based on agreement between experts. It should be noted that the
proposed CSM increases the number of pair comparison matrices between the aternatives
and criteria, but their construction (in our opinion) is much simpler than procedures related to
the reconstruction of an ideal symmetrical matrix.

In conclusion, we would like to reiterate that the AHP is one of the most widespread methods
of solving awide range of multicriterion optimization problems. The method and its practical
applications can be found in many publications — reviews, monographs and scientific articles.
Meanwhile, several scientific journals have discussions about its advantages and
disadvantages (“Omega’, “Management Science” and others).

Saati had success in introducing the AHP to people who are not familiar with multicriterion
decision —support systems, and who depend solely on expert opinions and their own intuition.

The AHP is presented as a method of gquantitative measurement in the comparison scale, and
has already been realized in a many computerized decision-support systems, such as Expert
Choice.

An unresolved issue in the AHP is the fact that when the number of alternatives or criteria
changes, the method can lead to the change of the solution of the problem.

On that note, we would like to remind the reader that the methods proposed in this article do
not have this downside: when the number of alternatives or criteria changes, the global
priorities of the aternatives or criteria do not change (as well as their correlations). Therefore
the solution of the problem does not change either. Problems analysed by this method include
performance based budgeting implementation, performance oriented budgeting, performance
based program budgeting and others.

Therefore, based on the methods analysed in the article, computerized decision-support
systems can be constructed that leave the global priorities of the alternatives unchanged (as
well astheir correlations). This defines the direction of future studiesin this area.

References

Anich, I., & Larichev, O.l. (1996). ELECTRA method and the problem of non-cyclic
relations between alternatives. Avtomatika i telemekhanika, 8, 108-118.

Buede D.M. (1992). Software review: three packages for AHP: Criterium, Expert Choice,
and HIPRE 3+. Journal of multi-criteria decision analysis, 1, 119-121.
http://dx.doi.org/10.1002/mcda.4020010207

Gorbunov, V. M. (2010). Decison making theory. Tomsk: National Research Tomsk
Polytechnic University.

26 www.macrothink.org/rae



\ Macrothink Research in Aplplied Ej-garéo%cg
= ™ SSN
A I“StltUte 2014, Vol. 6, No. 3

Kuznichenko, V. M. (2010). Analytical procedure of structurization of a set of alternatives
and criteria. Visnuk National Technical University «Kharkiv Polytechnic institute».
Technical progress and efficiency of production, 59, 81 — 87.

Kuznichenko, V. M., & Lapshin, V. I. (2013). Application of the criteria method of the
anaytic stochastic procedure during the choice of execution tenders. Science and
Education a New Dimension: Humanities and Social Science, 12, 154 — 157.

Kuznichenko, V. M., & Lapshin, V. I. (2014). Decision making methods based on pair
comparison: solving problems in choice theory and making decisions based on pair
comparison in the presence of multiple criteria. Saarbriicken: Palmarium academic
publishing.

Lapshyn, V. I., Kuznichenko, V. M., & Stecenko, T. V. (2013). Criterion method of analytic
stochastic procedure of decision-making support. Biznes Inform, 426(7), 80-84.

Larichev, O. |. (2002). Theory and methods of decision making, and also the chronicle of
events in magic countries. Textbook (2nd ed.). Moscow: Logos.

Lotov, A. V., & Pospelova, I. |. (2008). Multicriterion decision making problems. Moscow:
MAKS Press.

Ossadnik W., & Lange O. (1999). AHP-based evaluation of AHP-software. European journal
of operational research, 118, 578-588.
http://dx.doi.org/10.1016/S0377-2217(98)00321- X

Podinovskiy, V. V., & Nogin, V. D. (1982). Pareto-optimal solutions of multicriterion
problems. Moscow: Nauka.

Podinovskiy, V. V., & Podinovskaya, O. V. (2011). On the incorrectness of the analytic
hierarchy process. Problemy upravieniya, 1, 8-13.

Saati, T. L. (1989). Decision making: the analytic hierarchy process. Moscow: Radio i sviaz.

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

27 www.macrothink.org/rae



