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Abstract 

This paper introduces the ordered weighted average inflation (OWAI). The OWAI operator 

aggregates the information of a set of inflations and provides a range of scenarios from the 

minimum and the maximum inflation. The advantage of this approach is that it can provide 

a flexible inflation formula that can be adapted to the specific characteristics of the 

enterprise, region, state or country. Therefore, the novelty of this operator is that experts 

can forecast the information and provide optimistic or pessimistic results of the expected 

average inflation according to the knowledge, aptitude or expectations for the whole 

country or an event that represents a specific sector, market or industry. The paper develops 

several extensions by using the induced, heavy and prioritized aggregation operators. The 

work studies the applicability of the operator to the analysis of Mexican inflation by 

developing some aggregation systems that consider the average inflation of Mexico. 
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1. Introduction 
 

Inflation has been an interest for countries since Friedman’s [1] novel lecture about the 

relationship between inflation and growth and how the uncertainty in the first one can affect 

the second one, arguing that the noise in the price systems that is caused by economic 

institutions and factors reduces the economic efficiency and affects other variables such as 

employment and enterprise performance [2-3]. 

Because of these, policy makers in every country are usually willing to trade some short-

term losses in order to have price stability [4]. Additionally, because of the relation between 

growth and inflation [5-7], many countries have policies that focus on inflation targets that 

can be either intervals or a point target and are usually based on the central bank’s internal 

information [8-9]. In this sense, the formulation for targeting inflation is very important 

[10-11], and the use of a formulation that can include the historical data and the 

expectations will be important. 

Among the aggregation operators, one of the most used and studied ones is the Ordered 

Weighted Average (OWA) operator that was developed by Yager [12]. This operator 

aggregates several inputs that lie between the maximum and minimum operators. 

Additionally, some extensions have been developed [13], such as the induced OWA 

(IOWA) operator [14] that uses induced values that are provided by the decision maker in 

the reordering process between the weights and the arguments instead of the maximum or 

minimum criteria, the heavy OWA (HOWA) operator [15] that instead uses an unbounded 

weighting vector that will help to over- or underestimate the results according to different 

qualitative elements obtained by the decision maker, the prioritized OWA (POWA) 

operator [16] that is very useful when the problem seeks to unify the ideas of different 

decision makers and not everyone has the same importance assigned to the result, among 

other extensions. In recent years, aggregation operators have been applied to different 

economic and financial problems such as stock markets [17], exchange rates [18-19], price 

analysis [20], enterprise risk management [21], government transparency [35] and many 

more.  

The main motivation for studying inflation using aggregation operators is that this 

important economic variable is not the same for every country, and not all countries use the 
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same categories or the same weights, thus making the comparison process difficult. In 

addition, when inflation is published by the Central Banks, this information is based on the 

weights that are determined by them; however, sometimes, this scenario does not reflect the 

specific scenario for the companies. In this sense, the idea of using different weights and 

induced values becomes relevant to understanding the reality of a specific market/sector. 

As can be seen, there is a gap between the information that want to be provided by the 

government and the real inflation that a specific case can have, in this sense, it is possible to 

adequate the results based on the weighting vector, that is because most of the countries 

calculate their inflation based on a weighted average (WA) operator, where they have some 

product/service divisions that are multiplied by a weight according to their importance in 

the specific country. In this sense, the basic idea of inflation can be improved by the OWA 

operator proposed by Yager (1988) and more scenarios can be obtained. 

Most of the countries calculate their inflation based on a weighted average (WA) operator, t 

This paper presents the Ordered Weighted Average Inflation (OWAI) operator. An 

interesting way to calculate and present the inflation is to calculate the maximum and the 

minimum inflation. This idea is important because when inflation is calculated, usually the 

government tends to focus on the items that have higher weights in the formulation and 

then ignore the others with lower importance to the final score. This generates conflicts 

within countries since sometimes purchasing power is lower than the inflation indicates. 

That is why the idea of generating the minimum and the maximum inflation can better 

explain the reality of the country or the sector of the economy that is to be analyzed. 

Additionally, some extensions of the OWAI operator combined with prioritized, induced 

and heavy operators are introduced. This new aggregation operator is called the prioritized 

induced heavy ordered weighted average inflation (PIHOWAI) operator, and this operator 

can be obtained as special cases of the induced heavy ordered weighted average inflation 

(IHOWAI), induced ordered weighted average inflation (IOWAI), heavy ordered weighted 

average nflation (HOWAI), prioritized ordered weighted average inflation (POWAI) and 

OWAI operators. These special cases can be used when the formulation does not need all of 

the information that the PIHOWAI operator needs. In this sense, when the problem is not 

that complex, it is possible to use a more simplified form of the operator. Additionally, it is 

important to note that there are 4 different cases when using the PIHOWAI operator that 
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include the total operator in which the OWA operator and its extension are used in all the 

elements that compose the formula of case 3 where it is only used in the final formula. 

Finally, an example assessing Mexican inflation in 2017 using the PIHOWAI operator with 

three experts was given to provide new ranges of inflation in the country compared with the 

usual formula that is provided by the National Institute of Statistics and Geography (INEGI 

is its acronym in Spanish).  

The remainder of this paper is organized as follows. In section 2, a revision of the basic 

formulations of inflation and the OWA are presented. Section 3 presents the general idea of 

the OWAI operator, the particular case of Mexico and a numerical example. Section 4 

analyzes the inflation in Mexico for 2017 using different aggregation operators, and section 

5 summarizes the main conclusions of the paper. 

2. Preliminaries 
2.1 Inflation formula  

Depending on the country, the inflation formula is different with respect to the elements 

that compose the formula, but, in a general sense, the idea is the same. In the case of 

Mexico, the formulation is as follows [22].2 

Definition 1. In Mexico, the calculation for inflation is as follows:  =  [(0.75)( )] + [(0.25)( ] (1) 

where  is the subjacent inflation3 and  is the nonsubjacent inflation4.  

Definition 2.  is defined as = [(0.47)( )] + [(0.53)( )] (2) 

where  is merchandise inflation and  is the services inflation. =( )(100), and CPI is the consumer price index5. The same formulation applies to 

. 

Definition 3.  is defined as = [(0.37)( )] + [(0.63)( )] (3) 

                                                           
2 The parameter values assigned to  and  are the official ones that are used by the Mexican government.  
3 Subjacent inflation is the concept that refers to the evolution of the prices of a representative basket of 
consumer goods and services from which energy products and unprocessed foods are excluded. 
4 Non-subjacent inflation is the concept that refers to the evolution of the prices of energy products and 
unprocessed foods. 
5 The Consumer Price Index (CPI) is a measure of the average change over time in the prices that are paid by 
urban consumers for a market basket of consumer goods and services. 
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where  is the agricultural inflation and  is the energetics and government inflation. It is 

important to note that = ( )(100), and the same formulation is applied to . 

2.2 OWA operator and its extensions 

A technique that helps to provide new scenarios based on the maximum and the 

minimum operators is the OWA operator [12]. The formulation is as follows: ( , , … , ) = ,                  (4) 

where  is the jth element that is the largest of the collection , , … , . =[ , , … , ] , where  ∈  [0, 1], 1 ≤ ≤  and  

= + + ⋯+ = 1.                 (5) 

In group decision making [36-37], there are cases where the members in the decision 

process do not assign the same weights to the final results. In this sense, some components 

have more impact on the final results than others, and this can be because of the experience, 

hierarchical level and many other quantitative or qualitative aspects. To aggregate the 

information in an optimal way, the prioritized OWA (POWA) operator [16] can be used. 

The formulation is as follows. 

Definition 4. Assume that we have a collection of criteria that are portioned into q distinct 

groups, , , … , , where = { , , … , } denotes the criteria of the ith category 

(i=1,…,q) and  is the number of criteria in the class. Furthermore, we have a 

prioritization between the groups as > > ⋯ > . That is, the criteria in the 

category  have a higher priority than those in  for all <  and , ∈ {1, … , } . 

Denote the total set of criteria as =  and the total number of criteria as =∑ . Additionally, suppose that = { , … , } indicates the set of alternatives. For a 

given alternative x, let ( ) measure the satisfaction of the jth criteria in the ith group by 

alternative ∈  for each = 1, … ,  and  = 1, … , . The formula is as follows: 

( ) = ( ) ,                (6) 



7 
 

where  is the corresponding weight of the jth criteria in the ith category; =1, … , ; and  = 1, … , . 

Another extension of the OWA operator is the induced OWA (IOWA) operator [14]. 

This operator has as the main characteristic that the weights are associated based on 

induced values instead of the maximum or the minimum operator. The formulation is as 

follows: (〈 , 〉, 〈 , 〉, … , 〈 , 〉) = ,  (7) 

where  is the  value of the OWA pair < , > having the jth largest ,  is the 

order-inducing variable, and  is the argument variable.  

The heavy OWA (HOWA) operator [15] is an aggregation operator where the weighting 

vector is unbounded instead of being equal to one (like in the OWA operator case). This 

characteristic helps to under- or overestimate based on the expectations and aptitude of the 

decision maker. The definition is as follows. 

Definition 5. A heavy aggregation operator is an extension of the OWA operator for 

which the sum of the weights is bounded by . Thus, a HOWA operator is a mapping →  that is associated with a weight vector w, where ∈  [0,1]  and 1 ≤∑ ≤ , such that the following holds: 

( , , … , ) = , (8) 

where  is the jth largest element of the collection , , … ,  and the sum of the weights 

 is bounded by n or can be unbounded if the weighting vector  is  −∞ ≤∑ ≤ ∞. 

The prioritized induced heavy OWA (PIHOWA) operator is an aggregation operator that 

can be used in a group decision making process where not all the decision makers are 

equally important, and it uses an unbounded weighting vector and an ordering based on the 

induced values. The formulation is as follows. 
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Definition 6. A PIHOWA operator of dimension n is a mapping :  →  

that has an associated weight vector w of dimension ,  where ∈ [0,1]  and 1 ≤∑ w ≤ n, such that  

(〈 , 〉, 〈 , 〉, … , 〈 , 〉) = ( ),          (9) 

where  is the jth element that has the largest ;  is the induced order of variables;  is 

the corresponding weight of the jth criteria in the ith category; = 1, … , ;  = 1, … , ; 

and ( ) measures the satisfaction of the jth criteria in the ith group by alternative ∈  

for each = 1, … ,  and  = 1, … , . It is important to note that sometimes the weighting 

vector can be measured as −∞ ≤ ∑ w ≤ ∞. 

Some of the particular cases of the PIHOWA operator are as follows: 

1) if = 1/ , the PIHOWA operator becomes the PHOWA operator; 

2) if ∑ w = 1, the PIHOWA operator becomes the PIOWA operator; and 

3) if ( ) = 1/ , the PIHOWA operator becomes the IHOWA operator. 

3. The ordered weighted average inflation  

31. The ordered weighted average inflation 

The use of a combination of inflations with OWA operators will provide a new range of 

results based on the maximum and the minimum operators. These new results can help to 

provide a better understanding of the problem and establish better policies and actions to 

help the general economy of the country. Additionally, the practical advantage of the use of 

the OWA operator to calculate inflation is that it can be adapted to the needs of the 

market/sector/company. For example, usually, if a company wants to know the specific 

inflation rate for the construction sector or the agricultural sector to calculate new prices 

and policies for the company, the traditional inflation formula does not reflect that 

specification, but with the use of aggregation operators such as the OWA operator, a more 

accurate result can be obtained. The main problem that these new formulations try to solve 

is the little flexibility that the traditional formulation has and how it doesn’t represent 

specific cases. As can be seen in formula 1 to 3, there is a specific weight for each 

component in the formulation, but there are cases where some product/service divisions 

will be more important that others and by using the idea of the OWA operator new 
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scenarios based on an specific industry/enterprise/decision makers that will improve the 

decision making process. 

The Ordered Weighted Average Inflation (OWAI) operator that can be used as a base in 

order to be adapted to the specific formulation of each country is as follows. 

Definition 7. The OWAI operator of dimension  is a mapping  : →  with a weight 

vector = [ , … , ] , where  ∈  [0, 1], 1 ≤ ≤  and ∑ = + ⋯+ = 1, 

and it can be defined as ( , , … , ) = ℎ ,                  (10) 

 

where ℎ  is the jth element, which is the largest of the collection , , … , , and each 

element of the collection represents a set of inflation rates that are used in order to obtain 

the average inflation. 

Additionally, by using order induced variables, it is possible to generate the Induced 

Ordered Weighted Average Inflation (IOWAI), and its definition is as follows. 

Definition 8. The IOWAI operator of dimension  is a mapping : × →  that 

has an associated weighting vector W of dimension n, where the sum of the weights is 1, ∈ [0,1], and an induced set of ordering variables is included ( ). The formula is 

(〈 , 〉, … , 〈 , 〉) = ℎ ,                  (11) 

where ℎ  is the  value of the OWA pair < , > having the jth largest .  is the 

order-inducing variable, and  is the inflation set. 

Another extension can be provided by using unbounded vectors. In this sense, the Heavy 

Ordered Weighted Average Inflation (HOWAI) operator is presented. 

Definition 9. The HOWAI operator is a mapping →  that is associated with a weight 

vector w, where ∈  [0,1] and 1 ≤ ∑ ≤ , such that 

( , , … , ) = ℎ ,                  (12) 
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where ℎ  is the jth largest element of the collection , , … ,  and the sum of the weights 

 is bounded by n or can be unbounded if the weighting vector  is  −∞ ≤∑ ≤ ∞. 

In group decision making where not all the members are equally important to the final 

results, the Prioritized Ordered Weighted Average Inflation (POWAI) operator is applied as 

follows. 

Definition 10. Assume that we have a collection of criteria that are portioned into q distinct 

groups, , , … , , where = { , , … , }  denotes the criteria of the eth 

category (e=1,…,q) and  is the number of criteria in the class. Furthermore, we have a 

prioritization between the groups of > > ⋯ > . That is, the criteria in category 

 have higher priority than those in  for all <  and , ∈ {1, … , }. Denote the total 

set of criteria as =  and the total number of criteria as = ∑ . Additionally, 

suppose that = { , … , } indicates the set of alternatives. For a given alternative x, let ( ) measure the satisfaction of the jth criteria in the eth group by alternative ∈  for 

each = 1, … ,  and  = 1, … , . The formula is as follows: 

( , , … , ) = ( ) ,                (13) 

where  is the corresponding weight of the jth criteria in the eth category, =1, … , , and = 1, … , . 

Finally, a combination of the three operators can be constructed in order to be used in 

complex situations. That is, an inflation formula with an aggregation operator that is 

unbounded with induced variables and with a group of decision makers with different 

importances can be used. The Prioritized Induced Heavy Ordered Weighted Average 

Inflation (PIHOWAI) operator is formulated as follows. 

Definition 11. A PIHOWAI operator of dimension n is a mapping :  →  

that has an associated weight vector w of dimension ,  where ∈ [0,1]  and 1 ≤∑ w ≤ n, such that  

(〈 , 〉, 〈 , 〉, … , 〈 , 〉) = ℎ ( ),          (14) 
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where ℎ  is the jth inflation set that has the largest ;  is the induced ordering of 

variables;  is the corresponding weight of the jth criteria in the eth category; =1, … , ;   = 1, … , ; and ( ) measures the satisfaction of the jth criteria in the eth 

group by alternative ∈  for each = 1, … , , = 1, … , . It is important to note that 

sometimes the weighting vector can be measured as −∞ ≤ ∑ w ≤ ∞. 

The PIHOWAI operator has the same special cases as the PIHOWA operator, which are as 

follows. 

1) if = 1/ , the PIHOWAI operator becomes the PHOWAI operator; 

2) if ∑ w = 1, the PIHOWAI operator becomes the PIOWAI operator; and 

3) if ( ) = 1/ , the PIHOWAI operator becomes the IHOWAI operator. 

An interesting fact is that the inflation sets that are used in order to calculate the average 

inflation can vary from country to country. That is why the use of this general formulation 

can be modified in order to be used in a specific country, like with the case of Mexico that 

is presented in section 3.2. 

 

 

3.2 Ordered weighted average inflation operator in Mexico 

In this section, we will provide the different inflation formulas that can be obtained using 

the formulation for Mexico. The main advantage of the application of the following 

operators is that they can be used to reflect the specific inflation for a 

market/sector/company. In this way, they can provide a better understanding of the 

situation and allow for making more accurate changes in sales prices and other internal 

policies than when using the traditional inflation formula. It is important to note that, based 

on the formulation, four different special cases can be formulated. To provide a better 

explanation, the formulations will be provided for the total case, and the other three cases 

will be explained in section 3.3, with a numerical example given in 3.4. Definitions 9 to 13 

are used to present the specific formulations for Mexico that are as follows. 

Definition 12. A Mexico OWAI (MexOWAI) operator of dimension  is a mapping  : →  with a weight vector = [ , … , ] , where  ∈  [0, 1] , 1 ≤ ≤  and ∑ = + ⋯+ = 1, and it can be defined as 
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( , ) = ,                  (15) 

where  is the jth element, which is the largest of the collection , . It is 

important to note that in the formulation, an OWA operator has been used in  and . In 

this sense, the formulations for both are as follows. 

Definition 13. A subjacent OWAI ( ) operator of dimension  is a mapping  : →
 with a weight vector = [ , … , ] , where  ∈  [0, 1] , 1 ≤ ≤  and ∑ =+ ⋯+ = 1, and it can be defined as ( , ) = , (16) 

where  is the jth element, which is the largest of the collection , . In addition, =( )(100). The same formulation applies to . 

Definition 14. A nonsubjacent OWAI ( ) operator of dimension  is a mapping  : →  with a weight vector = [ , … , ] , where  ∈  [0, 1] , 1 ≤ ≤  and ∑ = + ⋯+ = 1, and it can be defined as 

( , ) =  
(17) 

where  is the jth element, which is the largest of the collection , . It is important to 

note that = ( )(100), and the same formulation is applied to . 

Definition 15. Mexico’s IOWAI (MexIOWAI) operator of dimension  is a mapping : × →  that has an associated weighting vector W of dimension n, 

where the sum of the weights is 1, ∈ [0,1], and an induced set of ordering variables is 

included ( ). The formula is (〈 , 〉, 〈 , 〉) = ,                  (18) 

where  is the  value of the OWA pair < , > having the jth largest .  is the 

order-inducing variable, and  is the argument variable for , . 

Definition 16. Mexico’s HOWAI (MexHOWAI) operator is an extension of the OWAI 

operator for which the sum of weights is bounded by . Thus, the MexHOWAI operator is 
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a map →  that is associated with a weight vector w, with ∈  [0,1]  and 1 ≤∑ ≤ , such that 

( , ) = ,                  (19) 

where  is the jth element, which is the largest of the collection , ; and 

the sum of the weights  is bounded by n or can be unbounded if the weighting vector  is  −∞ ≤ ∑ ≤ ∞. 

Definition 17. Mexico’s POWAI (MexPOWAI) operator can be defined if we assume that 

we have a collection of criteria that are portioned into q distinct groups, , , … , , 

where = { , , … , } denotes the criteria of the eth category (e=1,…,q) and  is 

the number of criteria in the class. Furthermore, we have a prioritization between the 

groups of > > ⋯ > . That is, the criteria in category  have a higher priority 

than those in  for all <  and , ∈ {1, … , }. Denote the total set of criteria as =
 and the total number of criteria as = ∑ . Additionally, suppose that ={ , … , } indicates the set of alternatives. For a given alternative x, let ( ) measure 

the satisfaction of the jth criteria in the eth group by alternative  ∈  for each =1, … ,  and  = 1, … , . The formula is as follows: 

( , ) = ( ) ,  (20) 

where  is the corresponding weight of the jth criteria in the eth category; =1, … , , = 1, … , . 

Definition 18. Mexico’s PIHOWAI (MexPIHOWAI) operator of dimension n is a mapping :  →  that has an associated weight vector w of dimension ,  where ∈ [0,1] and 1 ≤ ∑ w ≤ n, such that  

(〈 , 〉, 〈 , 〉) = ( ), (21) 

where  is the  value of the OWA pair < , > having the jth largest .  is the 

order-inducing variable;  is the argument variable for  , ;  is 

the corresponding weight of the jth criteria in the eth category; = 1, … , ;  = 1, … , ; 
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and ( ) measures the satisfaction of the jth criteria in the eth group by alternative ∈  

for each = 1, … , , = 1, … , . It is important to note that sometimes the weighting 

vector can be measured as −∞ ≤ ∑ w ≤ ∞. 

The same particular cases that are explained in Definitions 8 and 13 can applied in this 

case. 

1) if = 1/ , the MexPIHOWAI operator becomes the MexPHOWAI operator; 

2) if ∑ w = 1, the MexPIHOWAI operator becomes the MexPIOWAI operator; and 

3) if ( ) = 1/ , the MexPIHOWAI operator becomes the MexIHOWAI operator. 

It is relevant to note that for the weighting vector, it is possible to use the actual weights 

that are proposed by the INEGI (2018) or it can be changed based on the expectations and 

knowledge of the decision maker. In this sense, the INEGI weighting vector can be 

assumed to be one expert and the use of a different weighting vector based on other 

information (such as the weights that are used in other countries) or a weighting vector 

based on the experience and expertise of the decision maker can be applied. 

 

 

3.3 Special cases for the MexOWAI operator 

As has been explained in section 3.1, it is possible to generate different inflation OWA 

cases based on which elements of the OWA operator are included or not. The formulations 

are as follows (Table 1). 

Table 1. MexOWA operators and the cases 
Operator Total Case 1 Case 2 Case 3 

MexOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexIOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexHOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexIHOWAI Uses:  Uses: Uses:  Uses:  
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 nd  

. 

 nd  

. 

 nd  

. 

 nd . 

MexPOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexPIOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexPHOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

MexPIHOWAI Uses:   nd  

. 

Uses:  nd  

. 

Uses:   nd  

. 

Uses:   nd . 

 

The use of different special cases of the MexOWAI is important because it is possible to 

use different information according to the complexity of the year or the industry that we 

want to analyze. For example, if the enterprise that wants to analyze the inflation has an 

important impact on the nonsubjacent components, then the use of the case 2 operator is 

suggested. Like this, many more examples can be done by understanding that the most 

complex situation is the total operator and the least complex is case 3. The main idea of 

presenting these special cases is that the decision-making process can be improved if more 

scenarios are analyzed and it consider the different decisions that involve inflation such as 

sales, costs, profit margins, salaries and many more. 

Finally, these new formulations can be easily adopted by the decision maker because the 

traditional formulation already has the information needed to apply the reordering step 

between the argument and the weights. In this sense, instead of obtain new information or 

event more data to generate different scenarios and applied other aggregation operators, the 

main benefit of the OWA operator is that the traditional formulation used by many 

countries for calculate inflation is already a weighted average (WA) operator, because of 

that is easy to adjust the formula and obtain different results based on the maximum and 

minimum operator. Also, because of that it is possible to use any of the extensions of the 

OWA operator and not only the ones used in this paper. 
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4. Calculation of Mexico’s inflation from January 2017 – December 2017 

In this section, the procedure to use the OWAI operator and its extensions is explained. The 

idea of using different aggregation operators that include information such as the 

knowledge, expectation, aptitude and expectations of the decision maker instead of the 

traditional formulation is that usually the traditional formulation is a generalization of many 

scenarios, but sometimes the result is not the best scenario for a specific company, decision 

maker or time. In this sense, the use of the OWA operator and its extensions provides 

different scenarios that can be more accurate or related to the decision makers knowledge. 

The steps to using the OWAI operators are detailed as follows. 

Step 1. To visualize the monthly inflation and the annual inflation using the traditional 

formulation, the OWAI operator and its extensions, the data from December 2016 to 

December 2017 is used and presented in Table 2. 

Step 2. In this example, three different experts were interviewed. In this sense, different 

vectors are used to calculate subjacent and non-subjacent inflation. The information is 

presented in Table 36. Additionally, a prioritized vector = (0.35, 0.25, 0.40) is used based 

on their expertise in the field. 

Step 3. The inflation of each CPI is done using ( )(100) , that results are 

presented in Table 4. 

 
 

Table 2. CPI information from December 2016 to December 2017 for Mexico 

Date CPI Merchandise CPI Services CPI 
agricultural 

CPI Energetics and 
government 

12-16 123.53 116.02 136.95 130.73 
01-17 124.68 116.35 135.74 142.45 
02-17 126.06 116.90 134.47 143.29 
03-17 127.04 117.36 137.42 143.15 
04-17 127.80 117.73 139.99 139.69 

                                                           
6 The weights are determined by the experts according to the impacts that they think the elements have in the 
sector where the enterprise works. Other techniques can be used, such as simple additive weighting [28] or the 
ones proposed by [29-31] 



17 
 

05-17 128.42 117.85 141.68 135.75 
06-17 128.82 118.19 142.28 135.58 
07-17 128.97 118.66 145.82 135.03 
08-17 129.58 118.74 148.83 135.94 
09-17 130.01 119.02 148.73 136.91 
10-17 130.29 119.36 145.94 142.59 
11-17 130.73 119.78 147.63 148.64 
12-17 131.15 120.39 150.31 149.61 

 
Table 3. Weights assigned to subjacent and non-subjacent inflation  

Expert Weights for subjacent inflation Weights for non-subjacent inflation 

 = (0.45,0.55)  = (0.50,0.60) = (10,5) 

= (0.40,0.60)  = (0.45,0.65) = (10,5) 

 = (0.60,0.40)  = (0.70,0.40) = (5,10) 

= (0.55,0.45)  = (0.60,0.50) = (5,10) 

 = (0.53,0.47)  = (0.55,0.50) = (10,5) 

= (0.58,0.42)  = (0.60,0.45) = (10,5) 

 
 
 
 
 
 
 
 
 
 
Table 4. Subjacent and nonsubjacent components’ inflation  

Date CPI 
Merchandise CPI Services CPI 

Agricultural 

CPI Energetics 
and 

government 
01-17 0.9278 0.2813 - 0.8827 8.9611 
02-17 1.1050 0.4717 - 0.9389 0.5906 
03-17 0.7765 0.3967 2.1955 - 0.0958 
04-17 0.6045 0.3157 1.8729 - 2.4197 
05-17 0.4794 0.0977 1.2060 - 2.8203 
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06-17 0.3163 0.2939 0.4233 - 0.1210 
07-17 0.1173 0.3993 2.4874 - 0.4099 
08-17 0.4728 0.0633 2.0606 0.6736 
09-17 0.3296 0.2408 - 0.0624 0.7152 
10-17 0.2155 0.2848 - 1.8811 4.1530 
11-17 0.3357 0.3518 1.1611 4.2378 
12-17 0.3231 0.5028 1.8128 0.6533 

 

Step 4. Using the traditional formulas, OWAI operator and its extensions the subjacent and 

nonsubjacent inflation is calculated (See Table 5 and Table 6). It is important to note that in 

this step the different cases of the OWAI operator can be applied (See section 3.3 and Table 

1). 

Step 5. With the results of the subjacent and nonsubjacent inflation presented in Table 5 

and Table 6, the next step is to determine the weights that will be used to calculate the 

monthly inflation. In this case, the weights provided general formulation are used (See 

Definition 1) but also, each expert provided different set of weights according to their 

knowledge and expectations (See Table 7). 

Table 7. Weights assigned to inflation 

Expert Weights for inflation 

 = (0.70,0.30), = (0.70,0.40), = (5,10) 

 = (0.80,0.20), = (0.80,0.30), = (5,10) 

 = (0.60,0.40), = (0.65,0.45), = (5,10) 

 

 

 

 

Table 5. Subjacent inflation 

  Expert 1 Expert 2 
Date Traditional  OWAI   IOWAI   HOWAI   IHOWAI   OWAI   IOWAI   HOWAI   IHOWAI  

01-17 0.5852 0.5722 0.6369 0.6327 0.6973 0.5399 0.6692 0.5680 0.7620 
02-17 0.7694 0.7567 0.8201 0.8356 0.8989 0.7251 0.8517 0.7722 0.9622 
03-17 0.5752 0.5676 0.6056 0.6263 0.6642 0.5486 0.6246 0.5883 0.7022 
04-17 0.4514 0.4456 0.4745 0.4916 0.5205 0.4312 0.4890 0.4628 0.5494 
05-17 0.2771 0.2695 0.3077 0.2983 0.3365 0.2504 0.3267 0.2602 0.3747 
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06-17 0.3045 0.3040 0.3063 0.3345 0.3368 0.3029 0.3074 0.3323 0.3390 
07-17 0.2668 0.2724 0.2442 0.2982 0.2700 0.2865 0.2301 0.3264 0.2418 
08-17 0.2558 0.2476 0.2885 0.2744 0.3153 0.2271 0.3090 0.2334 0.3563 
09-17 0.2825 0.2808 0.2896 0.3093 0.3182 0.2763 0.2941 0.3004 0.3270 
10-17 0.2522 0.2536 0.2467 0.2786 0.2717 0.2571 0.2432 0.2856 0.2648 
11-17 0.3442 0.3446 0.3429 0.3789 0.3773 0.3454 0.3421 0.3805 0.3757 
12-17 0.4183 0.4219 0.4040 0.4632 0.4452 0.4309 0.3950 0.4812 0.4273 

 Expert 3 Prioritized 

Date  OWAI   IOWAI   HOWAI   
IHOWAI  POWAI PIOWAI PHOWAI PIHOWA 

01-17 0.6239 0.5852 0.6509 0.6186 0.5848 0.6243 0.6238 0.6820 
02-17 0.8074 0.7694 0.8436 0.8120 0.7691 0.8077 0.8230 0.8800 
03-17 0.5980 0.5752 0.6254 0.6064 0.5750 0.5982 0.6164 0.6506 
04-17 0.4687 0.4514 0.4903 0.4759 0.4513 0.4689 0.4839 0.5099 
05-17 0.3000 0.2771 0.3125 0.2935 0.2769 0.3002 0.2945 0.3288 
06-17 0.3058 0.3045 0.3209 0.3198 0.3044 0.3058 0.3285 0.3305 
07-17 0.2498 0.2668 0.2642 0.2783 0.2669 0.2497 0.2917 0.2663 
08-17 0.2803 0.2558 0.2917 0.2712 0.2556 0.2805 0.2711 0.3079 
09-17 0.2879 0.2825 0.3017 0.2972 0.2825 0.2879 0.3040 0.3120 
10-17 0.2481 0.2522 0.2609 0.2644 0.2523 0.2480 0.2733 0.2671 
11-17 0.3433 0.3442 0.3605 0.3613 0.3442 0.3433 0.3720 0.3705 
12-17 0.4075 0.4183 0.4291 0.4381 0.4184 0.4075 0.4541 0.4379 

 

 

 

 

 

 

 

 

 

Table 6. Nonsubjacent inflation 

  Expert 1 Expert 2 
Date Traditional  OWAI   IOWAI   HOWAI   IHOWAI   OWAI   IOWAI   HOWAI   IHOWAI  

01-17 5.3189 5.0236 3.0548 5.4275 3.4587 4.5314 3.5470 4.9353 3.9509 
02-17 0.0247 -0.0212 -0.3271 -0.0386 -0.3445 -0.0977 -0.2506 -0.1151 -0.2680 
03-17 0.7520 0.8207 1.2790 0.9257 1.3840 0.9353 1.1644 1.0403 1.2694 
04-17 -0.8314 -0.7027 0.1559 -0.7300 0.1285 -0.4880 -0.0588 -0.5154 -0.0861 
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05-17 -1.3305 -1.2097 -0.4045 -1.2905 -0.4852 -1.0084 -0.6058 -1.0891 -0.6865 
06-17 0.0804 0.0967 0.2056 0.1118 0.2207 0.1239 0.1784 0.1390 0.1935 
07-17 0.6621 0.7491 1.3285 0.8529 1.4324 0.8939 1.1837 0.9978 1.2875 
08-17 1.1868 1.2284 1.5058 1.3651 1.6425 1.2978 1.4364 1.4345 1.5732 
09-17 0.4275 0.4042 0.2486 0.4368 0.2813 0.3653 0.2875 0.3979 0.3202 
10-17 1.9204 1.7393 0.5325 1.8529 0.6461 1.4376 0.8342 1.5512 0.9478 
11-17 3.0994 3.0071 2.3918 3.2771 2.6617 2.8533 2.5456 3.1232 2.8156 
12-17 1.0823 1.1171 1.3490 1.2404 1.4723 1.1751 1.2910 1.2984 1.4143 

 Expert 3 Prioritized 

Date  OWAI   IOWAI   HOWAI   
IHOWAI  POWAI PIOWAI PHOWAI PIHOWA 

01-17 3.2517 4.8267 3.5029 4.9794 4.1918 3.8866 4.5346 4.1900 
02-17 -0.2965 -0.0518 -0.2976 -0.0681 -0.1504 -0.1978 -0.1613 -0.2148 
03-17 1.2332 0.8665 1.2742 0.9305 1.0143 1.0854 1.0937 1.1739 
04-17 0.0700 -0.6168 0.0349 -0.6090 -0.3399 -0.2069 -0.3704 -0.2201 
05-17 -0.4850 -1.1292 -0.5455 -1.1494 -0.8695 -0.7447 -0.9421 -0.8012 
06-17 0.1947 0.1076 0.1995 0.1179 0.1427 0.1596 0.1537 0.1728 
07-17 1.2706 0.8070 1.3080 0.8734 0.9939 1.0837 1.0712 1.1726 
08-17 1.4781 1.2561 1.5395 1.3314 1.3456 1.3886 1.4522 1.5007 
09-17 0.2642 0.3886 0.2844 0.4010 0.3385 0.3143 0.3661 0.3389 
10-17 0.6532 1.6187 0.7402 1.6453 1.2295 1.0424 1.3324 1.1212 
11-17 2.4533 2.9456 2.6037 3.0652 2.7471 2.6518 2.9692 2.8616 
12-17 1.3258 1.1403 1.3817 1.2077 1.2151 1.2510 1.3114 1.3520 

 

Step 6. In this step the calculation of the monthly and annual inflation is done. To do this, 
the traditional formulation, the OWAI operator and its extension are used. The results are 
presented in Table 8. 

 

 

 

 

Table 8. Mexico Inflation for 2017 

  Expert 1 Expert 2 

Date Traditional  OWAI   IOWAI   HOWAI   IHOWAI   OWAI   IOWAI   HOWAI   IHOWAI  

01-17 1.7686 1.9076 2.3294 2.6139 2.7000 1.3382 2.9714 1.9350 3.3893 

02-17 0.5832 0.5234 0.0171 0.5695 0.1184 0.5605 -0.0301 0.5833 0.0742 

03-17 0.6194 0.6435 1.0770 0.8087 1.2345 0.6260 1.0564 0.7827 1.2262 
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04-17 0.1307 0.1011 0.2515 0.0522 0.2982 0.2473 0.0508 0.2156 0.0959 

05-17 -0.1248 -0.1743 -0.1908 -0.3073 -0.2050 -0.0014 -0.4193 -0.1186 -0.4368 

06-17 0.2484 0.2418 0.2358 0.2789 0.2892 0.2671 0.2042 0.3075 0.2565 

07-17 0.3656 0.4154 1.0032 0.5499 1.1107 0.4080 0.9929 0.5605 1.1026 

08-17 0.4885 0.5418 1.1406 0.7381 1.2759 0.4412 1.2110 0.6171 1.3654 

09-17 0.3188 0.3178 0.2609 0.3912 0.3242 0.2941 0.2888 0.3597 0.3542 

10-17 0.6693 0.6993 0.4468 0.9362 0.5610 0.4932 0.7160 0.6938 0.8377 

11-17 1.0330 1.1433 1.7771 1.5761 2.0141 0.8470 2.1049 1.2414 2.3652 

12-17 0.5843 0.6305 1.0655 0.8204 1.2087 0.5797 1.1118 0.7744 1.2596 

Anual 6.6851 6.9913 9.4140 9.0277 10.9298 6.1010 10.2589 7.9525 11.8901 
 Expert 3 Prioritized 

Date  OWAI   IOWAI   HOWAI   IHOWAI   POWAI   PIOWAI   PHOWAI   PIHOWA  

01-17 1.6750 3.1301 1.9994 3.5150 1.6722 2.8102 2.1984 3.1983 
02-17 0.3658 0.2767 0.4145 0.3211 0.4696 0.1091 0.5109 0.1884 
03-17 0.8521 0.7500 0.9799 0.8777 0.7226 0.9411 0.8707 1.0897 
04-17 0.3092 -0.1895 0.3344 -0.1817 0.2209 0.0249 0.2059 0.0557 
05-17 -0.0140 -0.5667 -0.0423 -0.6151 -0.0669 -0.3983 -0.1542 -0.4270 
06-17 0.2614 0.1863 0.2984 0.2205 0.2560 0.2081 0.2939 0.2536 
07-17 0.6581 0.5909 0.7603 0.6929 0.5106 0.8357 0.6367 0.9416 
08-17 0.7594 0.8560 0.8824 0.9875 0.6037 1.0444 0.7656 1.1829 
09-17 0.2784 0.3462 0.3241 0.3944 0.2961 0.3020 0.3565 0.3598 
10-17 0.4101 1.0721 0.5027 1.1884 0.5321 0.7642 0.7022 0.8811 
11-17 1.1873 1.9050 1.4060 2.1550 1.0868 1.9102 1.4244 2.1582 
12-17 0.7748 0.8515 0.9007 0.9822 0.6755 0.9915 0.8410 1.1308 
Anual 7.5178 9.2086 8.7603 10.5380 6.9793 9.5431 8.6519 11.0131 

 

As seen in Table 8, the annual inflation in Mexico depending on the aggregation operator 
that is used can range from 6.1010 for OWAI expert 2 to 11.8901 for IHOWA expert 3. 
This information is important because inflation is an important economic factor for each 
country. In Mexico, it is possible to see that the traditional annual inflation for 2017 of 
6.6851 can change drastically depending on the weights of the components that integrate 
the inflation change and it can go as high as 11.8901. In this sense, it is possible that if the 
formulation that is used in order to calculate the inflation change using the official 
information that the INEGI reports is not accurate, then the general inflation of the country 
could be lower or higher. This information is important for the enterprises, governments, 
investors and people in general because many politics like minimum salaries, for example, 
are based on this information. That is why the introduction of these operators in classical 
economic formulations can provide new scenarios that before could not be addressed and 
doing this allows for better decisions in a country. 
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From the economic point of view, the introduction of these operators is important because 
inflation can be dynamic and different numbers can be obtained based on different criteria. 
Additionally, by doing this exercise, it is possible to better understand the reality of certain 
sectors or regions where inflation is perceived by people to be much higher (or lower) than 
that reported by the Central Bank. This information can improve the public policies and 
decisions that are made by governments and provide a more comprehensive view of the 
situations that are happening. 

Finally, the weighting, induced and prioritized vectors, such as the one’s presented in Table 
3 and Table 7, are an important element because the used of different numbers can 
drastically change the results. In the example provided in this article, a questionnaire has 
been done to each expert asking them about the importance of the elements that compose 
the subjacent and nonsubjacent and another one asking them about the importance of the 
subjacent and nonsubjacent inflation to the monthly inflation.   

As can be seen, in this article we didn’t use any specific technique such as minimal 
variability or disparity approach [29-31] or any other related technique to determine the 
weights but decided to let the experts decided the weights without any restriction. This can 
be one of the main advantages or disadvantages of the technique. For one side, it is possible 
to easily generate different scenarios through the changes in the weighting vector but in 
other hand, is hard to obtain a unified result or even pick one scenario as the best one. In 
this sense, one technique that can be used to get the information from the experts is the 
linguistic representations models [32-33].   

For last, it is important to note that the government has its own weights for calculate 
monthly and annual inflation and in this paper, we present how much the inflation can 
change based on expert’s information. This idea is important because usually the 
information provided by the government is not always the best for the decision-making 
process in enterprises. That is why, using these techniques can provided a better and wider 
view of the reality of the companies 

5. Conclusions 

The objective of the paper is to provide a new formulation in order to calculate the 

important economic variable of inflation. These formulations were made using the ordered 

weighted average (OWA) operator as a base and its extension, the prioritized induced 

heavy ordered weighted average (PIHOWA) operator. The most important characteristics 

of these new formulations are that they can change the weights of the components of the 

subjacent and nonsubjacent inflation formulas and the way that both are integrated in the 

general inflation formula using heavy weighting vectors and induced variables. In addition, 

they can integrate the information that is provided by different experts. 
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In the paper, a particular case for Mexico’s inflation has been analyzed. Additionally, as 

seen in section 3.3, there are some special cases that can be applied if the aggregation 

operators are used in all the elements of the formulation or if they are only used in the 

subjacent or nonsubjacent inflation formulas. This information is important because the 

weights that are associated with each of the components can change monthly or annually 

according to the importance that each one has, and in that way, new inflation scenarios can 

be generated. 

An example of Mexico’s 2017 inflation is also presented. From the results, it is possible to 

see that the inflation can range from 6.1010 to 11.8901 depending on the expert and the 

aggregation operator that it is used, which is different from the 6.6851 that is obtained 

using the traditional formulation. As can be noted, these new inflation scenarios can help to 

generate new political, enterprise and personal decisions because inflation is now a range 

and not a set number, which can provide a better understanding of the economic situation of 

a country. 

For future research, new extensions of the OWA operator [34] can be done using 

Bonferroni Means [23-24], multicriteria decision making [25-27] and applications in other 

areas such as statistics, mathematics, economics, finance, innovation and any other related 

field.  
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