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Abstract

Objectives: This article shows the application of the Analytical Hierarchical Process to select conveyance in a company that
distributes Cement Blocks. Methodology: The Analytical Hierarchical Process was applied taking into account the criteria,
Variable Cost, Service, Capacity and Reliability, and conveyance that fit the characteristics of the municipality and the
company. Findings: The Process, which allowed to evaluate these criteria and based on these determine the prioritization
of the alternatives and the selection of the most efficient method according to the selected criteria. Application /
Improvements: The Analytical Hierarchical Process (AHP) is a tool which allows supporting Decision Making, by analysing
multiple criteria and depending on their relationship, obtaining a hierarchy in the alternatives, being the one with the

greatest impact or hierarchy the decision to choose.
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1. Introduction

Decision making is a fundamental part of the business
world; in an increasingly competitive world, where stra-
tegic and tactical decisions in an organization can define
its survival and positioning in a global market like today.
When we face a process of decision making or alterna-
tives selection, we must bear in mind that this decision
is subject to various criteria or objectives; a feature that
increases the complexity of the selection processes, gen-
erating tools that manage to involve each and every one
of the evaluated criteria allowing selecting that alternative
with the greatest impact on the organization.

The Analytical Hierarchical Process (AHP) is a tool,
which allows decision making to be supported, by analys-
ing multiple criteria and depending on their relationship,
obtaining a hierarchy in the alternatives, with the deci-
sion having the highest impact or hierarchy to choose.
This tool, due to its simplicity and clarity, allows it to be
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chosen as a methodology for decision making in small
and medium-sized companies, thus achieving better stra-
tegic and tactical decisions. The present article describes
the methodology used for the decision making of a con-
veyance for a concrete blockdistribution company at
the municipal level, based on the Hierarchical Analysis
Process, for its development an application was created in
Excel allowing to automate the calculations and standard-
ize the decision making process.

2. Materials and Methods
2.1 The Hierarchical Analysis Process (AHP)

AHP uses the principle of hierarchical composition, orig-
inating priorities in the criteria, and from these, obtain
priorities that will allow choosing the alternatives of bet-
ter weighting or ranking'. In? AHP deals directly with
ordered importance pairs of priorities, preference or
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probability of elements pairs based on a common attri-
bute or criterion represented in the decision hierarchy.
We believe that this is the natural (but refined) method
that people followed in making decisions long before util-
ity functions were developed and before the AHP was for-
mally developed. AHP makes it possible to make group
decisions by adding opinions, in such a way that it satis-
fies the reciprocal relationship when comparing two ele-
ments. Then take the geometric opinions average. When
the group consists of experts, each one elaborates its own
hierarchy, and the AHP combines the results with the
geometric average.

2.2 Methodological Scheme of the AHP

One of the most relevant parts of the AHP is the struc-
turing of the hierarchy of the problem, a stage in which
the problem is broken down into its relevant components.
The AHP elementary hierarchy is made up of: the identi-
fication of the problem, the establishment of the objective
or goal, the identification of the criteria and the alterna-
tives®®, as shown in Figure 1.

OBJECTIVES

CRITERIA

SUB-CRITERIA

=]

ALTERNATIVES

Figure 1. Hierarchical model for decision making.

2.2.1 Problem Identification

It is the situation that you want to solve by selecting one
of the available alternatives or the prioritization (ranking)
of them.

2.2.2 Objective Definition

A goal is an identified address to improve an exist-
ing situation. The objective is at an independent level
and the other elements of the hierarchy that will be the
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sub-objectives or criteria, sub-criteria and alternatives
point to the achievement of the same.

2.2.3 Criteria Identification

These are the relevant dimensions that significantly affect
the objectives and must express the preferences of those
involved in the decision making process.

2.2.4 Alternatives Identification

They correspond to feasible proposals through which the
general objective can be achieved. Each of the alternatives
presents features with pros and cons.

Once the elementary hierarchy process has been car-
ried out, the model is evaluated, within which a set of
matrices comparison is constructed in pairs, where each
higher level element (Criteria) is compared with the lower
level elements (Alternatives), that means, the alterna-
tives are compared with each other, taking into account
the criteria” ®; this process allows the establishment of
the Relative Priorities. Once the comparison is made, we
continue with the evaluation of the Hierarchical Model,
whose evaluation is followed as®”.

a. Establish Priorities: By making the aforementioned
comparison, the relative importance of the established
Hierarchical Model parts is determined.

b. Issuing Judgments and Evaluations: Judgments are the
basis of the process carried out by AHP. These Trials
must be guided by scientific and technical information
and the evaluator’s expertise.

Table 1 presents the Saaty scale> ! that allows measur-
ing the judgments issued by the evaluators. The emis-
sion of judgments consists in comparing in pairs the
elements of each level (previously defined), where each
element belonging to a level has a hierarchy. This com-
parison is made between the different levels contem-
plated in Figure 1 and the influence that exists between
its elements (Upper Level - Lower Level). Once all com-
parisons have been made, the final result issued by the
evaluator is obtained; that means, a priority ordering
of alternatives is made, which arises from components
comparisons of the hierarchical model, carried out by
the evaluator.
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Table 1. Scale of saaty creator of the AHP
Numerical Scale | Verbal Scale Explanation
. Both elements contribute to the property in the same
1.0 Both elements are of equal importance. way. property
. Experience and judgment favour one element over
3.0 Moderate importance of one element over another b Jucs
another.
5.0 Strong importance of one element over another. One element is strongly favoured.
7.0 Very strong importance of one element over another. | One element is very strongly dominant.
. An element is favoured, at least with an order of
9.0 Extreme importance of one element over another. . .
magnitude of difference.
2.0,4.0,6.0,8.0 | Intermediate values between two adjacent judgments. | Used as consensus values between two judgments.
. Intermediate values in the finest graduation of 0.1 . .
0.1 increments vau . & Used for finer judgments graduations.
(For example 5.2 is a valid entry).

3. Results

For the development of the proposal we used the
Hierarchical Analysis Process established by Saaty',
designed to solve complex multiple criteria problems.
Method that consists in the realization of paired com-
parisons of previously established criteria being these, the
dimensions that significantly affect the objectives, where
the preferences of those involved in the decision making
are indicated'>'> !, these criteria must be Include quanti-
tative and qualitative aspects.

For the application of the Hierarchical Analysis
method, a comparison matrix of paired criteria was
designed, allowing comparing each one of the criteria
with the others; subsequently, the assessment of impor-
tance relative of the criteria was carried out, and based
on these assessments, a ranking of alternatives was estab-
lished according to the assessments made.

The concrete block Production Company seeks to
select a transport method for its product; for this, four
selection criteria and four alternatives shown in Figure 2
were defined.

The selected criteria were defined as follows:

o Variable Cost (U / kg): The variable cost was
associated to the unit by weight (given in kilo-
grams), referring to the variable costs associated
with the transportation of each unit, taking into
account the average route, the fuel consumption,
the equipment and labour depreciation.
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CHOICE OF TRANSPORTATION METHOD FOR DISTRIBUTION

Objective
Criteria

Alternatives

Figure 2. Selection hierarchy of a transport method.

 Service: The service was defined as the ability to
respond in the shortest time possible to market
demands.

« Capacity: The capacity refers to the number of
units (Weight) that can be transported by each
conveyance evaluated.

« Reliability: The Reliability of transport con-
sidered the market road infrastructure to
which the product is directed and the main-
tenance associated with the failure rate of the
equipment that is subjected to long working
hours.

From criteria and alternatives definition, applying the
Saaty methodology, comparison matrices were calculated
by criteria taking into account Table 1, and whose results
are detailed in Table 2.
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Table 2. Criteria and alternatives for conveyance selection of concrete blocks

Criteria Alternatives variable Cost U/km Fast Service Capacity | Transportation Reliability
Car $ 80,35 30 50 50

Moto Trailer $ 118,68 50 80 80

Mini truck $ 453,72 80 200 100

Truck $ 413,98 70 100 100

Once the criteria have been defined, a peer analysis is Table 4. Evaluation matrix criterion 2

carried out, compafmg. e;?ch onej of the alternatives w1Fh CRITERIA 2 - | Fast Service
each one of the criteria in a wide range. As shown in Car | Moto Trailer | Mici Track | Track
Table 3, the Variable Cost criterion (Cost Variable U / ar | Moto Tratler | Mini Truc rac
Km) is evaluated with conveyance respect, in which a Car 1 1/5 1/3 2
value of 2 indicates that between Car and Motor-Trailer Moto Trailer |5 1 4 6
conveyance exists a relationship between equal and Mini Truck 3 1/4 1 3
moderate; likewise, the value 7 indicates that the Moto- Truck 12 | 1/6 1/3 1
Trailer is very strongly preferred than Truck. The values
1/2, 1/4, 1/3 and 1/7 correspond to the inverses, show-
ing that the comparison is made in both directions; this Table 5. Evaluation matrix criterion 3
explains why in the diagonal it is valued with 1; this eval- CRITERIA 3 : | Capacity
uation is due to the factor comparison against it. This Car | Moto Trailer | Mini Truck | Truck
procedure is applied in each criterion with the results Car 1 1/3 1/7 1/9
shown in Tablles 4-6. b he ref Moto Trailer |3 1 1/3 1/6
.rom eva ur?ltlo.n matrices by crlt?rlon the reterence Mini Truck - 3 1 /4
matrix of the criteria emerges, shown in Table 7, where all .
the matrices of the assessed criteria are unified. Truc o 6 4 !
Table 3. Evaluati trix criterion 1
e Va uaton marrx crierion Table 6. Evaluation matrix criterion 4
CRITERIA 1 : | Variable Cost U/km CRITERIA 4 : | Transportation Reliability
Car | Moto Trailer | Mini Truck | Truck Car | Moto Trailer | Mini Truck | Truck
Car 1 2 4 4 Car 1 1/6 1/9 1/9
Moto-Trailer | 1/2 1 3 7 Moto Trailer |6 1 1/2 1/3
Mini-Truck 1/4 1/3 1 2 Mini Truck 9 2 1 1
Truck /4 |17 1/2 1 Truck 9 |3 1 1
Table 7. Criteria reference matrix
Variable Cost U/km Fast Service Capacity Transportation Reliability
Variable Cost U/km 1 5 3 4
Fast Service 1/5 1 3 2
Capacity 1/3 1/3 1 1/3
Transportation Reliability 1/4 1/2 3 1
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Once the evaluation matrices were constructed by
criteria, each criterion was normalized by calculating
the priority vector and the consistency quotient. For the
aforementioned calculation, the procedure was as follows:

3.1 Normalized Matrix Calculation by
Criterion

The normalized matrix calculation for each criteria,
shown in Table 8, was developed by dividing each column
number of the criteria evaluation matrix by the total sum
of the same column. This procedure of normalization by
criteria seeks to assign weights to each criterion; there-
fore, for each criteria the same procedure was performed.

3.2 Priority Vector Calculation by Criteria

It is the each row average of the normalized matrix; Table 8
shows the priority vector calculation of the priority of

Table 8. Normalized matrix criterion 1

Criterion 1. Following the same procedure, the calcula-
tion was performed for the remaining criteria.

3.3 Consistency Calculation

Consistency is determined through the consistency ratio
(CR); according to Saaty, a CR below 0.1 is considered
acceptable and for cases where it is higher, the assessment
of the judgments issued must be reconsidered. To calcu-
late the CR shown in Table 9, the quotient between the
Consistency Index (CI) and the Random Index was per-
formed. The Saaty proposal in Table 10 must be taken into
account to calculate the Random Index. Once the nor-
malized matrix by criteria was calculated, it was unified,
following the same standardization criterion in order to
find the priority vector of the criteria shown in Table 11,
vector necessary to find the global prioritization of the
alternatives.

CRITERIA 1 Variable Cost U/km

Car | Moto Trailer | Mini Truck | Truck | Priority Criteria Vector: | Variable Cost U/km | CI = 0,0482340
Car 1/2 42/73 8/17 2/7 | Car 0,457911 RI=0,90
Moto-Trailer 1/4 21/73 6/17 1/2 | Moto-Trailer 0,347653
Mini-Truck 1/8 7173 2/17 1/7 | Mini-Truck 0,120349
Truck 1/8 3/73 1/17 1/14 | Truck 0,074087 CR =0,0535933
Table 9. Consistency indexes by criteria
Criteria Consistency Index (CI) Random Index (RI) Consistency Ratio (CR)
Variable Cost U/km 0,0482340 0,0535933
Fast Service 0,0424855 0,0472061
Capacity 0,0495020 0.0 0,0550022
Transportation Reliability 0,0153198 0,0170219

Table 10. Random index value according to the Alternatives number

Coefficient of consistency
Number of alternatives Randomindex

m RI

3 0,58
4 0,90
5 1,12
6 1,24
7 1,32
8 1,41
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Table 11.  Unified criteria matrix

Variable Cost U/km | Fast Service | Capacity | Transportation Reliability Criteria Priority Vector
Variable Cost U/km 23/41 30/41 3/10 6/11 Variable Cost U/km | 0,534477
Fast Service 11/98 6/41 3/10 3/11 Fast Service 0,207805
Capacity 17/91 2/41 1/10 1/22 Capacity 0,095288
Eiallir;sg;ﬁgation 8/57 3/41 3/10 3/22 EZT;EEi;ation 0,162430
Table 12.  Priority matrix

Variable Cost U/km Fast Service Capacity Transportation Reliability

Car 0,45791 0,11362 0,04527 0,03876
Moto Trailer 0,34765 0,58769 0,10418 0,18250
Mini Truck 0,12035 0,22422 0,24664 0,36910
Truck 0,07409 0,07447 0,60391 0,40964

When the previous step was carried out, the prior-
ity matrix shown in Table 12 was developed, taking into
account the priority vectors calculated from the normal-
ization matrices by criterion. From the priority vectors
by criteria of Table 11 unified criteria matrix and the
priority matrix, the alternative prioritization vector was
found, detailed in Table 13, calculated by the product of
the priority vectors by criteria and each row of the prior-
ity matrix.

The alternative of greater hierarchy, according to
Figure 3 is the Moto-Trailer represented by a value of
34.75%, followed by the Car with 27.89%; In this case, the
conveyance to be implemented is the Moto-Trailer, taking
into account the selection criteria evaluated.

4. Conclusions

The implementation of the Analytical Hierarchical
Process (AHP) as a tool to support decision-making
demonstrates the numerous advantages that this process
entails, allowing the evaluation of several alternatives
with different criteria and making the right decisions at
any level; likewise, this process allows us to weigh each
of the selected criteria, using qualitative and quantitative
aspects in such a way that the assessment or judgment
issued by the evaluators is consistent.

0.4

Table 13.  Alternatives prioritization vector

Alternatives Prioritization Vector

Car 0,278962

Moto Trailer 0,347509

Mini Truck 0,194373

Truck 0,179156

0 0.05 0.1 0.15 0.2
Figure 3. Hierarchy of alternatives.
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The application of the AHP allows to achieve an inte-
gration of judgments and to base an election in such a
way that, although there are several evaluators, the same
decision is reached. Its versatility, simplicity, clarity and
mathematical consistency make this tool a strategic ally
for the decision making of any Organization. It should be
noted that this tool must be supported by scientific and
technical knowledge and the evaluator expertise.

In the present article it is evident that taking into
account the analysed criteria, alternatives were established
allowing to select the Moto-Trailer alternative as a con-
veyance for a concrete block distribution company as the
option of greater acceptance in the study according to the
established criteria. Likewise, a template was established
in Excel as a tool to support multicriteria decision making
under the AHP Methodology, making decisions faster.
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