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MODIFICATION OF THE ANALYTIC HIERARCHY PROCESS IN MINING INDUSTRY

Abstract. The Analytic Hierarchy Process (AHP), proposed by American mathematician Thomas Saaty, is widely
used in various fields, including applied science, engineering, sociology, healthcare, ecology, and others. Thousands of
papers have been published. The AHP is successfully used in mining industry, including for risk analysis at underground
coal mining. Risk is defined as the product of the probability of a hazard and the severity of its consequences. Difficulties
in decision-making in the mining industry are related to the reliability of geological data, long-term investments, strict
safety standards, and the need to comply with environmental regulations. It is worth noting the complexity of equipment
selection, which requires a harmonious combination of high performance, reliability in extreme conditions, energy
efficiency, and adherence to safety standards. The diversity of indicators affecting operational efficiency necessitates
finding trade-offs between various criteria, leading to multicriteria selection problems. The traditional approach in the
AHP does not take into account the spread of components when comparing global priorities for different alternatives,
and this, given minor differences that are acceptable to the decision maker, can lead to an irrational choice. The purpose
of this work is to take into account the spread of components of global priorities. The complexity of multicriteria decision
making lies in the fact that, as a rule, there is no alternative that is immediately superior across all criteria. As a
compromise, it is proposed to give preference to an alternative with a higher additional priority value, which
comprehensively considers the components of global priorities, in the case of small deviations in global priorities. In
developing the AHP, global priorities are compared based on the magnitude of the relative global priority. An example of
decision making using a modified AHP is given. In the traditional AHP, the optimal alternative is selected based on
global priorities obtained by linearly convolving local priorities. It is proposed to additionally consider the priorities of the
components of global priorities. The priority of the components is a multiplicative convolution of the relative components
of global priorities. The practical significance of this work lies in the fact that the modified method enables decision
making with minimal dispersion of global priorities, which makes it possible to consider their comprehensive impact on
achieving the stated goal. The advantage of the proposed modification is its comprehensive consideration of the
influence of global priorities on the choice of alternatives. The disadvantage is the permissibility of reducing global
relative priorities by an acceptable amount.

Keywords: decision making, goal, criteria, alternatives, paired comparisons, consistency, priorities, global,
convolution, linear, multiplicative.

1. Introduction

The Analytic Hierarchy Process (AHP) proposed by the American mathematician
Thomas Saaty [1] is widely used in various fields of activity: applied science,
engineering, sociology, healthcare, ecology, etc. [2, 3]. Thousands of papers have
been published [4].

The AHP is used in mining [5-7], including for risk analysis in underground coal
mining [8]. Risk is defined as the product of the probability of a hazard and the
severity of its consequences if it occurs [8—10]. Difficulties in decision-making in the
mining industry are associated with the reliability of geological data, long-term
investments, strict safety standards, and the need to comply with environmental
regulations. It is worth noting the complexity of equipment selection, which requires
a harmonious combination of high performance, reliability in extreme conditions,
energy efficiency, and adherence to safety standards. The variety of indicators
affecting operational efficiency necessitates finding compromise solutions between
various criteria, which leads to multicriteria selection problems.
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With the traditional approach, when comparing global priorities in AHP for
different alternatives, the spread of their components is not taken into account, and
this, given small differences (the definition of smallness is given below), leads to an
irrational decision.

In this regard, the purpose of this study is to account for the variation in the
components of global priorities.

Object of the study: the variation in the components of global priorities.

2. Methods

The following methods were used in this study: an analytical review of literature
sources; probability theory; and mathematical statistics. Internet resources were used
to analyze the current state of the art.

To achieve the set purpose, the following tasks should be solved:

— to define the multiplicative convolution of local priorities;

— to determine the priorities of the components of global priorities.

3. Theoretical and experimental parts

The Analytic Hierarchy Process is described in detail in the works of Thomas
Saaty, a list of which is available on the website [11].

The AHP algorithm is as follows.

It is given: purpose, m, criteria K, Ky Ky, and n, alternatives
D, D,,...D,
A matrix of pairwise comparisons for all criteria is formed

kll k12 1m,
| Ko Ko K| "
kmkl kmkz my My

where k;— a positive number indicating how many times the criterion K; is
preferable (in the Saaty scale) to criterion K;. The pairwise comparison matrix is

diagonal and inversely symmetric.
The normalized eigenvector of the matrix K (vector of local priorities) is

calculated
W, = r:k/H K; / Do pl K; - )

Then the maximum eigenvalue is determined
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My

ﬂ’max = Z I(ij\Nj ' (3)

j=L i1

To check the consistency of the matrix, the consistency index is calculated

P @
m, -1
and the consistency relation
0,=1¢, ©

where | — the average value of the consistency index of a random matrix of pairwise

comparisons, which is taken from the table [12].
If O,<0,1 the matrix is consistent, then 0.1<O,<0.2 The consistency is

considered acceptable [12]. If the consistency conditions are not met, the pairwise
comparison matrix should be adjusted.

For each criterion, a pairwise comparison of alternatives is performed. As a result,
we obtain k matrices

dlkl dlkZ e dlkn
Dk — d;l dzkz d;n (6)
dy, dng, .. ody

Here k — a superscript indicating the number of the criterion to which the value
with this index relates.

After this the normalized eigenvectors of matrices D* (vectors of local priorities)

are calculated
k_nd ng ) Ny N Ng )
W.* = ‘/gld”/zi_l gdu_ (7)

Then the maximum eigenvalue is determined

y ng Ny
ﬂ’max = szijwjk . (8)
j=1 i=1
The index and consistency ratio is calculated
k k
-1
T L 9)
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Global priorities are determined

G=D WW, i=12..,n. (10)

j=Lk=]

The best alternative is the one with the highest global priority, which we will
denote as G, -

The complexity of multi-criteria decision-making lies in the fact that, as a rule,
there is no alternative that is immediately superior across all criteria.

As a compromise, it is proposed that, for small deviations in global priorities,
preference be given to an alternative with a higher additional priority value that
comprehensively takes into account the components of the global priorities. Let's
consider the implementation of this approach.

In developing the AHP, we will compare global priorities based on the magnitude
of the relative global priority.

G.
G ., =—. 11
irel G ( )

max

The maximum value G, is one, so the deviation G, from the maximum

possible value is

irel

i rel =1- Gi,rel . (12)
Let the decision maker (DM) accept a deviation of the value o, that is
Eirel S O0g - (13)

It is in this sense that a small deviation from the maximum value of global priority
Is understood.

By denoting that Z']‘ =Wijij , we will represent formula (10) in the following form
G = Zi . (14)

The relationships between the components of the i-th alternative will be
characterized by relative components

zt =— (15)

ij,rel —
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To take into account the complex influence zi'},re, on global priority, we perform a
multiplicative convolution [13]

Z;= 11 Ziljf,rel' (16)

j=Lk=]

We'll call this convolution the priority of the components.

To solve a multi-criteria problem, we need to select an alternative that best takes
each criterion into account, and this is achieved by maximizing the priority of the
components.

Three priority-based situations are possible.

First, one of the alternatives has the highest global and component priorities. This
alternative is the best.

Second, one of the alternatives has the highest global priority, and there is also a
second alternative that is not much different from the first g <&, . If the second

alternative has a higher component priority than the first, then it is preferred.

Third, there are several alternatives that satisfy the conditions of the second
situation. In this case, preference should be given to the alternative with the highest
component priority.

Example.

Let's consider a model example of using the advanced Analytic Hierarchy
Process. A mining company needs to purchase an excavator using the following
criteria: K,— productivity; K,— reliability; K,— price. Alternatives: D,, D,, D,—
accordingly the models of excavators conventionally designated as 1, 2, 3.
Permissible deviation is 6, =0.1. The hierarchical structure is shown in Fig.1.

Level 1 Purpose

Level 2

Criteria K, K 2 K 3
Level 3 D

Alternatives D, 2 D,

Figure 1 — Hierarchical representation of the excavator acquisition task

Let us assume that as a result of expert assessments the following matrices of
pairwise comparison of criteria and alternatives were obtained:
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1 3 7 1 12 7
K=(13 1 3|, D=2 1 7|
Y7 13 1 Y7 Y7 1
1 2 7 1 4 5
D’=|12 1 6| D=|14 1 3]
Y7 16 1 1/5 1/3 1

The results of calculations using formulas (1-9) are presented in Table 1.

Table 1 — Local priority vectors

Matrices
K D1 D2 D3
Vector of local 0.669 0.361 0.582 0.674
riorities 0.243 0.574 0.348 0.226
P 0.088 0.065 0.069 0.101
The consistency 0.006 < 0.1 0046 < 0.1 0028 <01 0.074<01
relation

Global priorities are calculated using the formula (10)

G, =0.361-0.669+0.582-0.243+0.674-0.088 =

=0.24151+0.14143+0.05931=0.44225;
G, =0.574-0.669+0.348-0.243+ 0.226-0.088 =

=0.38401+ 0.08456 + 0.01989 = 0.48846;
G, =0.065-0.669 + 0.069-0.243+0.101-0.088 =

=0.04349 +0.01677+ 0.00889 = 0.06914 .

Maximum global priority is G, (it is highlighted in bold), therefore, in accordance
with the traditional AHP, the optimal alternative is D, . Let's calculate relative global
priorities (11)

G

~0.905, G, =1, G,,, =0.142

1,rel 3,rel

and deviations (13)

& =009, &, ,=0, &, =0.858.

Using formulas (15, 16), we determine the relative components of alternatives and
their priorities.
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Z111,rel :1 ' Z122,rel = 0586’ Zfs,rel = 02461
Zil,rel = 1’ Z222,rel = 0220; Zgg're, = 0052 y
Zél,rel = l’ ZB?Z,rel = 0386 ’ Z§3,,e| = 0204 y

Z,=0.1442, Z,=0.0114, Z,=0.0787.

Since ¢, <0.1, then the comparison of the priorities of the components for the
alternatives D, and D, gave the following result

(Z,=0.1442) > (Z,=0.0114).

Thus, taking into account the additional priority of the components, preference
should be given to the first alternative D, .

The practical significance of the work lies in the fact that the modification of the
method allows for decision-making with a minimal spread of global priorities, which
makes it possible to take into account their complex impact on achieving the set
purpose.

4. Conclusions

The Analytic Hierarchy Process, proposed by American mathematician Thomas
Saaty is widely used in various fields: applied science, engineering, sociology,
healthcare, ecology, and others.

The AHP is successfully used in mining, including for risk analysis at
underground coal mining. Risk is defined as the product of the probability of a hazard
and the severity of its consequences. Difficulties in decision-making in the mining
industry include the reliability of geological data, long-term investment, strict safety
standards, and the need to comply with environmental regulations. Equipment
selection is challenging, requiring a harmonious balance of high performance,
reliability under extreme conditions, energy efficiency, and adherence to safety
standards.

The diversity of indicators affecting performance necessitates finding trade-offs
between various criteria, leading to multi-criteria selection problems. The traditional
approach, when comparing global priorities in the AHP for different alternatives, fails
to take into account the variance of their components. However, the minor
differences, even being acceptable for the decision maker, can lead to irrational
choices.

The complexity of multi-criteria decision-making lies in the fact that, as a rule,
there is no alternative that is immediately superior across all criteria. As a
compromise, it is proposed that, for small deviations in global priorities, preference
be given to the alternative with a higher additional priority value that
comprehensively considers the components of the global priorities.
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In developing the AHP, global priorities are compared based on the magnitude of
the relative global priority.

An example of decision making using a modified AHP is provided.

In the traditional AHP, the optimal alternative is selected based on global
priorities obtained through a linear convolution of local priorities.

It is proposed to additionally consider the priorities of the components of global
priorities.

The priority of the components is the multiplicative convolution of the relative
components of global priorities.

The practical significance of this work lies in the fact that the modified method
enables decision-making with minimal variation in global priorities, making it
possible to consider their complex impact on achieving the stated goal.

The advantage of the proposed modification is its comprehensive consideration of
the influence of global priorities on the choice of alternatives. Its disadvantage is the
permissibility of reducing global relative priorities by an acceptable amount.

The obtained results will be used for decision-making in mining industry.
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MOOU®IKALIA METOLY AHANI3Y IEPAPXIN Y FPHUYIX CMPABI
JlanwuH €.C., lllesyeHko O.l.

AHortauis. Meton aHanisy iepapxin (MAI), 3anponoHOBaHMIA aMepuKaHCbKMM MaTemaTukom Tomacom Caari,
LUMPOKO 3aCTOCOBYETLCS B PisHMX ccpepax AiANbHOCTI: NpUKNagHa Hayka, iHKEHepis, COLonoris, OXOpoHa 340poB's,
ekonoria Towo. Ony6nikoBaHo TucsaYi pobit. MAI yCnilLHO BUKOPUCTOBYETLCA B FipHUMYIN CNpaBi, 30Kpema Ans aHaniay
PU3VKIB NpK LWaxTHOMY BugoOyTKy Byrinns. ig pusmkom po3ymieTbes OOYTOK MMOBIPHOCTI HeGe3nekn Ha CeprosHICTb
HacnigkiB y pasi ii peanisauii. Mpobnemm NpURHATTA pileHb Y ripHM40Z06YBHIN rany3i NOB'A3aHi 3 AOCTOBIPHICTIO
reornoriYHmnX [aHuX, OOBrOCTPOKOBICTHO iHBECTULiN, KOPCTKUMM CTaHAapTamu TexHiku Oesneku Ta HEoOXigHICTHO
BOTPUMaHHS ekonoriyHnx Hopm. Cnig 3asHauuTh cknagHicTb Bubopy obnagHaHHs, ske noTpedye rapMOHIHOro
NOEAHaHHS BUCOKOI MPOAYKTUBHOCTI, HadiMHOCTI B eKCTpemasibHUX YMOBaX, eHeproeeKTUBHOCTI Ta BignoBigHOCTI
CTaHgapTam 6e3neku. PisHOMaHITHICTb MOKA3HWKIB, SIKi BMNBAKOTb €EKTUBHICTb QiSNbHOCTI, 3yMOBOE HEODXIAHICTL
MOLLYKY KOMMPOMICHMX PillieHb MiX PisHAMU KpUTEPISIMM, LLO NPU3BOAMTL A0 BUHUKHEHHS GaraToKpuTepianbHuX 3aBaaHb
Bubopy. lMpu TpaguuinHomy migxopi 4o MAI npu nopiBHSHHI rnobanbHUX NPIOPUTETIB ANS Pi3HUX anbTepHaTUB He
BPaXOBYETLCA PO3KNA IX CKMAdOBMX, a Lie NPU HE3HAYHWX BIiAMIHHOCTSX, SKi € 4oNYCTUMUMM Ans 0cobu, sika npuiivae
PiLLIEHHsI, MOXE NPU3BOAMTK A0 ippaLlioHanbHoro Bubopy. MeTa — obnik poskugy cknagoBux rnobanbHUX NpiopuUTETIB.
CknapHicTe GaraTokpUTepiansHOro MPUAHATTS PILLIEHHS y TOMY, LWO, 3a3BMYail, HeMae anbTepHaTMBY Bigpasy KpaLloi 3a
BCiMa KpuTepisMu. Ak KOMNPOMIC NPOMOHYETHCA NPK ManUX BiAXWUNEHHsX rnobanbHuX NPIOpPUTETIB BigAaBaTh nepesary
anbTepHaTVWBi 3 BESMKAM 3HAYEHHAM [O0LATKOBOTO MPIOPUTETY, KOMMIEKCHO BpaxoBye CKNagosi rnobanbHux
npioputeTie. Y po3BuTok MAI MOpIiBHAHHS CBITOBWX NPIOPUTETIB BUKOHAHO 3@ BEMUYMHOKO BIAHOCHOrO rroGanbHoro
npiopuTteTy. HaBeaeHo Npuknag yxBaneHHs pilleHHs 3a gonomorot mogudikosanoro MAL. Y TpaguuinHomy MAI Bubip
ONTUMAaIbHOI anbTepHATUBM NPOBOANTLCS Ha OCHOBI MOBaNbHUX MPIOPUTETIB, OTPUMAHMX Y Pe3ynbTarti MiHINHOro
3ropTaHHs NoKanbHWX npiopuTeTiB. 3anponoHOBaHO [OAATKOBO BpaxOBYBaTU MPIOPUTETW CKNapoBWX rnobanbHux
npioputeTiB. NpiopUTET CKNAgOBMX — MYNbTUMNIKATUBHWA NaKyHOK BIiZHOCHMX CKNadoBWX rnobanbHUX MpiopuTeTiB.
MpuknagHe 3HaveHHs poboTK nonsrae B TOMY, WO MoAudikaLis METoZy A03BOSISIE NMPUAHATH PilIEHHS 3 MiHiMarnbHUM
PO3KMAOM TrnobanbHUX MPIOPUTETIB, WO Aa€ MOXIMBICTb BpaxOBYBATM iX KOMMNEKCHWI BMIMB HA AOCSATHEHHS
nocTasneHoi meTu. MNepeara 3anponoHoBaHOI MoaudikaLlii — KoMMnekcHuit obnik BNnMBY rnobanbHuX NpiopuTeTiB Ha
BWBIp anbTepHaTuB. Hepgonik — 4ONYCTUMICTb 3MEHLLEHHS roBanbHMX BiGHOCHUX NPIOPUTETIB NPUAHATHY BEMUUKHY.

KntoyoBi cnoBa: yxBaneHHs pilleHHs, MeTa, KpWUTepil, anbTepHaTWBW, MapHi MNOPIBHSHHS, Y3rOMKEHICTb,
npioputeTy, rmobansHi, 3ropTka, NiHiiHa, MynbTUNMIKaTUBHA.
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