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ANALYTIC HIERARCHY MODEL OF TilE SELECTION
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Abstract. In this paper is given a model of selecting' an optimal organizat ion variant
alternative by using the analyti c hierarchy process. The problem is described, its
hierarchical structu re is recogni zed . and the theoretical foundation of the method is
presented. The proposed model is illustrated by a numerical example which is
consi dered from a practical viewpoint. Further research directions in this field art"
ou t lined.
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I. INTRODUCTION

Today 's business condit ions req uire the organization of a business system la
finn ) to be adaptable to envi ron me ntal requirements. In ot her words, the organizat ion
model must be flexible to allow the business system to respond successfu lly to a
changing marke t , to competcnon. and to benefit as much as possible from infonnation
technology. To this end, organ ization elements: st ructu re , resources (manpower.
ca pital, technologies), cultu re (beliefs, expectatio ns, behaviour' and systems (cont rol,
communicat ions. rewards ) should be harmonized with development st rategy. and the
management's task is to keep t he balance of the model, i .e . to direct the complex
interactions among the st rategy, resources, cu ltu re and systems. All this means that
firm organization models must permanently be stu died . modified and improved so as to
make them provide for efficient funct ioni ng of a business system under variable
operat ion conditio ns.

Identification of an existing organi zation together with the aims of business
a nd development pol icies, organizational concept and organizat ional criteria provide a
basis for designin g organ izat ion variants> alternatives . Comparisons and evaluations
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of these al ternatives and the select ion of one of them represent in fact the problem of
determining the opt imal organizat ion . A large number of business efficiency and
effectiveness criteria, combined with the difficulties concerning their numerical
quantification , make the selection of an appropriate model very complicated .

A task formulated in this way belongs to the class of discrete multicriteria
decision-making problems [6]. Such problems are most often handled using the
cost/benefit analysis. Apart from its shortcomings in describing the conflict ing criteria.
this analysis requires macro- and microorganization to be worked out to permit the
predict ion of income and expenditure; all these efforts are often unnecessary and
un reasonable. The ELECTRE method based upon the concept of an 'out ranking
relationship' was used in solving of the stated problem [10].

This paper is intended to show the applicability of the analytic h ierarchy
process to the select ion of the optimal organization alternative. Unde r this approach
the problem is decomposed into smaller component parts and pairwise comparisons are
then mad e for each hierarchical level. Problem decomposition into a h ierarchical
st ructure, the measurement methodology developed for purposes of establishing
priorities at each hierarchical level (a typical scale of measurement of importance
ranges fro m one to nine), and the calculat ion of priority and consistency index
represent the th ree basic components of the analytic hierarchy approach [5], [7}.

The following Section gives the formulation of the problem of selecting the
optimal organizat ion alternative, describes the organization alternatives and defines
organizat ion criteria and su bcrite r ia. Section 3 presents the analytic hierarchy
formulation of the problem and Section 4 describes the performed numerical
experime nts. Concluding remarks including the analysis of the results obtained by
experiments and the prospective applications are presented in Section 5.

2. PROBLEM STATEMENT

Efficiency in the operation of transport firms depends on the ever increasing
competi tion and offer of services on the market and requires a higher productivity,
decreased ope rational cost and the development of improved planning tools to permit
better utili zation of the available resources. Trying to find an organizat ion model that
will all ow achieving the stated goals is an imperative for all participants in the
transportation process.

In t rying to formulate the model of organization alternat ive it is important to
know the basic character istics of each proposed alternative with respect to cri teria and
subcriter ia. T hree possible organizat ion alternat ives suggested in modern management
theory are analyzed here.

The method will be used for selecting the optimal organization alternati ve for
a road transport fir m which serves in urban, subu rban and inter-city t ransportation .
On this territory there are no conditions for establishi ng separate firms for urban and
subu rba n transport. The following three al ternatives have been included in a close
choice:
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Alternative 1 . Or~nizing- a firm with centralized functions (research,
development. sales, etc.I and centralized decision making. On..anizational units .
departments have a direct control function only .

Alternat ive 2 - Organ izing fi rm with profit centers on a terr itor ial principle
and with dec entralized decision mak ing. Research, acq uisition, lind other fun ctions that
are reasonable to perform at firm level are organized at that level , while sales,
manufacture, transport services etc. are org-anized at profit-center level.

Alternative 3 . Several firm s organ ized on a territorial principle with
cent ralized fu nct ions, cent ralized decis ion making and lim ited material, manpower and
financial resou rces.

The proposed criter ia important for achieving- the global goal are: fulfilment of
transport req uirements. business results . firm development, adaptation ability and the
quality of life (working and living conditions ) together with motivation factors. The
fulfilment of t ransport requi remen ts is described in terms of subcri ter ia such as
transport volume, quality and price, while business resu lts are judged according to the
amo unts of profit and costs. Finally, adaptation ability is classified into st ruc tural,
st rategic and operational. The hierarchy of the model of selecting an org-anization
alternative is illustrated in Fig. 1.

For pu rposes of comparing the re lative importance of cri te ria lind subcriteria
wit h respect to the global goal and with respect to alternatives, a measurement scale
has been es ta blished 141, [7J , (Il l and is presented in Table 1.

Table I . Scale of Measu rement for Analytic Hie rarchy Process

Intensity of
Relative Importance Definition

I ~uall~rt.ance

3 Mode rate importance of one over another
5 Essential or stro!iJ~rt.ance

7 VeT\' stron im rtunce
9 Ext re me im rtance

2, 4,6,8 Intermed iate values to reflect co1!!£!omise
Reciproca ls of

above Used to reflect dominance of the second
nonzero nu mbers alternative as compared with the first

This scale allows managers to make pai rwise comparisons a nd form matrices
for describing the relat ionship of criteria and aubcriteria to the alternatives lUI .....ell ua
the interrelationships between criteria . Data required for computing the priorities of
various organ ization a lternatives are collected in t his way .
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these weights ca n be compu ted even when the matrix is inconsistent. by applying the
eigenvector method [Ll ]
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3. ANALYTIC HIERARCHY PROCESS

1
u lJ : - foralll , ; e A

""

Given a ny two alternatives i and j in the set of alternat ives A . the
decision marker is able to provide a pairwise comparison u lJ of these
alternat ives under any cri terion c from the set of criteria C on a ratio scale
.....hich is reciprocal. i.e..

Wh en com paring a ny t .....o al ternat ives i , ; e A , the decision maker never
judges one to be infinitely better than another under any criterion c e C;
i.e., a ,j 7- <Xl for all a

'J
E A.

One can formulate the decision problem as a hierarchy .
All criteria and alternatives wh ich impact the given decision problem are
represented in the hierarchy. That is , all expectations must be
represented (or excluded I in terms of criter ia and alternatives in the
st ructure and be assigned priorities which are compat ible ....-ith one's
expectations .

Axiom 2 :

A<; has been sta ted in preceding Sections, the analytic hierarchy process
provides a framework for select ing the best out of a set of alternatives that .....e re formed
using conflict ing criteria. The ax iomatic sta tement of th is process was given by Saaty
r7J, and Harker and Vargas [5) demonstrated by examples the inconsistency of the
crit ical remarks directed to Snaty's sta tement. The first of the four axioms deals .....ith
the reciproc ity property {41;

Axio m I :

Axiom 3:
Axiom 4:

Based on the previously made pairwise comparisons and by using the accepted
measurement scale, the task is to calculate the clements of a vect or of priorities or
weights w, . From t he rec iprocal matrix

where i'mall is the Perron root of the matrix . Consi stency is measured by using a

consistency rat io (C. R.), the ratio of the degree of incosistency in the judgment of
w, I w

J
to the consis tency obtained if and on ly if j.max '" n and is computed as (21
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C. R. '" A.mu. n
n - 1

Harker (4) has de fined a random index (R.I .) as the mean C.R. value computed
for t he matrices that we re randomly generated for each s ize of matrix n, and has listed
these values in a table. The ratio of the consistency ratio (C. R, ) to the random index
(R. I .) is referred to as cons istency index (C./.) and represe nts a measu re of t he
probability that the matrix was filed in a random manner. The upper limit of Cil. value
which can be cons idered as acceptable with respect to the judgments given in matrix A
is 0 .1.

The principle of hierarchic compoeuron permits the judgments to be
synthesized by computing the total priority of an alternative by usi ng a linear additive
function 12].

4. A NUMERICAL EXPERIMENT

In this Sect ion the applicability of the model is demonstrated for the
j udgments give n under selected criter ia and subcr ite ria for the 3 proposed organ iza t ion
alternatives. on the basis of the philosophy and theory of the analytic hierarchy process
and by using the EXPERT CHOICE (3) software package.

Based on the hierarchical structure shown in Fig. 1, pairwise comparisons of
all a lternatives have been made according to the measurement scal e given Table 1. T he
results are presented in the form of the reciprocal matrices of each level with respect to
all organization alternatives, relationships between levels , and are listed in the
following tables .

Table 2 ; Comparison of Organization Alternatives with respect to
Transport Volume

Alternative 1 Alternative 2 Alternative 3
Alternative 1 1 1/6 1/5
Alternative 2 6 1 3
Alternative 3 5 1/3 1

C.R. -O.090

Table 3 : Compariso n of Organization Alternatives with respect to Transport
Service Quality

Alternative 1 Alternative 2 Alternative 3
Alternative 1 1 1/2 3
Alternative 2 2 1 5
Alternative 3 1/3 1/5 1

C.R.=O.OO4
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Table 4 ; Comparison or Organizat ion Alternatives with respect to Price

107

Alternative 1 Alternative 2 Alternative 3
Alternative 1 1 5 3
Alternative 2 115 1 1
Alternative 3 113 1 1

C.R. - O.028 .

Tables 2, 3 and 4 contain data on the criterion; rulfilment or transport requirements.

Table 5 : Comparison or Organization Alternatives with respect to Profi t
Service Quality

Alternative 1 Alternative 2 Alternative :l
Alternative 1 1 118 114
Alternative 2 8 1 5
Alternat ive 3 4 115 1

C.R . =O.0 90

Table 6 : Comparison or Orga nization Alternatives with respect to Cost

Alternative 1 Alternative 2 Alternative 3

Alternative 1 1 4 8
Alternative 2 1/4 1 2
Alternative 3 1/8 112 1

C.R . =O.OOO

Tables 5 and 6 include informat ion about the crite rion: business resu lts.

Table 7: Comparison or Organization Alternatives with respect to Firm
Development

Alternative 1 Alte rnat ive 2 Alternative 3

Alternative 1 1 1/9 115
Alternative 2 9 1 4
Alternative 3 5 1/4 1

C.R . -O.068
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Table 8 : Comparison of Organization Alternat ives with respect to Operational
Adaptation Ability

Alternative 1 Alternative 2 Alternat ive 3
Alternative 1 1 3 5
Alternative 2 1/3 1 2
Alternative 3 1/5 1/2 1

C.R. 0.004

Table 9 : Comparison of Organization Alternat ives with respect to St rategic
Adaptation Ability

Alternative I Alternative 2 Alternative 3
Alternati ve 1 1 1/4 1/2
Alternati ve 2 4 1 3
Alternat ive 3 2 1/3 1

C.R.=O.O I7

Table 10 : Comparison of Organization Alternat ives with respect to Structural
Adaptation Ability

Alternative 1 Alternative 2 Alternative 3
Alternative 1 1 113 1/5
Alternative 2 3 1 1/3
Alternative 3 5 3 1

C.R.=O.037

Tables 8, 9 and 10 include information about the cr iterion : adaptat ion ability .

Table 11 : Comparison of Organizat ion Alternatives with respect to Quality of
Life and Motivation

Altern ati ve 1 Alte rnative 2 Alternative 3
Alternat ive 1 1 117 113
Alternative 2 7 1 3
Alternative 3 3 113 1

C.R.=O.OO7
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Table 12 : Comparison of Subcriteria

Subcriteria Relative orioritv
Transport Volume 0.35
Transport Quality 0.40
Transport Price 0.25

Profit 0.60
Cost 0.40

Operational 0.25
Strategic 0.40

St ructural 0 ,35

Tobie 13: Comparison of Criteria with respect to Stated Goal

109

Fulfilment of
Transport Business Firm Adaptation Quality of

Rccurrements Results Devclooment Abilitv Life
Fulfilment of

Transport 1 1/9 1/5 1/3 114
Requirements

Business
Results 9 1 7 3 5

Firm
Develooment 5 1/7 I 114 1/3
Adaptation

Abilitv 3 1/3 4 1 2
Quality of

Life 4 1/5 3 112 1
C.R .=O.094

Table 13 provides an analysis of the interrelationships among criter ia. In
designing an opti mal orga nizat ion, one has to conside r all cri teria and take into account
the influence of each cri ter ion on each other. Pairwise compa risons have been used
here for this purpose.

The calcu lated C.H. values sho w that the given j udgments nrc acceptable and
that the synt hesis can be pe rformed The stated problem represents a n analytic
hierarchy process and can be solved successfully by usi ng the t:C <F.xP ERT CHOICE)
software package for personal computers.

This package has been employed for solving the previously stated. problem of
select ing an opti mal organizat ion alternat ive . T he package permits solving probl ems
with no more than five hierarchical levels end offers extensi ve capebil iuce for the
numerical and graphical interpretation of results .

Output results are givten in Tables 14, 15. 16 and 17. The first 3 tables refer to
the mixed priority of subcri ter ia with respect to each organizat ion altern ative. A mixed
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consistency index has been calculated in a similar way by usi ng the relative pr iorities of
subcriter ia , i.e . their single C.R. values. Table 17 presents the final results obtained by
associating all cr iter ia for a ll organization alternatives.

Tab le 14: Mixed Pr iority for Fu lfilment of T ransport Req uirements

Volume Qual ity Price Mixed
(0.35) (0.401 (0.25) Pr iority

Alternative 1 0.Q78 0.309 0.659 0.316
Alternative 2 0.635 0.582 0.156 0.4 94
Alterna t ive 3 0 .287 0.109 0.185 0.190

C.R. 0.090 0.004 0.028 0.040

Table 15 : Mixed Pr iori ty for Business Result s

Profit Cost Mixed
(0.60 ) (0.40 ) Pr iority

Alterna t ive I 0.068 0.727 0.331
Alternative 2 0.733 0.182 0.513
Alterna ti ve 3 0.199 0.091 0.156

C.R . 0 .090 0.000 0.054

Tab le 16 : Mixed Priority for Adaptation Ability

Operational Strategic St ructu ral Mixed
(0.25) lO.4m 10.35) Prioritv

Alternative 1 0.648 0.136 0.105 0.253
Alternative 2 0.230 0.625 0.258 0 .398
Alternative 3 0 .122 0238 0.637 0.349 •

C.Il. 0.004 0.017 0.03 7 0 .021

Tob ie 17; Mixed Prior ity for Organization Alternatives

Fulfilment of Qu ali ty of
Transport Business Develop- Adaptatio n Life and Mixed

Requirement Results ment Ability Motivation Priority
s (0.421) (0.104) (0.253) (0.172)

(0,049)
Alt ernative I 0.316 0 ,331 0.060 0.253 0.088 0.24 1
Alt ernative 2 0.4 94 0.513 0.709 0.398 0.669 0 .530
Altt' rnatlve 3 0.190 0 .156 0.23 1 0.349 0.243 0 .229

C.I. - 0.070



v .Vclovu:. NJ BoJOvic I Analyt ic Hierarchy Model III

These tabl...' contain a consid hi t f i , . he f II'" "I era e amoun 0 iruormenon t c 10 owinJ: of
which should be emphasized:

a )

h)

relative importan ce of crtteria .
business results
adaptation ability
quality of life and motivation
firm developme nt
fulfilment of tmnsport requiremen ts

total mixed priority;
e rg...mization al ternat ive 1
organization alternat ive 2
organization alternative 3

0421
0253
0172
0104
0 ,049

0 .2·11
0 ,530
0 ,229

A", can be see n, the perfo rmed analyaia gives prior ity to the second
organ ization alternative - organizing a firm with profi t centers on II teriturial principle
and with decentralized deci sion making.

c) Of all the output indicators shown in the tables in thia Section . the
consistency rat io lC.It ) an d the consistency index (C.I.) arc the on ly that tell us
whether and to what extent the decision maker was consistent in judging tbc
reciprocity matrix elements. In a general case, the C.1. values equal to zero indicate the
decision maker's perfect consistency. whereas C.1. values larger than 0.1 show thnt it
ne cessary to revise some j udg-ements. In ou r case, the values of C.1t and the total C.I. of
0.07 refl ect acceptable consistency.

5. CONCLUSIONS

Iv:; stated in the Int roduct ion, the main ai m of this paper has been to provide
a n analyt ic hierarchy formu lat ion of the problem of selecti ng an opt imul orguntaation
alternative. We believe we have shown by experiments that the analytic hierarchy
process is a s imple yet elegant method for I'OIVlnJ: this type of problems. The model
presented here takes into considerat ion the most importa nt criteria and subcnt cr ia as
well as organization alternat ives sugg ested hy mode rn ma nag-eme nt th eory .

Organization alternative selection has to be formulated in a hierarchical
manner . T he in terrelationships among cri teria th at a re important for proper
functioning of tra nsportation a re described in the paper. T he model proposed lu-re
appears to be a very powerful tool for selecting- organization altemeuves and it
represents a valuable aid to a firm 's managerial staff in making deci sions on their
firm 's organization .

Analytic hierarchy processes can also be used in solving some other
mu lt icr iter ia decision-making problems tmarket ing mix deci sion making- 1111, select ing
subsystem auto mation options II I. motorcycle design (8)1. etc.
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Incorporating stochast ic elements into the reciprocal matrix of evaluations and
studying the influence of uncertainty on the stability of the rank order of alternatives
will be one of the important areas of future research . Some attempts of expressing the
evaluations by stochastic values are given in (9).

The author's many-year expe rie nce gained through numerous t ransport
organization projects made by usi ng other methods (the Delphi technique, ELECTRE
method , TO PSIS. etc.) shows that analytic hierarchy processes have certain advantages.
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