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OcHOBHasl LIelIb CTaThU — aHAJM3 MPEUMYIIECTB U HEJOCTATKOB PAa3JIMYHBIX METOIOB OIPEIEICHUS
BecoBbIX Kod(p¢uuuenToB (BK) mis coBokymHocTel (pakTopoB, y4UTHIBAEMBIX MPH IPHHSATUH MHOTOKpPHUTE-
pHuanbHbIX pemennii. CpaBHeHbI 1T MeTonoB: MeToa kapT (Method of the cards); AHP (Analytical Hierar-
chy Process); npsimoro B3BemmBanus (Direct weighting); orienku HenonBrxHOH ToukH (Fixed point scoring);
MACBETH (Measuring Attractiveness by Categorial Based Evaluation Technique). [Tocnennuii meron mo-
3BOJISIET KOMOWHUPOBATH [Ba TUIA WH(POPMAIMU: O IMPEIANOYTEHUSIX JIMIA, MPUHUMAIOIIEr0 PElIeHHUs; O
Ba)XKHOCTH KPUTEPUEB M MX B3aUMOJICWCTBHUH, OTPAaHUYEHHOM MapaMu KpUTEpUeB. ABTOPHI ITOTYEPKHUBAIOT,
YTO ILesiecooOpa3Hble Uil npuMeHeHus: cxeMbl BK moryt 3aBucers oT BeIOpanHOro mMeroxa. J{is MeTomoB
«xapt»; AHP, MACBETH B craTbe puBeaeHb! KOHKPETHBIE IPUMEPBI UX MPUMEHEHUS, WITIOCTPUPYIOLIHE
TEXHHUKY BBIYUCIICHUS BECOBBIX KO3()(HUIIMEHTOB.

KiiloueBble €j10Ba: MHOTOKPUTEPUATHHBINA aHAIN3, BECOBLIE CXEMBI, arrperamus; uepapxusaius,
meron kapT, meron AHP, meton MACBETH

Introduction. In project management the consequences, associated with procedures
weights, are significant - because these occur for the most parts in the decision making process of
companies. The calculated weights often used to size the project to focus efforts and investments
towards the most important objectives. In multicriteria analysis, the knowledge of the weights is
essential. Determining the importance of a criterion over another is a major issue for both scientific
and political. This is what then justifies the interest of a research on the methods of weighting.
Therefore in the literature exists a significant variety of weighting methods. These methods have
been the subject of several studies, especially in the field of project management, where will, for
example, choose the best contractors, which can run the project [1, 9, 13], in the field of environ-
mental impact assessment, social and territorial [16]. These methods have also proved their worth
in the design and optimization of energy systems in the assessment of the environmental dimension
of land and also in the calculation of nitrogen emissions on a group of farms [17, 22]. Other work
on the assessment of appropriate measures against flooding, the rural water supply and sanitation in
developing countries have relied on these methods [3]. In it a literature review have been conducted
to identify methods for determining the weights, that would be likely to respond to different re-
search objectives. The purpose of this article was a literature review of methods for determining the
weight schemes in multicriteria analysis.

1. Method of the cards. This method was proposed by [23] to weigh multiple criteria in an
environmental context. The main idea of the method of the cards (Simos, [8]), is to order the crite-
ria and specify the «gap» of importance between two criteria. It provides the expert two types of
cards: those representing criteria (one card per test), and white cards [12]. As a first step, the expert
must order the «criteria» cards in order of importance (ex aequo authorized). Then he can put white
card between cards criteria, with significance as the number of white cards between two criteria -
the greater the difference in importance between these two criteria, is large. We propose to present
a structured way of this method: first highlight the difference between ordinal and cardinal rank-
ings; then we outline the principles for the establishment of a cardinal ranking of an ordered set by
this method and those of weights determination from this cardinal ranking.

1.1. Ordinal classification, cardinal classification.

The two terms «ordinal» and «cardinal» correspond to two possible definitions of natural
numbers.

v'Ordinal integer denotes the position of a term in an ordered series of elements of a set on.
In the sequence (A, B, C, D), the position C is designated by the integer 3.

v'The cardinality of a set is the integer elements of this set. This term quantitative conso-
nance. The cardinality of the set {a, b, ¢} is 3.
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Example of classification by the method of the cards

Suppose we want to classify 8 products, obtained in a series production. We submit the
eight products to a test consisting of 20 consecutive tests of equal importance for the appreciation
of product quality. For each of these tests, it gives the result: yes (success) or not (failure). Let us
study the ordinals and the cardinals of the undergone tests: this is called the note, n(P) taking val-
ues in {0,..., 20}. We classify the products in the range - for example in descending order of notes,
and is thus obtained the classification ¢(P;), giving the product an ordinal value in the set {1,....8}.
Thus we have defined a cardinal ranking, that of the notes and an ordinal ranking of the rank. Notes
products and their classification are for example:
Product P, P, P3 P, P5 P6 P7 Ps

Note on 20 12 11 04 19 09 13 07 05
Ranking34815267

We can generalize this example, considering a product P extract a set, that contains n.

Were measured on each product a given physical quantity will result. Choosing a multiple or sub-
multiple of the unit, it is always possible to associate a measure of this quantity S as an integer - for
example the length of a car can be considered a whole number of millimeters, the temperature of a
medium - an integer of kelvins. The measure S forms a cardinal product ranking: Cardinal ranking

of P is the integer value s. It takes its values in N (natural integers). If one classifies the products
according to the value of their exit, the product P will have a rank ¢(P) in the family: thus form an

ordinal ranking that takes values in {1,..., n}. In case of ex aquo, given the two elements, the same
rank and the following unit is shifted. We can deduce an ordinal ranking of a cardinal ranking:
knowing the numerical values of the cardinal size for each element of the set, you can sort them by
ascending or descending order of the value and derive an ordinal ranking of the elements. The re-
ciprocal is obviously false - you can not deduct notes products on their classification. In particular,
by saying that the P4 product is first, P¢ second and P; sixth, that does not mean that Pg is twice less

good than Py, than P; is six times less good than P4 or that P; is three times less good than P,
1.2. Description of the method of the cards on the example.

When passing notes in the standings (see Fig. 1), there is obviously a loss of information.

However, an agent, which knows well the eight products of the previous example, is able at the
time when it defines the twenty tests, to produce an estimated ranking and to even consider the
notes, probable that the products will obtain. For this, the mental process is similar to the position-

ing of products on a graduated scale, the distances separating the products being the image from the
foreseeable variation of the notes. This remark is illustrated in Figure 2.
Ranking
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Fig. 1 . Diagram classification of products by the method cards
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Fig. 2 . Diagram illustration of the determination of the weight
of nine objectives by the method cards

In particular, the agent distinguishes well excel it then produces P,, which precedes the
other products clearly, comes a group from products around or slightly to the top of the average (in
the order Pg, P1, P, and Ps) and finally three products pretty significantly below (P;, Pg and P3).
Figure 1 shows the ranking of the eight products on the top axis and notes on the lower axis. The
significance of the arrows will be given later. Let us imagine that the agent has in hand eight index
cards, each relating to a product with a manufacturing code. To pass from the ranking, estimated
with the probable notes, it can use a stock of blank index cards, and insert as he wants, between or
after those products, with the only constraint to have 21 records on hand at the end. We call card, a
printed or virgin sheet. Is thus obtained the stack of 21 cards, as shown in Figure 1, the product
sheets are represented by dashed arrows upward. Let us give some objective arguments that the
agent can use:

v'Pg and P products are bad, but not zero: place four cards for example before them.

v'The product P4 certainly good, but not perfect, do not pass, i.e. can not be successful in
all tests: therefore placed a card behind him.

v'Products P6, P, and P, are of good quality, but are several lengths of P4: we place e.g.
five cards between P4 and group.

v'We pass from product P, to Ps, Ps to P; and P to Pg by small successive jumps substan-
tially equal: placing a card every time between them.

We have described on this example, the method of the cards. It makes it possible to define
a cardinal ranking of N objects from only ordinal ranking.

Let us now give a synthesis of these principles. Figure 2 gives a complete illustration of
different steps of the process for determining the weights of N = 9 objectives associated with the
outputs Si,..., Sg. The N objects are registered on cards. Those are classified in the order, defined by
the ordinal ranking. It should well be understood, that the cards are only one mediator of the human
intuition. The procedure consists of set usage of blank cards and:

v'to place before the first card a number of blank cards, representative of the difference be-
tween this object and the imaginable bad object;
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v'to place after last the card-object a number of blank cards, representative of the differ-
ence between this object and the best imaginable object;

v'to intercalate between the card-objects a representative number of cards, separating the
two consecutive objects.

One thus obtains a cardinal ranking on a scale going of zero until the full number of cards
least one unit (20 in the example).

In summary, the method of the cards is simple and easy to use. But the obtained weighting
will not reflect systematic differences in importance between criteria. Moreover, it appears too in-
tuitive to us [9,7].

2. Determination of weights in the AHP method. The pairwise comparison method,
called AHP (Analytical Hierarchy Process), was developed by [19] and widely used since. This
method breaks up into four steps: hierarchisation of the criteria by importance - of most important
at least important; construction of matrix, starting from the comparison two to two of the criteria;
determination of the weights, associated with each criterion thanks to the approximate method of
calculating of the eigenvectors; finally - checking of consistency of the result.

2.1. Hierarchisation of the criteria by importance.

Let C; ... G ... C, - the set of criteria for which the weights are desired. The prioritization
must lead to a ranking in which Cj is greater than C;i; is greater than C; and so on until C, be the
criterion of less importance. The relation of importance, defined here, is not strict. That means that
Ci.11s less important or more important than C;.

2.2. Comparison in pairs of criteria.

Let W; the weight of criterion C;. The pairwise comparison of the criteria leads to define
the degree importance of a criterion relative to the other — in accordance with Table 1. A scale of
values from 1 to 9 is adopted and used to introduce the judgments of the decision maker closer to
reality [10].

Table 1
Judgment scale of relative importance for pairwise comparison|[18]
Intensity of Definition Explanation
Importance
1 Equal importance Two activities contribute equally to the objective
3 Moderate importance Experience and judgment slightly favour one activity
over another
5 Strong importance Experience and judgment strongly favour one activity
over another
7 Very strong or demonstrated im- | An activity is favoured very strongly over another, its
portance dominance demonstrated in practice
9 Extreme importance The evidence favouring one activity over another is of
the highest possible order of affirmation
2,4,6,8 For interpolation between the Sometimes one needs to interpolate a compromise
above values judgment numerically because there is no good word
to describe it

For example, if the criterion C; — essential importance relative to the criterion C;j, then the
ratio wi/w; will be equal to 5. Comparing between them each criterion, the following matrix is ob-
tained:
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where a, ;is the intensity of the importance of C; to C;; w; — the weight, associated with C; ; A — the

matrix of judgments.

i

This square matrix is reciprocal because @; ; = —— = —— . Thus, the use of reciprocal
w j a ji

values for the positions of transition, reduces the number of comparisons to n (n - 1)/ 2.

2.3. Determination of weights, associated with each criterion.

We propose two approaches for determining weights: approach, based on the normalization
of the matrix; the approach, based on eigenvalue analysis.

Normalization method

After the construction of matrix A, one searches the vector of the weighting coefficients.
One divides each a;; by the sum of values of the corresponding column. It is said that normalizes
the matrix and normalization then allows meaningful comparisons between elements. Then an av-
erage is performed by lines: all elements of a row of the normalized matrix are added together and
then divided by the number of entries it contains. This mathematical operation is governed by the
equation (1):

_ - c a,
a a; 4 Z
Hoyp 4 =~
p p Za“
Zakl Zaki Zakn Lk=l ]
k=1 k=1 =1
n
n
a; a. . a.
i
T T na,
n n n Z
j— —_— n
w= Zakl Zaki Zakn = = Z
k=1 k=1 k=1 ay
k=1
" L J
) n
O oy Sy T
n n n
a4 2an | | &l o,
k=1 k=1 k=1 Z .
L n o Zakl

L n ] 2
So, each coefficient W, is obtained by the formula (2):
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n
=1
Z%
_ k=1

W= 3)
n

And the sum of w, must be equal to 1.

The result of this operation provides the percentages of the relative total priorities.

These calculations can be carried out by the Expert Choice software.

Hllustrative example

Consider a decision problem of determining an «index (main objective) composite sustain-
able development» judging business performance. This index is divided into three sub-indexes
(economic, environmental and social), which we refer to as secondary objectives. Suppose that they
evolve in the following sense:

1" Economic > 2™ Environment > 3™ Social, so that the matrix of the judgments takes the
form below (table 2).

The weights of the different objectives is obtained by normalizing the matrix.

Table 2
Matrix of judgments
Criteria Economic Environmental | Social Env. | Tech. | Soc. = | X/3
Economic 1 2 3 0.55 | 0.57 | 0.50 | 1.62 0.54
Environmental 1/2 1 2 0.27 | 0.29 | 0.33 | 0.89 0.30
Social 1/3 1/2 1 0.18 | 0.14 | 0.17 | 0.49 0.16
X= 1,83 3,5 6 1.00 | 1.00 | 1.00

The economic criterion is most important with a weight equal to 54%, followed by the envi-
ronment criterion with a weight of 30%. Therefore the second most important criterion then comes in
last position. The social criterion with a weight of 16% — is the criterion of less importance.

Approach based on the analysis of the eigenvalues

A matrix with positive values admits a largest eigenvalue (in modulus) A, that is unique

(of multiplicity 1) and positive real. The eigenvector corresponding to it is determined a multiplica-
tive factor close and its components have the same sign (Perron Frobenius theorem) [20]. For a
comparison matrix weakly incoherent Saaty proposes to adopt this eigenvector (associated

with A_ ) as an approximation of weight set to be searched. The eigenvector in question is normal-

max
ized so that the sum of its components equals to 1.
Let us resume our original matrix of judgments we note A (see Table 4):

1 2 3
A=|1/2 1 2
1/3 1/2 1

“4)
This matrix admits a largest eigenvalue is A, =3.0092 ~ 3. The corresponding eigenvec-
tor is: V = (0.8468, 0.4660, 0.2525). By normalizing the eigenvector we have: V, = (0.5396,
0.2970, 0.1634) or V,, = (0.54, 0.30, 0.16).
Thua, it is found that the two approaches led to the same result. It now remains to check the
consistency of the matrix of judgments. In our study, we use the approach, based on the analysis of
the eigenvalues - because it appears less constraining to us and fast.
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2.4. Checking the consistency of results.

Method AHP makes it possible to measure the coherence of the comparisons and the intui-
tive choices, made by the decision makers [21]. Among the methods, used to determine the
weights, AHP is the only one that allows such an audit to ensure that judgments made by the deci-
sion makers are not arbitrary. This approach is crucial since the experts can make mistakes in the
assessments. This is the reason why the coherence measure is critical to detect these types of errors,
which can greatly affect the results of the final analysis. The process of calculating the ratio of con-
sistency varies depending on the approach used.

Case where the normalization method is used

The first step of calculating the ratio of coherence involves taking the initial matrix of
judgments, i.e. that of the input data, and to multiply it by the vector priority (weights). It is then
necessary to make the total of the values for each line of the new matrix. The resulting vector of
this operation, i.e. consisting of the sum of each line, will be divided by the value of the priority
vector associated therewith. The mean of the elements of this last vector obtained is represented by

Amax (the greatest eigenvalue). All these operations are described by equations (2, 3 and 4).
We define the vectors [/1, /’Llﬂn] et [ﬂ,l...ﬂ,i...ﬂ,n] such that:

Z. A a a4 _aln |
A= | wx| ay [|=|wx| @ [+.+wx|a; |+.+w,X|a, (5)
k=1
ﬂ"n ank anl ani ann
and
2,
A =—. (6)
M/l.
Then we get:
A :{ ﬂ,l}/n. (7)
i=1
The consistency index [ C is then:
1C=(a_ —n)n-1), (8)

where n — number of criteria or sub-criteria considered.
To calculate the ratio of coherence index is divided by a consistency value [ A4 (index ran-
dom matrix of the same dimension) depending on the number of objectives given (Table 3).

RC = E C)
14
Table 3
Random table indexes [21]
3 4 5 6 7 8 9 10 11 12
0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.53

However, when the matrix is perfectly consistent, the maximum eigenvalue is equal to the
dimension:
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Apax =1 and 1 C =0. In the case of an incoherent matrix was, one has: A_, > n. The

overall consistency of assessment is assessed by the ratio of consistency R C . For Saaty, the value
of latter must be at least equal to 10% (tolerance threshold). In case this value exceeds 10%, the
appreciations may demand certain revisions. Table 4 indicates the ranges of values of acceptable
consistency ratio.

Table 4
Table ratios acceptable consistency [14]
Matrix size (n) 3 4 5 and >
Ratios acceptable consistency 0.05 0.08 0.10

Hllustrative example
Let us resume our original matrix of judgments. Table 5 allows to check the consistency of
judgments made by experts.

Table 5
Example checking the consistency of judgments
Criteria Economic | Environmental Social Weight [W] | [B]=[A]*[W] | [C]=[Bl/[W]
Economic 1 2 3 0.54 1.62 3
Environmental 1/2 1 2 0.89 0.89 2.97
Social 1/3 1/2 1 0.49 0.49 3.06
x= 9.03

Aax =9.03/3=3.01

IC =(3.01-3)/(3-1)=0.005

RC =0.005/0.58=0.0086

RC<0.1 — then the matrix of judgments is consistent.

2.5. Case where the approach based on the analysis of the eigenvalues used.

When this approach is used, we calculate directly the consistency index using relation (5)
then one goes back to the ratio of coherence by using the relation (6).

The AHP method has advantages that are worth highlighting. Indeed, the method is easy to
use. The consistency of the whole of the comparisons is checked. Moreover, software using this
method, exist: Expert Choice or MultCSync [24] for example. Lastly, it helps to understand the
complexity of the real world [4]. However this method is not without disadvantages. Indeed, the
choice of scale ranging from 1 (same important) to 9 (absolutely more important) is not justified
mathematically. Moreover, the comparison time increases more rapidly than the number of criteria:
equation (10) below shows the number of comparisons required Ncomp in Depending on number
of weight p to determine [6].

n! 1
=¥ =—XNnX —
Neony 2x(n-2) 2 nx(n=1) (10

3. Direct weighting. In the same manner it is possible to evaluate the performance of an
action on a criterion directly - the expert can fix directly the weight criteria. This is called «direct
weighting». This manner of making is less troublesome in this case, insofar as the weight does not
need to be justified. However, experience shows that the weights are defined as generally not cor-
respond to the meaning of the weights in the weighted average.

4. Fixed point scoring. The method of scoring grid, also better known by its original name
of «scoring method» is an approach often used in multicriteria analysis. It comes to assigned a rela-
tive to each of the evaluation criteria for a total of 100% and thereafter weight, write down all the
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possible options on each of the respective criteria. An ordinal scale previously set, allows the user
to scoring. The order of options is then obtained by calculating the weighted sum for each option
evaluated [2, 15]. The advantage of this method lies in its simplicity. Moreover, the attribution of a
more important weight to a criterion reduces the relative importance of another element. For cons,
the award of the relative weight of the criteria, is purely arbitrary, and the use of the ordinal scale in
to rate the criteria to prevents a relative comparison between the different options. As an example, a
score of 20 is not necessarily twice as good as 10 [9]. In a nutshell, this method is characterized by
the difficulty of understanding the overall complexity of reality.

5. Determination of weights in the MACBETH method. Method MAC-
BETH (Measuring Attractiveness by Categorial Based Evaluation Technique) was developed in the
middle of the 90s by Bana e Costa and Vansnick, (2005) [3]. It is supported by an M-MACBETH
software, developed by the authors of the method, which facilitates its usage. This method consists
in helping a scholar to build in an interactive way a multicriteria function of values of additive
form. To be done, she proposes, initially, to estimate for each criterion separately the marginal val-
ues of a set of actions on a scale from 0 to 100. These values are interpreted in terms of attractivity
of the actions. In fact, the decision maker compares all equity criteria in pairs, on a purely ordinal
scale of attractiveness. In a second step, the method proposes the same pattern of questions to com-
pare the criteria themselves and derive their weight. As we are finding, the MACBETH method
compares several steps and determination of weights is only one step. MACBETH allows to trans-
late the semantic stated judgments by a decision maker on a numerical scale. Let S be a finite set of
actions and G preference relations to measure the attractiveness between the elements of S
(Vx,yeS,xGy if and only if the adjudicator judges that x is more attractive thany ). The
MACBETH method is indeed an interactive procedure is to ask the maker to verbally judge the
difference of attractiveness between the two actionsx and ) of S (with xis more attractive

than ) ) using semantic categories with an ordinal scale (see Table 6).

Table 6
Degrees of attractiveness between alternatives
Level of attractiveness Difference in attractiveness Semantic scale (ko)
Cy Null ko=0
C Very weak k=1
C, Weak k,=2
C; Moderate k;=3
Cy Strong ks=4
Cs Very Strong ks=5
Cs Extreme Strong k¢=6

During this interactive process, a matrix of categorical judgments will be built. For exam-
ple, if the decision maker evaluates six shares A, B, C, D, E and F according to the quality criteria,
we will have a matrix like the one, shown below (see Table 7).

Table 7
Expert judgements for weight determination
Quality A B C D E F
A Null Weak Moderate Moderate Very Strong Extreme
B Null Weak Weak Very Strong Extreme
C Null Very Weak Strong Very
Strong
D Null Strong Very
Strong
E Null Moderate
F Null
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In Table 6, we see that MACBETH uses a 7-level scale: the intensity of preference may be:
«nully, «very weak», «weak», «moderate», «strongy», «very strong», «extremey». In case of insuffi-
cient knowledge, MACBETH expresses an ordinal preference denoted «P» or an unknown prefer-
ence, denoted «?». As part of this work, we present a simplified case of determining weights in
MACBETH.

One thus defines two reference levels for each of the criteria that will serve as anchors. The
first, called «neutral » or « acceptable » level, is a level of performance below which significant
research efforts should be made to allow the adoption of the solution. The second, called «good» or
«satisfactory» level, is a level of performance - beyond which research to improve the performance
of the solution, according to the criterion in question is no longer a priority. Using these reference
levels is central to this method because it provides a valuation model, giving both absolute informa-
tion (positioning solutions compared to baselines) and information relating (ranking solutions for
each criterion).

Either the matrix of comparison of a set of 3 criteria (see table 8).

Table 8
Expert judgements for weight determination
Good A B C Neutral

Good 0 P P P P
A 0 k, P P

B 0 k, P

C 0 ks
Neutral 0

From these preferences such ki (ki € {0, 1, 2, 3, 4, 5, 6}, it is possible to determine the
weights @, of different criteria.
Reading the matrix allows to write the following relations:

1-o, > 0
0, — o, = ak,
W, — 0, = oak,. (11)
o, -0 = ak,
o+o,+o, = 1

Where @, , @, , o, represent respectively the weights of the criteria A, B, C; & is a real co-

efficient, which allows to respect the boundaries of the criterion area (the interval [0, 1] in our
case); ki represents the strengths of preference. Note that the good situation and the neutral situa-
tion are associated respectively to the vector of elementary performance expression (1, 1, 1) and (0,
0, 0) — i.e., after normalization. Therefore, if we consider that these two situations are formed from
upper and lower bounds of quality attributes values, all other situations will be classified between
them. Thus A, B, C can be represented respectively by (1, 0, 0), (0, 1, 0) and (0, 0, 1). By reorgan-
izing equations (see system 11), we obtain the following result:
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a(k, +k, +k3)

0} =
, = a(k2+k3)
, = ok, . (12)
@, -0 = ok,
o+o,+0, = l=alk +2k +3k
1 2 3 1 2 3
In finding that:
S (13)
k +2k,+3k,
one has then: :
a):k,+k2+k3: k, +k, +k, (14)
‘ a ke + 2k, +3k,
o :k2+k3: k, +k, (15)
P a kg 42k 43k
o0, =5 i (16)

o  k+2k, +3k,

We can extend this reasoning to N criteria (or expressions of performance vectors) and in
this case, one obtains the coefficient o and the weights @, arranged by decreasing order thanks to
the following formulas:

k.
1 dw —oc*zn:k —;—J (17)
~ ¥k and @; = A
Jj= j =1 zj*kj
=1

Method MACBETH of comparison per pair allows to perform a comparison of alternatives —
determination of the weights is only one stage. This method is part of the most methods of used
analysis. With few exceptions, the MACBETH method has the same advantages and disadvantages as
the AHP method. But the big difference between these methods lies in the comparison mode. MAC-
BETH is based on a comparison by difference, for example «X is better of four points than Y».
Whereas for the AHP, the established user of the ratios between the options, for example « X is three
times more important than Y ». The MACBETH method allows to combine two types of information:
information on preferences, revealed by the decision maker; information on the importance of the
criteria and their interactions, restricted to pairs of criteria. Nevertheless, the method presents some
disadvantages: the scales of MACBETH method are not limited; in the method, the determination of
the constants of scale follows the same process as for the determination of the attractivity scales.

The methods of weighting are not limited to those, we have presented in this article. In the
literature there are others methods such as: expected value method [11]; tree of weightings [5];
method GRAMP; method based on the analysis of surfaces of equal global satisfaction [7] etc.

Conclusion. The methods of weights determination comprise the advantages and disadvan-
tage in their applications and differ according to the usage need. However, they allows the decision
maker all help to make a wise choice and better selection. Mindful not to have swept all methods of
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weights determination, this study will remain to deepen, possibly including other methods. The
objective is not to arrive at a single method that will solve all the problems, but rather to determine
a list of more appropriate methods for each problem. Then depending on the question that we are
facing, choose the method most appropriate. Finally, the main parameters, defining the usage of
one method over another are simplicity, usage clarity and adaptability. Also, the choice of a method
for determining weights must depend on experience feedback.
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O0ocHOBaHa aKTyaJIbHOCTh TEMBI CTaThH C MO3HIMI 00ECIIeUeHus! JOCTYITHOCTH M Ka4eCTBa Me[H-
LMHCKOW ITOMOIIM JUIs HAaceJeHUs. ABTOpaMU PacCMOTPEHBI OOIIME OCOOEHHOCTH NESTENbHOCTH Cepbl
3npaBooxpaHenus (C3) Poccun Ha COBpEMEHHOM JTalle COIHAIbHO-3KOHOMHYECKOTO DPa3BHTHS CTPAaHBI,
BKJT04as (hakTophl, O0YCIOBIMBAIOIIME KOHKYPEHIIUIO MEX/1Y MEAUIIMHCKIMU yapexxaeHusiMu (MY). [pen-
JIOKEHa KJIaCCU(UKALUS TSl nepapXxudeckux ypoBHed uHdopmaruzamu aiist C3. TlokazaHsl npeuMyiecTBa
KOMIUIEKCHOT'O TI0IX0/1a K MH(OPMAaTH3aIMU CTPaHBI B II€IOM, PETHOHOB, HACEJIEHHBIX MyHKTOB. OO0OCHOBA-
HBI OOBEKTHBHBIE Y CYOBEKTUBHBIE MPUYMHBI, TOPMO3SIIHUE MPOLIECCH] OCYIIECTBICHUs Takol HH(opMaTn3a-
1. [TogpoOHO paccMOTpEHSBI LeNu, HalpaBJIeHHs: U 0COOCHHOCTH MH(POPMATU3AIMY ACSTEIBHOCTH OT/IEIb-
HeIXx MY. HUcnons3yembiec B MY nporpammusie cpeactsa (I1C) pa3encHbl Ha ABE TPYIIIBLL: OOIIEro XapakTe-
pa ¥ CIelHMaIn3upOBaHHbIC, KOTOPBIE oTpaxkatoT crenuduky padorst MY. s IIC obmiero xapakrepa oxa-
paxkTepru30BaHbl THITUYHBIE Ui MY Kiacchl IPOrpaMMHOrO oOeclieueH s, CeNIaHbl OLEHKH HeoOXOIUMOMH
nH(pOPMaIMOHHO-KOMMYHUKAIIMOHHONW KOMIIETEHTHOCTH HMX ToJib30oBatened. [IpemnokeHa TpexypoBHeBas
uepapxuieckas CTpyKTypa s crneuuanmsupoBanubix [1C, npumensiembix B MY. TlogpoGHO paccMoTpeH
COCTaB MEIUIMHCKUX WH(POPMAIMOHHBIX CHCTEM B PAa3JIMYHBIX TUIAX MEAYYpEXIeHUH, nHpOopMalnnoHHbIE
B3aMMOCBSI3H MEXIy OTIEIbHBIMH KOMITOHEHTAMH TaKMX CHUCTeM. VccienoBaHbl pUCKH HMH()OPMAIMOHHOM
0€30IaCHOCTH IPU IKCIUTYaTalui TAaKUX CUCTEM, BO3MOXKHBIE MEPBI TI0 CHIDKEHUIO PUCKOB.

KnaroueBsbie cioBa: cdepa 37paBoOXpaHEHUs, KauecTBO MEIUIMHCKHX YCIYyr, WHPOpMaTH3AIUs,
YPOBHH, CTPYKTypa MPOTrPaMMHBIX CPEJICTB, MEIUIMHCKAE WH()OPMALMOHHBIE CUCTEMBI, HHPOPMaIMOHHAS
0€30I1aCHOCTh, BEICOKOTEXHOJIOrHYHAs MenoMonib, DICOM-ycrpoiicTBa, TeleMeIUIIMHCKUE TEXHOIOTHH
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