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ABSTRACT

Context. The problem of QoS based Web service from the list of Web services with equal or similar functionality was consid-
ered. This task is an essential part of the processes of finding, discover, matching and using Web services on the Internet due to the
numerous offerings of Web services with equal or similar functionality. The reasonable selection of a suitable Web service takes into
account a lot of user’s quality requirements, such as response time, throughput, reliability, cost, etc. Such a task is usually formulated
as an MCDM problem, in which the parameters are the Web service quality factors and the importance degree of these factors. The
object of this research is a process of selection Web services using MCDM methods, taking into accounts the user’s preferences and
requirements to the Web service quality characteristics. The subject of the research is the LSP method, which, in addition to the de-
gree of importance of the criteria used in all MCDM methods, simulates the user’s reasoning about quality, taking into account, in
particular, such characteristics of the criteria as mandatory, sufficiency, desirability, simultaneity and substitutability.

Objective. The objective of the work is to develop an approach for comparing the result of using the LSP method with the results
of using other MCDM methods.

Method. A method for calculating the weights of input criteria that are not always explicitly specified in the LSP method was
proposed. For this, the conjunctive coefficients of impact are used, which are calculated as a result of the sensitivity analysis of the
Web service generalized quality criterion to changes the partial quality criteria. This method underlies the proposed approach to
comparing the efficiency of the LSP method with other MCDM methods, which consists of using the obtained weights as the weights
of the input criteria for the MCDM methods.

Results. The developed method and approach was verified experimentally. The Web service ranking produced by the LSP
method was compared with the ones produced by SAW, AHP, TOPSIS and VIKOR methods. This comparison confirmed the effi-
ciency of the proposed method and approach.

Conclusions. From the obtained results of comparing the LSP method and the MCDM methods considered in this study, it fol-
lows that the proposed method and approach provide the equivalent input conditions for these methods as for the LSP method, which
is a necessary condition for the correct comparison of MCDM methods. The use of the proposed approach made it possible to study
the sensitivities of the considered MCDM methods. In practical applications, this approach can be used to select a suitable MCDM
method. The proposed method can be useful for creating professional evaluation systems in which it is necessary to assess the impor-
tance (weights) of tens and hundreds of quality criteria.

KEYWORDS: quality of Web service, Logical Scoring of Preference method, ranking measure, SAW, AHP, TOPSIS,
VIKOR.

ABBREVIATIONS

AHP is an Analytic Hierarchy Process;

CPA/DPA is a Conjunction/Disjunction Partial Ab-
sorption;

DCQG is a Discounted Cumulative Gain;

ELECTRE is an ELimination Et Choice Translating
REality;

GCD is a Generalized Conjunction/Disjunction;

GL is a Graded Logic;

HPC/SPC is a Hard/Soft Partial Conjunction;

HPD/SPD is a Hard/Soft Partial Disjunction;

IDCG is an Ideal Discounted Cumulative Gain;

LSP is a Logical Scoring of Preference;

MCDM is a multi-criteria decision-making;

nDCG is a Normalized Discounted Cumulative Gain;

OWA is an Ordered Weighted Averaging;

QoS is a quality of service;

QUALIFLEX is a QUALItative FLEXible;

RCI is a Rank Consistency Index;
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SAW is a Simple Additive Weighting;

TOPSIS is a Technique for Order of Preference by
Similarity to Ideal Solution;

VIKOR is a VIse Kriterijumska Optimizacija Kom-
promisno Resenje;

WPM is a weighted power mean;

W5sREF is a Web services Relevance Function.

NOMENCLATURE
Ey is a global QoS criterion (preference) of the Web

service;
Ej is a j-th local QoS criterion of the Web service;
RCIly is a Rank Consistency Index of k-th MCDM

method;
r is a power in WPM function;
S; is an identifier of the i-th Web service alternative;

W, W, are the weights of CPA function;
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Wj is the weight of j-th local QoS criterion;

o is a degree of the andness parameter;
Yj Is a conjunctive coefficient of impact of the j-th

QoS local criterion.

INTRODUCTION

Every day people are faced with the problem of choos-
ing or selecting a subject and behavioural entities among
their possible alternatives. This also applies to the choice
of web services as they have become a part of people’s
daily life. For example, payment services, professional
and personal E-shopping and E-commerce services, postal
services, buying transport tickets services, booking a hotel
services, etc. The problem of selecting Web services
arises when creating and orchestrating composite services
that involve several separate (atomic) services. This prob-
lem in many cases is due to the fact that there are a large
number of services with the equal or similar functions, but
the consumer may have different requirements for the
quality characteristics of services, for instance, cost, re-
sponse time, throughput, security, availability, etc. Such
Web service characteristics are named non-functional
characteristics or QoS. Therefore, the problem of choice
is to select services suitable for the consumer QoS. This
problem usually is formulated as MCDM [1].

The object of study is a process of QoS-based rank-
ing Web services using MCDM methods.

There are many approaches to the selection of QoS-
based Web services selecting with MCDM methods.
However, these methods can produce different and even
inconsistent ranking results. Therefore, it is recommended
to compare and select the most appropriate methods de-
pending on the context of the selection process. For the
appropriate comparison of ranking methods, it is neces-
sary to provide similar conditions and initial data and this
process is also no simple task.

The subject of study is the LSP method, which al-
lows more thoroughly than other MCDM methods to se-
lect the Web service on the base QoS properties and
user’s preferences.

The purpose of the work is to develop an approach
that allows to correctly compare the results of Web ser-
vice ranking by the LSP method with the ranking results
of produced other MCDM methods.

Many popular MCDM methods are applied to the
QoS-driven Web service selection, for example SAW,
AHP, TOPSIS, VIKOR, ELECTRE, etc. A description of
these and many other MCDM methods can be found, for
example, in [2—4]. The LSP method [5] is different from
these methods. The main differences are as follows: first,
LSP takes into account user preferences more strictly
through the use of such characteristics as simultaneity and
substitutability of criteria; secondly, the use of composite
aggregating functions makes it possible to more carefully
aggregate small groups of criteria; third, the method al-
lows adjusting the relationship between mandatory, suffi-
cient and desirable criteria. The use of these criteria char-
acteristics by the LSP method, together with such human
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perception characteristics of importance and preference,
make it possible to more accurately evaluate the quality of
the selectable object and, respectively, to make a decision
close to optimal.

1 PROBLEM STATEMENT
The LSP method is based on GL, which is an exten-
sion of traditional logic [5, 6]. Although GL can be im-
plemented with different functions, the WPM is more
often used:

Eo = (WE] +...+W,EN", (1)

m
OSWJ' <1, szIWj =1.

In this function, the parameter r is used to express logical
relationships between criteria. The main logical relation-
ships between the criteria are set by the andness or orness
parameter. The andness degrees of gradations are pre-
sented in Table 1. The building of the criteria hierarchy is
used in the LSP. This hierarchy is designed to form
groups, subgroups and individual criteria, which are then,
aggregated using GL functions with different andness
values. The andness values are chosen depending on what
requirements are imposed on quality characteristics: man-
datory, sufficiency, desirability, as well as simultaneity
and substitutability.

The MCDM methods can produce different results
[7, 8]. It depends both on the aggregation function used in
the method, and on the normalization techniques, which
are needed in almost all MCDM methods. The LSP
method uses mainly WPM functions to aggregate criteria.
In addition, some criteria can be aggregated using the
partial absorption functions CPA and DPA. For these
functions, the weights of the input criteria are determined
using penalties and rewards that the user allows for de-
creasing or increasing the values of some criteria relative
to other criteria. Therefore, when building a composite
LSP aggregator, a complete list of criteria weights may be
missing.

To select the MCDM method for solving a specific
problem, it is important (recommended) [9] to compare
several methods with each other. Thus, the problem arises
of how to compare the effectiveness of the LSP method
with the effectiveness of other MCDM methods and how
to compare the provided by these methods ranking results
of the alternatives.

2 REVIEW OF THE LITERATURE

There are known many studies on the application of
MCDM methods for QoS based Web service selection,
e.g. AHP [1], SAW [10], WsRF [11], ELECTRE [12],
TOPSIS [13, 14]. In these studies, QoS preference is
mainly determined by assessing the importance of each
quality characteristic. This importance is usually repre-
sented as a normalized numeric value called weight. A
detailed survey of the Web service selection and MCDM
methods can be found in [15]. The application of the LSP
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method for QoS-based Web services ranking investigated
in [16-18].

In papers [17, 18], the LSP method applied for auto-
mated QoS-based dynamic evaluation and selection of
Web services. For this, the OWA method proposed by
R. Yager (see, e.g., [19]) was used to determine the
weights of the quality characteristics that are not manda-
tory. The disadvantage of this approach is that only one
aggregator is used that implements the CPA function.
This bounds the capabilities of the LSP method because
OWA does not support the models of simultaneity and
substitutability that are the significant feature of the LSP
method.

For conclusively decision making with the MCDM
method, it is recommended to compare the results ob-
tained by this method with the results produced by other
MCDM methods. The main described in the literature
methods for comparison of the MCDM methods can be
divided into methods comparison ranking sensitivities and
methods comparison consistency rankings by ranking
measures [20, 21]. The sensitivity analysis allows verify-
ing the MCDM method in terms of the correct method
parameters selection. The work [8] described an approach
for comparing the SAW and TOPSIS methods based on
the sensitivity of the ranking to the initial data and the
weights of the criteria.

In paper [7], the results of comparison of decisions ob-
tained by the TOPSIS, COPRAS, VIKOR and ELECTRE
methods presented. For this, an analysis of the sensitivity
of ratings to changes in criteria weight and methods con-
sistency to varying measurement scales and criteria for-
mulations used. In this work, one of the criteria for choos-
ing the most suitable MCDM method is the stability of
the produced by method rating to changes in the weight of
the criteria. This approach is applicable if the ranges of
the weights are known. In addition, taking into account
that weights are normalized, the change of one weight of
the input criteria requires the change of one or several
other weights. This makes it difficult to analyze the true
effect of each weight on the stability of the MCDM
method. The authors of [22] proposed a method for find-
ing new criterion weights when one of them is changed
and used it to study the sensitivity of the QUALIFLEX
and VIKOR methods on the weight variations.

In paper [8] the method and algorithm for statistically
sensitivity analysis of the TOPSIS method were proposed.
As the research result, the conclusion that the TOPSIS
method is sensitive to input criteria distribution and the
complying of the distributions of the TOPSIS criterion
values of alternatives with the input criteria distributions
was made. A significant computationally intensive may
be required for the practical application of this method.
Nevertheless, the applied approach can be useful for re-
searching other MCDM methods, especially for methods
in which it is difficult to clearly represent the causal rela-
tionship between the input values of the criteria and the
result of alternatives ranking.

The authors of [23] used the sensitivity analysis of the
VIKOR method to determine the stability solutions to the
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criteria weights change. The sets of weights were deter-
mined by repeating the process of applying the AHP
method and matrix of pairwise comparisons. The main
drawback of this approach is that can impact to decision
maker preference.

The integrated AHP-TOPSIS approach was proposed
in [24]. In this approach, the AHP method was applied to
determine the criteria weights and TOPSIS was adopted
to select the optimal alternatives. Sensitivity analysis was
performed by adjusting the weights obtained from the
AHP procedures. The disadvantage of this sensitivity
analysis is that it only aims to raise awareness among
project participants of the potential impact on solutions by
decision makers.

Summing up the works reviewed, it can be stated that
the investigation of sensitivity analysis of MCDM meth-
ods is actual. The results of MCDM methods depend not
only on the characteristics of the alternatives but also on
the MCDM method used [7]. In addition, there is no con-
sensus on how to determine the “quality” of the MCDM
method and the reliability of its result [23].

3 MATERIALS AND METHODS

In this paper, a method to compare the results of the
LSP method with other methods for QoS-based ranking
Web services was proposed. The main idea of this method
is to use the sensitivity of the LSP aggregation schema to
variations of Web service quality characteristics to calcu-
late the importance or weights of the input attributes for
traditional MCDM methods. Attribute weights are calcu-
lated by normalizing sensitivity values. To test this idea,
these weights were used as the input attribute weights in
SAW, AHP, TOPSIS and VIKOR methods. The obtained
ranking results were compared with the result of the LSP
method ranking using the nDCG and RCI measures.

To build the aggregating schema of the LSP method, a
tree of the Web services quality attributes was built. The
Web services quality attributes tree is shown in Fig. 1.
Formation of the criteria tree was carried out taking into
account the existing Web service QoS factors standard
[25], the dataset of the real Web services [26] and de-
scribed in detail in [27].

111 Response Time  —
112 Throughput — 1Service Level
Measurement

121 Availability
1221 Reliability —
1222 Successability —

211 Compliance —
2 Interoperability Quality Factors

212 Best Practices of Web Services

22 Documentation —

j 3 Security

Figure 1 — The tree of the Web services quality attributes

31 Authentication

32 Privacy

The synthesis of the LSP aggregation schema was
made taking into account the preferences of the “ordi-
nary” user of the Web service. For this, the GCD func-
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tions realized as WPM were used. The main parameters of
GCD functions shown in Table 1. The WPM functions
parameter r depends on the andness parameter o . The
andness degree for each function was determined based
on such requirements for quality attributes as mandatory,
optional, sufficiency, simultaneity and substitutability.
The mandatory type means that the requirement on qual-
ity characteristic is very important and must be satisfied.
The optional type means that the satisfaction of the re-
quirement on quality characteristic is desired, but not nec-
essary. The importance of each quality attribute is as-
signed using weight.

Table 1 — GCD functions

functions are given in special tables developed by J. Du-
jmovi¢ in [29]. The output value of this CPA aggregator
is determined by the formula (2):

7= {(I—Wz)[\/V1x+(I—W1)y]r +W2xr}1/r, 0)

wherer =—-0.72 .

As a result of the combination of WPM and CPA
functions and taking into account the criteria tree, the LSP
schema for the global aggregation of Web services quality
criteria was synthesized. The detailed procedure of LSP
aggregation schema synthesis explained in [30]. This ag-
gregation schema is shown in Fig. 3.

P=30 R=10

GCD Sym a r r,(n=2) | type
D D 0 r =+ +00 -
D+ | 1/16 20.36 g
D+ 1/8 9.521 a:‘—’
D+— 3/16 5.802 I~
HPD DA 12 2<r<+o 3929 2]
D—+ 5/16 2.792
D- 3/8 2.018
SPD D— 7/16 1<r<2 1.449 Tﬁv
A A 172 r=1 1 .%
C— 9/16 0.619 o
SPC o 53 O<r<l1 0261
C—+ 11/16 —0.148
CA 3/4 —0.72
HPC C+— 13/16 —0<r<0| —1.655 E
C+ 7/8 —3.51 =
C++ 15/16 -9.06 §
C C 1 r=-ow —0

In addition to the GCD functions, the LSP method us-
es the partial absorption aggregators CPA and DPA. The-
se aggregators are designed to aggregate criteria that are
of different types (mandatory, optional and sufficient).
For instance, the CPA function aggregates mandatory
criterion with optional criterion. This CPA function is
shown in Fig. 2 [28].

X

y

Figure 2 — An example of the CPA function

The input X of the CPA function in Fig. 2 is manda-
tory, and the input y is optional. The weights W; and

W, are determined on the so-called penalty and reward,

which are assigned by the user who selects the Web
service.

The penalty is the degree to which the user agrees to
reduce the aggregate satisfaction rate when a mandatory
input is partially satisfied and an optional input is not sat-
isfied. A reward is the degree to which a user wishes to
increase the aggregate degree of satisfaction if a manda-
tory input is partially satisfied and an optional input is
fully satisfied. The dependencies of the weights W, and

W, on penalties and rewards for the partial absorption
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P=50 R=25
kil
i i
1-#531 1-w!
2 — )z

Figure 3 — Aggregate schema

The sensitivity was defined by keeping fixed all input
attributes except one and then investigating the effects of
the selected input on the aggregation schema output.

Obviously, the quality of service will improve as any
of the quality attributes improve. For example, as the re-
sponse time decreases, overall satisfaction with the Web
service will increase. The response time attribute can be
critical for the “ordinary” user of the Web service. This
means that if the response time is longer than a certain
value, then the Web service may be rejected by the user.
In this case, the user’s satisfaction with the quality of
Web service monotonously changes from complete dissat-
isfaction to complete satisfaction. On the other hand, an
attribute such as throughput of the Web service may not
be a critical factor (rather, this factor is critical for the
Web service provider). In this case, increasing the
throughput improves the overall quality of Web service,
but the user can agree to some fixed minimum value for
this attribute. These cases of changes of the output suit-
ability to variation in critical (mandatory) and optional
attributes (input suitability) are shown in Fig. 4. The sen-
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sitivity curves in Fig. 4 are increasing concave functions
for which the first derivative with respect to the variable
Xj of the input attribute OE, /6X j >0, and the second

derivative 9°Eg/ox} <0.

1 . ; . . ;
e e e SRR e
oo A P
R S S S L S S G
2 o < LT
5 too s
B 0.6 e e
3 V2 R R
e
o 4 I 2 S S
VavANE I
0.2 oo gfmopprmmmmp oy
E/ E : E E E e—e—e Response Time
/ : | 1 : ! [o—o—o Throughput
0 f t f t t

Input suitability

Figure 4 — The shapes of conjunctive sensitivity curves for man-
datory and optional criteria

If all input attributes are fixed except one and are
maximum, then the maximum impact of the unfixed at-
tribute on the output is when Eq =X ;. For this case in

Fig. 4 corresponds to the dotted line. Sensitivity can be
interpreted as the ratio of the area above the sensitivity
curve to the area above the straight line of maximum im-
pact. To assess the sensitivity of the output of the LSP
aggregator to the input attribute variation, J. Dujmovié
introduced the conjunctive coefficient of impact [5],
which takes into account the shape of the sensitivity
curve:

1
v = [ Fi g

vj =200 2L %], 3)
Yi
where y%max) is the maximum value of the output suit-

ability (maximum value of the output of the aggregator),
fj(xj) is the function of the sensitivity of the output
suitability to a change in j -th input suitability (the value
of the input attribute Xj).

The effect of each input attribute on the output of the
aggregation schema in Fig. 3 is obtained experimentally,
and then conjunctive coefficients of impact are calculated

by formula (3). The input attribute weights are calculated
using the formula (4):

Wi=vj/2vi- e
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These weights of input attributes can be used for
SAW, AHP, TOPSIS, VIKOR methods in order to com-
pare the ranking results of these methods with the results
of ranking by the LSP method.

To evaluate the consistency of the ranking results by
the LSP method and listed above methods, the nDCG and
the RCI rank measures were used. The nDCG rank meas-
ure evaluate the degree of coincidence of the ranking re-
sults according to the positions of Web service alterna-
tives in the ratings [31]. For computing the values of the
nDCG of each MCDM methods, the following formulae
were used [32]:

n .
DCG = —rel(-S,) , (3)
i=llog2(|+l)
npcG = 2CC (6)
IDCG

where n is a number of Web service alternatives,
rel(Sj) is a relevance of Web service alternative at the i-

th position and the IDCG is the DCG of the rating pro-
duced by LSP method.

The RCI rank measure was used to evaluate the con-
sistency of the ranking result of each MCDM methods
with the ranking results of all considered MCDM meth-
ods. The RCI rank measure was introduced in [20], ap-
plied in [21] and modified in [33, 34]. The formula for
calculating the RCI is as follows (7):

K-1

Dty (7

RClj =——
K-1) =

where K is a number of compared MCDM methods, ty |

is a total number of times when k-th MCDM method
produced the same ranking as | other MCDM methods.

4 EXPERIMENTS

Based on the dataset [26] a list of 52 currently running
Web services with similar functionality was compiled for
a numerical experiment. Missing data, but needed accord-
ing to the attribute tree presented in Fig. 1, was generated
randomly. The method proposed in [1] was used to gener-
ate the values of the Authentication attribute. This method
evaluates the quality characteristics presented as an or-
dered list. To calculate the values of the Authentication
attribute, an ascending ordered list (Password, Certificate
Based Authentication, One Time Password, Access Key
Authentication, and Token Based Authentication) was
used. Further, Web services with dominated quality char-
acteristics vectors were excluded from the list of candi-
date Web services. As a result, a list of 7 Web service
candidates (S;—S;) for selection was formed. The values
of these quality characteristics are presented in Table 2.
The additional data of quality attributes, shown in Ta-
ble 3, include the value ranges of the input attributes, their
types and tendencies, which were used to build the LSP
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aggregation schema. The elementary quality criteria of the
Web services were calculated according to formulae (8)
and (9) and taking to account the values, bands and ten-
dencies of input quality attributes. The values of these
criteria is shown in Table 4. Formula (8) is used to calcu-
late criteria with a “benefit” tendency, which means that
the higher value of the quality attribute is better than the
lower one (for example throughput). Formula (9) is used
to calculate criteria with a “cost” tendency, which means
that the lower value of the quality attribute is better than
the higher one (for example, response time).

Table 2 — Quality attributes for Web services

Alternatives ID

Criteria S, S, S; S4 Ss Se S,
Response Time 114 | 113 | 108 | 132 | 120 | 100 | 140
Throughput 16.0| 10.0 | 12.0 | 20.0 | 17.0 | 21.0 | 23.0
Availability 86 91 89 33 98 88 75
Reliability 73 70 74 68 83 59 88
Successability 86 85 90 77 96 90 98
Compliance 89 78 92 81 85 88 80
Best Practices 84 83 93 80 90 66 86
Documentations | 60 62 90 89 72 52 95
Authentication 17 12 13 14 11 19 15
Privacy 1 0 1 1 0 1 0

Table 3 — Additional data for Quality attributes

QoS min | max type tendency
Response Time, ms 50 150 | mandatory | cost
Throughput, invokes/s 5 25 optional benefit
Availability, % 60 100 | mandatory | benefit
Reliability, % 40 100 | optional benefit
Successability, % 20 100 | optional benefit
Compliance, % 30 100 | mandatory | benefit
Best Practices, % 40 100 | mandatory | benefit
Documentations, % 20 100 | optional benefit
Authentication 2 20 mandatory | benefit
Privacy 0 1 optional benefit
. Xij _ Xgmln)
Ei (XJ ): max 0, min 1, m . (8)
x5 &
J J
(max) _ Xii
J 1]
E; (Xj ): max| 1, max| 0, ) (min) 9
¢ X) X(_mm)
J J
Table 4 — QoS criteria
Alternatives ID
Criteria S S, S; S, Ss Se S,
Response Time  [0.36| 037 | 042 | 0.18 | 0.30 | 0.50 | 0.10
Throughput 0.55] 0.25 | 0.35 | 0.75 | 0.60 | 0.80 | 0.90
Availability 0.65] 0.77 | 0.72 | 0.57 | 0.95 | 0.70 | 0.37
Reliability 0.55] 0.50 | 0.57 | 047 | 0.72 | 0.32 | 0.80
Successability 0.82] 0.81 | 0.87 | 0.71 | 0.95 | 0.87 | 0.97
Compliance 0.84] 0.69 | 0.89 | 0.73 | 0.78 | 0.83 | 0.71
Best Practices 0.73] 0.72 | 0.88 | 0.67 | 0.83 | 0.43 | 0.77
Documentations [ 0.50 | 0.52 | 0.87 | 0.86 | 0.65 | 0.40 | 0.94
Authentication 0.83] 0.56 | 0.61 | 0.67 | 0.50 | 0.94 | 0.72
Privacy 1 0 1 1 0 1 0

The QoS criteria presented in Table 4 were used as in-
puts for the LSP aggregation schema (Fig. 3). The Web
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services S;—S; ranks and LSP aggregation schema sensi-
tivities on changes of each criterion were obtained. Sensi-
tivity curves are shown in Fig. 5 and Fig. 6. Then the sen-
sitivity characteristics were used for calculating the
weights criteria according to formula (4). These criteria
weights are [0.236, 0.04, 0.162, 0.02, 0.034, 0.116, 0.128,
0.013, 0.174, 0.078].

In order to verify the proposed method, the values of
considered list of input quality attributes (Table 2) was
used to rank Web services by methods SAW, AHP,
TOPSIS and VIKOR. For this the weights obtained as a
result of calculating the sensitivity of the LSP aggregation
schema were used.
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Figure 6 — Sensitivity curves for optional criteria

The sensitivity analysis of the SAW, AHP, TOPSIS
and VIKOR methods was carried out similarly to the sen-
sitivity analysis of the LSP method.

5 RESULTS
Table 5 shows the sensitivities of the considered
MCDM methods to changes in each of the input attrib-
utes, as well as the average values of the sensitivity of
each method. The sensitivity was calculated in accordance
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with formula (3). As a function fj(X;), the functions of

the methods sensitivity curves was used. The maximum
value of output suitability is obviously y; equal to 1 (see
Fig. 4).

Table 5 — Sensitivities of MCDM methods ( yj , %)

z &

a = =} fff a

A0 S| 2| 2| &
Response Time 71.04 | 23.61 | 6.62 | 36.07 | 23.61

Throughput 12.010| 3.99 2.04 | 1492 | 3.99
Availability 48.61 | 16.16 | 3.32 | 20.74 | 16.16

Reliability 6.01 2.00 0.58 | 4.21 2.00

Successability 10.18 | 3.38 0.63 | 4.27 3.83
Compliance 34.88 | 11.59 | 1.53 | 9.97 11.59
Best Practices 38.38 | 12.76 | 3.26 | 20.33 | 12.76

Documentations 3.93 1.31 0.53 | 3.92 1.31
Authentication 5233 | 17.39 | 7.40 | 49.37 | 17.39
Privacy 23.52 | 7.082 | 7.41 | 49.90 | 7.082
Average 30.09 | 10.00 | 3.33 | 21.37 | 10.00

Table 6 presents the results of Web service rankings
obtained by MCDM methods and comparing these rank-
ings using the rank measures nDCG and RCI. As men-
tioned above, the LSP ranking was chosen as the ideal
ranking for the nDCG measure, since other methods use
weights derived from the LSP method. The obtained high
values of nDCG indicate that the SAW, AHP, TOPSIS
and VIKOR methods determined the ranks of Web ser-
vices in sufficient consistently with the LSP method. The
RCI indicators received average values (the maximum
indicator for these data is 7). This is since the considered
methods differ in ranking and normalization of the input
attributes techniques. These techniques can sufficiently
affect alternatives with the low overall quality criterion.
Nevertheless, the ranking results are quite consistent for
the Web services which took place in the first three posi-
tions in the rankings.

Table 6 — Ranks of Web services and evaluations of nDCG and
RCI measures

2 &
%) @)
5| 25|52
Service ID ~ i < = >
S 3 2 2 2 3
S, 6 7 7 7 6
S5 2 3 3 3 2
S, 5 4 4 4 5
S5 4 5 5 6 4
S 1 1 1 1 1
S; 7 6 6 5 7
nDCG, [%] 100 98 98 98.4 | 99.7
RCI 2.5 35 |35 |30 2.5
6 DISCUSSION

The comparison of the results of ranking by the LSP
method and the SAW, AHP, TOPSIS and VIKOR meth-
ods confirmed the possibility of using the weights ob-
tained from the LSP sensitivity analysis as the input at-
tributes weights for the SAW, AHP, TOPSIS and VIKOR

© Polska O. V., Kudermetov R. K., Shkarupylo V. V., 2021
DOI 10.15588/1607-3274-2021-2-14

methods. This indicates the efficiency of the proposed
method. At the same time, according to the average val-
ues of the method sensitivities to the input criteria
changes given in Table 5, it can be concluded that the
LSP method has a higher overall sensitivity and especially
to changes of mandatory criteria.

The develop a hierarchical tree of a set of input attrib-
utes for the LSP method facilitates to build the separate
aggregators for small groups of input attributes (usually 2
to 5) with flexible consideration of such requirements for
quality attributes as mandatory, sufficiency, optional, si-
multaneity and substitutability. These requirements are
further taken into account when synthesizing the general
aggregation schema. This approach makes it possible to
more thoroughly take into account the user’s preferences
when QoS-based selecting the Web services. As a result,
the mapping of the sensitivity of the general LSP aggrega-
tion schema to the input weights for other decision-
making methods turns out to be more accurate and the
decisions obtained by them are more relevant to the pref-
erences of decision-makers.

As follows from the publications analyzed in this
work, the problem of choosing the MCDM method is of
current interest and it is recommended when choosing one
to compare the results produced by several MCDM meth-
ods. Approaches to compare MCDM methods are con-
stantly evolving. The proposed method can supplement
already developed approaches for MCDM methods.

In many cases, for the considered MCDM methods,
the main method for determining the input attributes
weights is the AHP. Sometimes this method is used re-
peatedly to clarify the preferences of stakeholders or deci-
sion makers. The process of identifying user preferences
is most advanced in the LSP method. Therefore, the pro-
posed method, based on the determination of weights
from the results of sensitivity analysis, can also be used to
check or confirm the weights obtained by the AHP or
other methods. This can be especially useful if the number
of input attributes is a large.

CONCLUSIONS

In this work, the approach to comparing the effective-
ness of the LSP method with other MCDM methods has
been proposed.

The scientific novelty of this study is as follows:

— a method based on the LSP sensitivity analysis for
calculating input criteria weights has been developed.
These weights can be applied to other MCDM methods
when compared to the LSP method;

— a comparison of the sensitivity of the LSP method
with the sensitivity of SAW, AHP, TOPSIS and VIKOR
methods to changes in input attributes have been made;

— to compare the ratings produced by the LSP, SAW,
AHP, TOPSIS and VIKOR methods, the nDCG and RCI
measures have been used.

The practical significance of the results obtained is
that the developed method can be used to calculate the
weights of input attributes, and the proposed approach can
be used to verify the results of ranking alternatives, which
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may be necessary when choosing the most suitable
MCDM method.

Prospects for further research are the use of the

proposed approach and method for comparing the LSP
method with methods that do not have an explicit aggre-
gation function, for example, ELECTRE and expanding

the

10.

11.

12.

13.

14.

list of QoS criteria for selecting Web services.
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naxIa 10 BUBOPY BEBCEPBICIB 3A KPUTEPISIMU SIKOCTI
HA OCHOBI AHAJII3Y YYTJIMBOCTI METOAIB MCDM

Moascbka O. B. — crapmmii Bukiagad kadeapu KOMIT'IOTEPHUX CHCTEM Ta Mepexx HarioHansHOro yHiBepcHTeTy «3aropi3bka
MOJTITEXHiKay, 3anopixoks, YKpaiHa.

KynepmeroB P. K. — kann. TexH. Hayk, NOLEHT, 3aBigyBau KadeipH KOMIT'IOTEPHHUX CHUCTeM Ta Mepex HarioHansHOro
YHIBepCHUTETY «3aropi3bKa NONITeXHiKa», 3aN0pikKs, YKpaiHa.
HMkapynuao B. B. — kaHx. TexH. Hayk, IOLEHT, AOLEHT KadeIpu KOMII'IOTEpHHX CHCTeM Ta Mepex HauioHambHOTO

yHIBepcHUTETY OiopecypciB i mpupoaokopucTyBanHs Ykpainu, Kuis, Ykpaina.

AHOTAIIA

AxTyanbHicTh. Po3risaHyTo 3amady BuOOpy BeOCEpBICiB 3a KPUTEPIsSIMH SKOCTI 31 CIIMCKY BeOCEPBICiB 3 0HAKOBUMH a00 1ofi6-
HUMH (QYHKIIOHAIBHUMH XapaKkTepucTHkamH. Lle 3aBmaHHS € HeBin €MHOI0 YAaCTHHOIO IIPOIECIB IOUIyKY, BUOOPY, Y3TOKEHHS i
BUKOPUCTAHHS TaKUX BEOCEPBICIB B 3B’SI3KY 3 YMCJICHHHMH IpONO3uLisMu BeOcepsiciB B [HTepHeTi. Po3ymHumii Bubip HeoOXinHOTO
BeOcepBicy MOXKe BpaxoByBaTH 0e3J1i4 BUMOI KOPHCTyBava J0 SIKICHMX XapaKTEePUCTHK, HAIPUKIIA, 4acy BIATYKY, IPOITYCKHOI 3/1a-
THOCTI, HafilHOCTI, BapTOCTi Tomo. Taka 3amaya 3a3Bu4ail (OPMYJIIOETHCS SIK OaraTokpurtepiaibHa 3agada MPUHHATTS pillieHb, B
SIKI TTapaMeTpaMy € YHHHUKH SKOCTI BeOCEpBICIB i CTYICHIO 3HAYYI[OCTi HapamerpiB sikocTi. O6’€KTOM JOCHIIKECHHS € MPOLECH
pamKyBaHHs BeOcepBiciB 3a momoMoroto MetoaiB MCDM 3 ypaxyBaHHSM IepeBar Ta BUMOT KOPUCTyBaya JI0 XapaKTEPHUCTHK SIKOCT1
BeOcepiciB. [Ipeamer gocmimkenHs — metoq LSP, akuii kpiM CTymeHI0 BaXXKJIMBOCTI KPUTEPIiB, IO BUKOPUCTOBYETHCS Y BCIX METO-
nax MCDM, mopemoe MipKyBaHHS KOPHCTyBada IIpO SIKICTh, BPaxOBYIOUM, 30KpeMa, TaKi XapaKTEPUCTUKH KPHUTEpiiB, SK
000B’SI3KOBICTh, JTOCTATHICTh, Oa)KaHICTh, OJJHOYACHICTh Ta B3a€MO3aMiHIOBaHHICTh. MeTa JOCHIIKCHHS — PO3POOUTH MiIXiJ JUIs
MOPIBHSHHS pe3yNbTaTiB BUKopucTaHHs Meroxy LSP 3 inmmmu metogamu MCDM.

MeTona. 3aniponIOHOBaHO METO/ OOUMCIIEHHS Bar BXITHUX KPHUTEPIiB, sIKi HE 3aBxH 3aaaHi sBHO B Metoxi LSP. Jlns nporo BuKo-
PHUCTOBYIOTBCS KOC(IllIEHTH KOH FOHKTUBHOTO BIUIUBY, IKi OOYHCIIOIOTHCS B PE3ybTATI MPOLCAYPH aHANI3Y UyTIMBOCTI y3araibHe-
HOT'O KPHUTEPII0 SKOCTI 0 3MiH BXiIHHUX KpHUTEpiiB sikocTi. L{eil MeTox JexuTh B OCHOBI 3alIPOMIOHOBAHOIO MiJXOAY A0 HOPIBHIHHS
edexruBHocTi Metony LSP 3 inmmmu meronamu MCDM, sikuii nossirae B BAKOPUCTaHHI OTPUMAHUX Bar B SIKOCTI Bar BXiAHUX KPH-
TepiiB st MCDM wmetonis.

PesyabTaT. Po3pobneni MeTox i miaxia Oyio mepeBipeHo excnepuMeHTanbHo. B skocti MCDM MeToniB, 3 SKUMU 3H1HCHIOBA-
noch nopiBHsHEA Metox LSP, BukopucroByBammcs meronu SAW, AHP, TOPSIS i VIKOR. IopiBHSHHS pe3yJbTaTiB paHKyBaHHS
BeOCepBiCiB MMM METOJaMU 3 Pe3yIbTaTOM pamKUpyBaHHS MeToqoM LSP minTBepausio mpares3aTHiCTh 3alPOIIOHOBAHHX METOIY
Ta MIXOIy.

BucHoBKH. 3 OTpUMaHUX pe3yibTaTiB NOPiBHIHHS MeToxy LSP i po3rsiHyTHX B qaHoMy mociimpkeHHI metonis MCDM Bumm-
Ba€, 1110 3aMPOIOHOBAHI METO[ 1 MiaXija 3a0e3neuyoTh 1Uisl X METOIB piBHO3HA4HI 3 MeTogoM LSP BXiaHi yMoBH, 10 € HEOOXin-
HOI0 YMOBOIO KOPEKTHOCTI NMopiBHAHHA MeToiB MCDM. BUKOpHCTaHHS 3alpOIOHOBAHOTO MiJXOMY JO3BOJIMJIO JAOCHIAUTH YyTIIH-
BOCTI pO3rIsiHYyTHX MeTogiB MCDM. ¥V mpakTHYHOMY 3aCTOCYBaHHI JaHUH MiAXiX MOKHA BUKOPHUCTOBYBATH AJIsl BUOOPY MiAXOMAs-
moro MCDM wmetony. 3anponoHOBaHHK METOA MOKe OyTH KOPUCHHHU IS CTBOPEHHS MPO(ECiHHUX CUCTEM OLIHIOBAaHHS, KOJIU He-
00XiHO OIIIHIOBaTH Ba)KJIMBICTH (Baru) JECATKIB i COTCHb KPUTEPIIB IKOCTI.

KJIIOUYOBI CJIOBA: skicth BebGcepBicy, METOJ JIONYHOIO OI[HIOBaHHS BronoOanb, Mipu pamxkysands, SAW, AHP,
TOPSIS, VIKOR.
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YK 004.42
HoAXO0J K BbIBOPY BEB-CEPBUCOB IIO KPUTEPUAM KAYECTBA
HA OCHOBE AHAJIM3A YYBCTBUTEJIBHOCTH METOJOB MCDM
Hoabckas O. B. — crapmmii mpenogasarens Kagenpbl KOMIBIOTEPHBIX CHCTEM M ceTeii HammoHanmpHOTO yHHBEpCHTETa

«3amoposkcKas MOJUTEXHUKAY, 3alOpOKbE, Y KpanHa.

Kynepmertos P. K. — xann. TexH. Hayk, JOIEHT, 3aBelylomui Kadeapoil KOMIIBIOTEpHBIX CHCTeM M cereil HarponamsHOTO
YHHUBEPCUTETA «3al0POXKCKas IOJIUTEXHUKAY, 3aII0POKbE, YKpauHa.

IMkapynuao B. B. — kanxa. TexH. HayK, JOIEHT, JOLEHT KadeIpbl KOMIBIOTEPHBIX CUCTEM U ceTeil HanmonanbHOro yHUBEpCH-
TeTa OMOpecypcoB U MPUPOJOII0IIL30BaHus YKpanHbl, Kues, YkpanHa.

AHHOTALUA

AkTyanbHOCcTh. PaccMoTpena 3ajada BeIOOpa BeO-CEPBHCOB IO KaYECTBEHHBIM XapaKTEPUCTHKAM M3 CIIUCKAa BeO-CEPBHUCOB C
OJMHAKOBBIMH WM MOZOOHBIMU (pyHKIMOHANBPHBIMU XapaKTePUCTHKAMH. JTa 3ajada sSBISCTCS HEOThEMIIEMOH YacThIO MPOIECCOB
NIOUCKA, BBHIOOPA, COINIACOBAaHWS W HCIIOIB30BAHUS TAaKUX BEO-CEPBHCOB B CBS3M C MHOTOYHCICHHBIMH HPEIUIOKEHHSIMH BeO-
cepsucoB B MHTepHeTe. Pa3ymHEIil BBIOOp HEOOXOANMOTO BeO-CEpBHCa MOXKET YIUTHIBATH MHOXECTBO TPEOOBAHHHI MOIB30BATENS K
KaueCTBEHHBIM XapaKTePUCTHKAM, HallpuMep, BPEMEHH OTKJIMKA, IIPOITYCKHOM CIIOCOOHOCTH, HaJ@KHOCTH, CTOUMOCTH U T. 1. Takas
3aa4a 00bIuHO (hopmynupyercs kak 3agaua MCDM, B KOTOpO# mapaMeTpamH sIBJISIOTCS (paKTOpPhI KaueCcTBa BEO-CEPBUCOB U CTEIIC-
HU 3HAYUMOCTH NapaMeTpoB KauecTBa. OOBEKTOM MCCIENOBAHUS SBISIOTCSA MPOLECCH PAHXUPOBAHHS BEO-CEPBUCOB C MOMOIIBIO
metoz10B MCDM c¢ yueToMm mpearnoyTeHuid 1 TpeOOBaHUH MONb30BaTeNs K XapaKTepUCTHKaM KadecTBa BeO-cepBHCOB. IIpenmer uc-
ciepoBanus — Metol LSP, KOTOpEIil TOMHMO CTENEHH Ba)KHOCTH KPHUTEPUEB, HCHONB3YIomeiicsa Bo Bcex MeTogax MCDM, moxenu-
PyeT pacCyXIeHHs IIOJb30BaTeNs O KadeCTBE, YIWTHIBAs, B YACTHOCTH, TAKUE XAPAaKTEPUCTUKH KPUTEPHEB, KaKk 00SI3aTEIBHOCTD,
JOCTaTOYHOCTb, JKEIATeIbHOCTh, OJJHOBPEMEHHOCTh U B3aMMO3aMeHseMocCTh. Llens nccienoBanus — pa3paboTaTs HOAXOL IS CPaB-
HEHHMs Pe3yJIbTaTOB UCNOob30BaHus MeTona LSP ¢ npyrumu meronamu MCDM.

Metoa. IIpeioikeH METO BBIUMCICHUS BECOB BXOJHBIX KPUTEPUEB, KOTOpBIE HE BCeraa 3aaaHsl iBHO B Merone LSP. Jlins atoro
UCIIONB3YIOTCST KO (UIIMEHTH KOHBIOHKTHBHOI'O BIIMSHMS, KOTOPbIE BBIUMCISIIOTCS B Pe3yJbTaTe MPOLEIypbl aHAlM3a YyBCTBU-
TEBbHOCTH 0000IEHHOTO0 KPUTEPHs KaUueCTBa K U3MEHEHHUSIM BXOAHBIX KPHUTEPHEB KadecTBa. DTOT METOJ JIEXKUT B OCHOBE MPEIO-
JKEHHOTO MoJxoa K cpaBHeHUIo 3 dextuBHOCcTH MeTtoga LSP ¢ npyrumu merogamu MCDM, KOTOpBIHA 3aKI04aeTcs B UCIOJIb30Ba-
HUH TIOJy9E€HHBIX BECOB B KaU€CTBE BECOB BXOAHBIX KpuTepues 1t MCDM mertonos.

PesyabTaTsl. PazpaboTanHbie MeTO U OAXOM OBUTH MPOBEPEHHBI SKCIIepUMEeHTaNnbHO. B kauectBe MCDM MeTonoB, ¢ KOTOPBI-
Mu cpaBHuBaiuca Meton LSP, ucnons3oBamuce Meroasl SAW, AHP, TOPSIS u VIKOR. CpaBHeHue pe3ynbTaToOB paHKHPOBaHUS
Be0-CEpPBUCOB ATUMHU METOIAMH C PE3yJIbTaTOM pamkupoBaHHs MeTogoM LSP moarBepamio paGoTocnOCOOHOCTH MpEUIOKEHHBIX
METOZa U MOJX0/a.

BriBoabl. 113 nony4eHHbIX pe3ysbTaToB cpaBHeHUs MeTona LSP u paccMOTpeHHBIX B JaHHOM HcciieioBaHuU MeTofoB MCDM
CIIE/Iy €T, YTO IPEJIOKEHHBIE METOJT M II0/IX0]1 00ECIICUMBAIOT VISl 9THX METOIOB paBHO3HAa4YHbIEe ¢ LSP BXO/HBIE YCIIOBYS, YTO SBIIS-
eTcd HEOOXOIMMBIM YCIOBHEM KOPPEKTHOCTH cpaBHeHus MeronoB MCDM. Mcnonp30BaHue MPEAIORKEHHOTO MOAXO0AA MO3BOJIMIO
HCCIIeI0BAaTh YyBCTBUTENBHOCTH PaccMOTpeHHBIX MeTo 0B MCDM. B npakTtuueckoM NpuMEHEHUH AaHHBIH MOJXO0 MOXKHO UCIOJNb-
30BaTh I BeIOOpa noaxopsamero MCDM mertona. [IpennoskeHHBI METOI MOXKET OBITh MOJIE3€H ISl CO3IaHHA MPOQEeCCHOHATBHBIX
CHCTEM OIIEHHBAHNS, KOT/Ia HE0OXOMMO OIIEHUBAThH BaKHOCTH (BECa) AECATKOB M COTEH KPUTEPHEB KAIeCTBa.

KJIIOYEBBIE CJIOBA: kadecTBo BeO-cepBHCa, METO] JIOTHYECKOTO OLEHHWBAHUS IPEANOYTCHUH, MEphl PaHKHPOBAHUS,

SAW, AHP, TOPSIS, VIKOR.
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