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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;  
DCG 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; 

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; 
WsRF is a Web services Relevance Function. 

 
NOMENCLATURE 

0E  is a global QoS criterion (preference) of the Web 
service; 

jE  is a j-th local QoS criterion of the Web service; 

kRCI  is a Rank Consistency Index of k-th MCDM 
method; 

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

21, WW  are the weights of CPA function; 
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jw  is the weight of  j-th local QoS criterion; 
α  is a degree of the andness parameter; 

jγ  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 

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: 
 

rr
nn

r EwEwE /1
110 )( ++= … , (1)

,10 ≤≤ jw  ∑ = =m
j jw1 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 MСDM 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 

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]. 

 

 

Figure 1 – The tree of the Web services quality attributes 
 
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 α . 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 
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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]. 

 

 
 

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 1W  and 

2W  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 1W  and 

2W  on penalties and rewards for the partial absorption 

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

( ) ( )[ ]{ } rrr xWyWxWWz
/1

2112 11 +−+−= , (2)
 
where 72.0−=r . 

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. 

 

 

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 

jx  of the input attribute 00 >∂∂ jxE , and the second 

derivative 02
0

2 <∂∂ jxE . 
 

 

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 jxE =0 . 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. Dujmović 
introduced the conjunctive coefficient of impact [5], 
which takes into account the shape of the sensitivity 
curve: 

 

(max)

1
0

(max) )(
200

j

jjjj
j

y

dxxfy ∫−
=γ , [%], (3)

 
where (max)

jy  is the maximum value of the output suit-
ability (maximum value of the output of the aggregator), 

)( jj xf  is the function of the sensitivity of the output 
suitability to a change in j -th input suitability (the value 
of the input attribute jx ). 

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): 

 
∑ γγ= j jjjw . (4)

 

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

i

i
i
SrelDCG

1 2 )1(log
)( , (5)

IDCG
DCGnDCG = , (6)

 
where n  is a number of Web service alternatives, 

)( iSrel 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): 

 

∑
−

=
⋅

−
=

1

1
,)1(

1 K

l
lkk tl

K
RCI , (7)

 
where K  is a number of compared MCDM methods, lkt ,  
is a total number of times when k -th MCDM method 
produced the same ranking as l  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 (S1–S7) 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 S1 S2 S3 S4 S5 S6 S7 

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 83 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 
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Table 4 – QoS criteria 

Alternatives ID 
Criteria S1 S2 S3 S4 S5 S6 S7 

Response Time 0.36 0.37 0.42 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 0.47 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 

services S1–S7 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. 

 

 

Figure 5 – Sensitivity curves for mandatory criteria 
 

 

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 )( ii xf , the functions of 
the methods sensitivity curves was used. The maximum 
value of output suitability is obviously iy  equal to 1 (see 
Fig. 4). 

 
Table 5 – Sensitivities of MCDM methods ( iγ , %) 

 
LS

P 

SA
W

 

A
H

P 

TO
PS

IS
 

V
IK

O
R

 

Response Time 71.04 23.61 6.62 36.07 23.61 
Throughput 12.010 3.99 2.04 14.92 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 52.33 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 

Service ID LS
P 

SA
W

 

A
H

P 

TO
PS

IS
 

V
IK

O
R

 

S1 3 2 2 2 3 
S2 6 7 7 7 6 
S3 2 3 3 3 2 
S4 5 4 4 4 5 
S5 4 5 5 6 4 
S6 1 1 1 1 1 
S7 7 6 6 5 7 

nDCG, [%] 100 98 98 98.4 99.7 
RCI 2.5 3.5 3.5 3.0 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 

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 list of QoS criteria for selecting Web services. 
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AНОТАЦІЯ 
Актуальність. Розглянуто задачу вибору вебсервісів за критеріями якості зі списку вебсервісів з однаковими або подіб-

ними функціональними характеристиками. Це завдання є невід’ємною частиною процесів пошуку, вибору, узгодження і 
використання таких вебсервісів в зв’язку з численними пропозиціями вебсервісів в Інтернеті. Розумний вибір необхідного 
вебсервісу може враховувати безліч вимог користувача до якісних характеристик, наприклад, часу відгуку, пропускної зда-
тності, надійності, вартості тощо. Така задача зазвичай формулюється як багатокритеріальна задача прийняття рішень, в 
якій параметрами є чинники якості вебсервісів і ступеню значущості параметрів якості. Об’єктом дослідження є процеси 
ранжування вебсервісів за допомогою методів MCDM з урахуванням переваг та вимог користувача до характеристик якості 
вебсервісів. Предмет дослідження – метод LSP, який крім ступеню важливості критеріїв, що використовується у всіх мето-
дах MCDM, моделює міркування користувача про якість, враховуючи, зокрема, такі характеристики критеріїв, як 
обов’язковість, достатність, бажаність, одночасність та взаємозамінюванність. Мета дослідження – розробити підхід для 
порівняння результатів використання методу LSP з іншими методами MCDM. 

Метод. Запропоновано метод обчислення ваг вхідних критеріїв, які не завжди задані явно в методі LSP. Для цього вико-
ристовуються коефіцієнти кон’юнктивного впливу, які обчислюються в результаті процедури аналізу чутливості узагальне-
ного критерію якості до змін вхідних критеріїв якості. Цей метод лежить в основі запропонованого підходу до порівняння 
ефективності методу LSP з іншими методами MCDM, який полягає в використанні отриманих ваг в якості ваг вхідних кри-
теріїв для MCDM методів. 

Результати. Розроблені метод і підхід було перевірено експериментально. В якості MCDM методів, з якими здійснюва-
лось порівняння метод LSP, використовувалися методи SAW, AHP, TOPSIS і VIKOR. Порівняння результатів ранжування 
вебсервісів цими методами з результатом ранжирування методом LSP підтвердило працездатність запропонованих методу 
та підходу. 

Висновки. З отриманих результатів порівняння методу LSP і розглянутих в даному дослідженні методів MCDM випли-
ває, що запропоновані метод і підхід забезпечують для цих методів рівнозначні з методом LSP вхідні умови, що є необхід-
ною умовою коректності порівняння методів MCDM. Використання запропонованого підходу дозволило дослідити чутли-
вості розглянутих методів MCDM. У практичному застосуванні даний підхід можна використовувати для вибору підходя-
щого MCDM методу. Запропонований метод може бути корисний для створення професійних систем оцінювання, коли не-
обхідно оцінювати важливість (ваги) десятків і сотень критеріїв якості. 

КЛЮЧОВІ СЛОВА: якість вебсервісу, метод логічного оцінювання вподобань, міри ранжування, SAW, AHP, 
TOPSIS, VIKOR.  
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AННОТАЦИЯ 
Актуальность. Рассмотрена задача выбора веб-сервисов по качественным характеристикам из списка веб-сервисов с 

одинаковыми или подобными функциональными характеристиками. Эта задача является неотъемлемой частью процессов 
поиска, выбора, согласования и использования таких веб-сервисов в связи с многочисленными предложениями веб-
сервисов в Интернете. Разумный выбор необходимого веб-сервиса может учитывать множество требований пользователя к 
качественным характеристикам, например, времени отклика, пропускной способности, надежности, стоимости и т. д. Такая 
задача обычно формулируется как задача MCDM, в которой параметрами являются факторы качества веб-сервисов и степе-
ни значимости параметров качества. Объектом исследования являются процессы ранжирования веб-сервисов с помощью 
методов MCDM с учетом предпочтений и требований пользователя к характеристикам качества веб-сервисов. Предмет ис-
следования – метод LSP, который помимо степени важности критериев, использующейся во всех методах MCDM, модели-
рует рассуждения пользователя о качестве, учитывая, в частности, такие характеристики критериев, как обязательность, 
достаточность, желательность, одновременность и взаимозаменяемость. Цель исследования – разработать подход для срав-
нения результатов использования метода LSP с другими методами MCDM. 

Метод. Предложен метод вычисления весов входных критериев, которые не всегда заданы явно в методе LSP. Для этого 
используются коэффициенты конъюнктивного влияния, которые вычисляются в результате процедуры анализа чувстви-
тельности обобщенного критерия качества к изменениям входных критериев качества. Этот метод лежит в основе предло-
женного подхода к сравнению эффективности метода LSP с другими методами MCDM, который заключается в использова-
нии полученных весов в качестве весов входных критериев для MCDM методов. 

Результаты. Разработанные метод и подход были проверены экспериментально. В качестве MCDM методов, c которы-
ми сравнивался метод LSP, использовались методы SAW, AHP, TOPSIS и VIKOR. Сравнение результатов ранжирования 
веб-сервисов этими методами с результатом ранжирования методом LSP подтвердило работоспособность предложенных 
метода и подхода.  

Выводы. Из полученных результатов сравнения метода LSP и рассмотренных в данном исследовании методов MCDM 
следует, что предложенные метод и подход обеспечивают для этих методов равнозначные с LSP входные условия, что явля-
ется необходимым условием корректности сравнения методов MCDM. Использование предложенного подхода позволило 
исследовать чувствительности рассмотренных методов MCDM. В практическом применении данный подход можно исполь-
зовать для выбора подходящего MCDM метода. Предложенный метод может быть полезен для создания профессиональных 
систем оценивания, когда необходимо оценивать важность (веса) десятков и сотен критериев качества. 

КЛЮЧЕВЫЕ СЛОВА: качество веб-сервиса, метод логического оценивания предпочтений, меры ранжирования, 
SAW, AHP, TOPSIS, VIKOR. 
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