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Abstract: In the modern information infrastructure, Web services have a very important role. Web
services are one of the main tools for information creation, delivery and processing in society and economic
life; for the formation and further evolution of the information space. Among the existing and constantly
growing number of Web services, in a natural objective way, there are many Web services with the same or
similar functional properties. This makes it possible to select among them such Web service that best
satisfies the consumer’s requirements and is most suitable to consumer’s preferences on quality
characteristics, for instance, cost, reliability, response time, etc. On the other hand, the consumer is not
always possible to decide which Web service is the best from his point of view, because Web service has
multiple quality characteristics. In this regard, many researchers formulate the problem of quality-based
Web service selection as a multi-criteria decision-making problem and integrate the facilities for the
decision-making into decision support systems. One of the methods of multi-criteria decision-making is the
Logic Scoring of Preference (LSP) method. Given the current trends in the transition from document-based
to model-based systems engineering, it is expedient to provide the design templates (meta-models or profiles)
for the decision-making support systems developers.

In this paper, a UML profile to design the quality-based Web service selection systems using the LSP
method was proposed. Standard UML extension mechanisms (stereotypes, tag value definitions, and
constraints) to capture the basic quality properties of the Web service and the rules of applying the LSP
method operators for this profile were used. The efficiency of the proposed profile by the examples of
modelling the LSP aggregators to aggregate the Web service quality characteristics was demonstrated. The
correctness of the models created using the proposed profile in the MagicDraw modelling environment was
verified.
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UML ITPOPUIb AJIS1 BUBOPY BEBCEPBICY 3A XAPAKTEPUCTUKAMM AKOCTI
3 BUKOPUCTAHHAM METOJY JIOTTYHOI'O OINIHIOBAHHS BIIOJIOBAHHA

Anomauia: Y cywacnii ingpopmayitniu ingppacmpyxmypi eedcepsicu sidicpaioms 0yoice BaiCIUBY
ponb. Bebcepsicu € 00num 3 0CHOBHUX THCMPYMEHMIE 05 CIMBOPEHHS, OOCMAsKU ma 06pooKu ingopmayii 6
CYCRIIbCMBI MA eKOHOMIYHOMY dcummi, Ons (opmy8aHHs ma NoOanbuiol esontoyii iHdopmayitinoco
npocmopy. Ceped icuyiouoi ma NOCMILHO 3POCMAioyoi KiitbKocmi 6ebcep6icie, npupooHo, € bazamo
sebcepsicie 3 00Haxosumu abo NoOibHUMU GYHKYIOHAIbHUMU eracmusocmamu. Lle O0ae moocausicmo
subpamu ceped HUXx makuii gebcepsic, AKull HauKpauwje 6i0N0GI0AE BUMO2AM CHONCUBAYA MA HAUOLIbL
nioxooums 3a 6NOO0DAHHAMU CHRONCUBAHA WOO00 SAKICHUX XAPAKMEPUCTNUK, HANPUKIA), 6apmochii,
HaOoIHOCMI, Hacy 8I02yKy mowo. 3 iHuo20 60Ky, CHONCUBAY He 3A8HCOU MOJICE SUpiUmMu, KUl 6ebcepsic €
HauKpawum 3 1020 MoyKu 30py, OCKiIbKY eebcepsic mac 6e3niy xapakmepucmux aKocmi. ¥ 36 ’s3Ky 3 yum
bacamo  OocnioHuxie  Gopmynoroms  npodremy  eubopy  8ebcepsicie  Ha  OCHO8I  AKOCMI  SIK
bacamoxpumepianvhy 3a0ayy APUUHAMMA pileHb ma [HmMespyioms 3acobu 015 NputHAmms pilieHb y
cucmemu niOMpumMKu nputiHAmms piwervb. OOHUM i3 Memodié bazamoxpumepiaibHo20 NPULHAMMA Pilletsb
€ Memoo J102iuH020 OYiHeaHHs enodobauwns (LSP). Bpaxosywouu cyuacui menOenyii nepexody 6io
iHoIcenepii cucmem HA OCHOBL OOKYMEHMI8 00 CUCIEMHOL THoICeHepil Ha OCHO8T Mooeell, OOYLTIbHO Hadamu
wabnonu npoekmysanus (memamooeni abo npoini) 0ns po3poOHUKIE cucmem NIOMPUMKU NPULHIINM
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piuteny.

Y yiii pobomi 6yno 3anpononosaro npogine UML Ona npoekmysanus cucmem ubopy eebcepsicie Ha
OCHOBI Xapaxmepucmux sKocmi 13 euxopucmanuam memody LSP. Bukxopucmosysanucy cmanoapmui
mexanizmu poswupenns UML (cmepeomunu, @usHayeHHs 3HAYEHb Me2i8 Ma 0OMedICeHHs) Oasl OXONIEHHS
OCHOBHUX 81ACMUBOCMElU AKOCMI 6eDCepsicy ma npasui 3acmocy8ants onepamopie memody LSP ons yvoco
npoinio. Ilpooemoncmpogano epexmusHicms 3anpONOHOBAHO20 NPOPINO HA APUKIAOAX MOOENHOEAHHS
aepecamopie LSP ons acpecysanmns xapaxmepucmux saxocmi eedcepsicy. Byno nepegipeno npasuibHicmv
MoOenell, CMEOPEHUX i3 BUKOPUCTNAHHAM 3ANPONOHOB8AHO20 NPOGino 6 cepedoguiyi MoOent08aHHs.
MagicDraw.

Kniouosi cnosa: yuigixosana mosa mooeniosanus, npo@ins, AKiCmMb 6eO-cepsicis, Jlociune
OYIHIOBAHHS BNOOODOAHHS.
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UML ITPOPUJIb J1JIAA BBIBOPA BEB-CEPBHUCA
IO XAPAKTEPUCTUKAM KAYECTBA C HCITOJIb3OBAHUEM
METOJA JIOTHYECKOHU ONEHKHU ITPEAITIOYTEHUA

Annomayun: B cospemennoti ungopmayuonnol ungpacmpykmype 6eb-cep8uchbl uspaiom ouyeHb
8adCHYI0 poNb. BebO-cepsuc aensiemcs 0OHUM U3 OCHOBHBIX UHCMPYMEHMOS OISl CO30aHUsl, OOCMAGKU U
obpabomku uHpopmayuu 6 obuecmee U IKOHOMUHECKOU IJICU3HU, O (popmuposanus u OanvbHeluel
9sooYUY UHpopMayuonno2o npocmpancmea. Cpedu cyuwecmayioue2o u pacmyuezo 4ucia 6e0-cepeucos,
ecmecmeento, ecib MHO20 8€0-CepaUCcO8 ¢ 0OUHAKOBGBIMU ULU NOOOOHBIMU PYHKYUOHATLHLIMU CEOUCMBEAMU.
Omo daem 603MONCHOCMb BbLIOPAMbL CPEOU HUX TAKOU 6e0-Cepsuc, KOMOpblil HAUTYHUUM 00pa3om
coomeemcmayem mpebo8anHuim nompeoumesns u Haubdoaee NoOXooum no NpeonoumeHusIM nompedumens
OMHOCUNENLHO KAYeCMBEHHbIX XAPAKMEPUCTIUK, HANPUMED, COUMOCUY, HAOEHCHOCMU, 8PeMeHU OMKIUKA
u momy nodobroe. C Opyeoii cmopoHvl, nompebumenb He 6ce20d MO}Cem peuwums, KaKou 6eb-cepsuc
AGNAEMCS IYYUWUM C €20 MOYKU 3PeHUs, NOCKOAbKY GeO-Cepsuc umeem MHONCECMEO XAapaKmepUucmuk
Kayecmea. B ceszu ¢ omum MmHocue uccredogamenu opmyaupyrom npobiemy ewloopa 8eb-cepsucos Ha
OCHOBe KAYecmea KaxK MHOZOKPUMEPUATbHYIO 3a0ayy NPUHAIMUS DeuleHull U UHmezpupyiom cpeocmea Oas
nNpuMAmMuUs  peweHuti 8  cucmemvl  noOOdepocku  npunamus  pewenuti.  OOHUM U3 Memodos
MHO2OKPUMEPUATILHO20 NPUHAMUS PeUeHUll 81emcs Memoo Jo2uieckol oyenku npeonoumenus (LSP).
Yuumwieas cospemennvie mendenyuu nepexooa Om UHICEHEPUU CUCTIEM HA OCHOBE OOKYMEHMO8 K
CUCIEMHOU UHIICEHEePUU HA OCHOGe MoOelel, YenecooopasHo npedocmasums wabioHbl NPOEKMUPOSanus
(MemamoOoenu uau npo@uiau) 0 paspadomuuUKo8 CUCmem NOOOEePHCKU NPUHSINUS PeULCHUIL.

B omoii pabome 6vin npednosicen npogpune UML ons npoexmuposanus cucmem 66l00pa 6e6-cepeucos
Ha OCHOB8e XApaxKmepucmux xaiecmed ¢ ucnoivzogavuem memooa LSP. Hcnonvzosanuce cmanoapmuule
mexanusmol pacuwupenus UML (cmepeomunsi, onpedenenus 3HaueHull me208 u 02paHuyenus) oas oxeama
OCHOBHBIX CBOUCME Kauecmed Geb-cepsuca u npaguil npumenenust onepamopos memooa LSP 0ns amozco
npoguns. Ilpodemoncmpuposana 3¢ghghexmusHocms npedoNceHH020 NPOPUILL HA NPUMEPAX MOOETUPOBAHUS
azpecamopog LSP ons  aecpecuposanus xapakmepucmux xasecmea 6eb-cepsuca. bviia npoeepena
NpasUIbLHOCMb MOOeell, CO30AHHBIX C UCNONb308AHUEM NPEDTIONCEHHO20 NPOPUIL 8 cpede MOOeTUPOBAHUS
MagicDraw.

Knwouesvie cnosa: yHupuyuposanuviii A3uIK MOO0EIUPOSAHUs, NPOQDUIL, KAYECMBO 6eO-CepauUcos,
JI02UYECKAsl OYeHKA NPeOnoUmeHus.

Introduction

There exist a large number of Web services with equal or similar functions on the Internet and
consumer can select one that appropriates to the needed for him functionality. However, the Web
service consumer may have different requirements for Web service quality characteristics, for
instance, cost, response time, throughput, security, availability, etc. These characteristics are usually
called Non-Functional Properties (NFPs) or Quality of Service (QoS) [1, 2, 3]. The problem of
selecting a Web service based on QoS can be formulated as the problem of multi-criteria decision
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making (MCDM) [4]. Many studies are devoted to QoS-based Web service selecting as the problem
of MCDM [5, 6, 7]. Several studies [8, 9] were devoted to solving this problem using the Logic
Scoring of Preference (LSP) method, proposed by J. Dujmovi¢ [10, 11]. The LSP method differs
from other MCDM methods in that it allows more subtly consideration of user preferences to
criteria (properties) by using the logic relations and conditions between properties of the object
under the selection. The list of these relations and conditions are ‘mandatory’, ‘sufficient’,
‘optional’, ‘simultaneity’ and ‘substitutability’. The use of these criteria characteristics together
with such human perception characteristics as properties 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.

The number of criteria and aggregation functions in the professional use of the LSP method
can reach several hundred. After building the hierarchical list of elementary criteria in the LSP
method, the process of constructing an aggregation schema for these criteria follows, taking into
account various logical conditions and user preferences. The aggregation of criteria done in a
stepwise way. Groups of logically related criteria are aggregated together, creating subsystems of
criteria. By repeating this process, the global criterion is obtained. This global criterion is an
indicator of the overall suitability of the selected object. Due to stepwise aggregation and the
possibility at each step to take into account the logical relationships between the criteria at each
step, such a process of building a general aggregation schema is in a sense adjustable. Thus, the
construction of a general schema for LSP aggregation in each specific case should follow certain
logic of aggregation of elementary criteria and subsystems of criteria, taking into account the
preferences of the decision maker. A problem of this kind with a large number of criteria cannot be
reliably solved intuitively. These circumstances served as the main motivation for beginning the
development of a UML profile, which, using stereotypes and associated with stereotypes tagged
values and constraints can help in modelling, building and verifying the LSP aggregation schemas.
This UML profile (called hereinafter QoSLSP profile) covers domain of the use of the LSP method
for QoS-based Web service selection.

1. Analysis of literature and problem statement

The general-purpose visual modelling language UML is the powerful tool for specifying and
documenting of the system’s artefacts while the model-driven complex system development,
verification and validation. Along with the UML universality, it has customization mechanisms for
modelling specific domains (for example, business processes or real-time systems) that may be
more appropriate. A set of UML extension mechanisms such as stereotypes, tag definitions, and
constraints for specializing model elements allow customized extensions of UML for particular
application domains. These UML extension mechanisms are grouped into a special package called a
UML profile. This profile can be embedded or imported and applied to the elements of the domain
model. A brief introduction to UML profiles and a discussion of the capabilities and benefits of
UML profiles can be found, for example, in [12]. In a systematic review of UML profiles [13] can
be seen the analysis of practical definitions and styles of the UML profiles.

Since the topic of Web service quality is relevant, many researchers are worked in the
development of Web service quality models. The foundational documents on Web services quality
are “Web Services Quality Factors Version 1.0” (WSQM) proposed by the consortium OASIS [14]
and specification “UML Profile for Modeling Quality of Service and Fault Tolerance
Characteristics and Mechanisms, v1.1” (QoS&FT) adopted by consortium OMG [15]. In WSQM
the Web service quality factors and sub-factors have been defined. The definitions of these factors
are very important for an unambiguous understanding of the Web service quality attributes by the
stakeholders. WSQM only considers the conceptual side of quality characteristics and divides them
into the business quality characteristics and the system quality one. At the QoS&FT specification, a
UML QoS profile has been proposed that contains the key stereotypes, tag definitions and
constraints needed to model the Web service quality attributes. This profile is very useful and is
applied by many researchers for Web Service quality modelling. In paper [16] the QoS&FT profile
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extended with concept and constructs from the proposed Quality-Value-Dependency-Priority
(QVDP) model. This extension introduced a class to express the rules that define priorities of the
quality characteristics for optimization when Web service is selected. In [17], the same authors
separated the QoS&FT profile to make an explicit distinction between the requirements of the
requester and the provider’s proposals regarding the quality characteristics of the Web service.
Thereon two quality models were used to select the best Web service using fuzzy multi-criteria
decision analysis. The comprehensive survey of Web service quality models and meta-models
(SQMM) was presented in [18]. The main conclusion of this fundamental work is that no SQMM
satisfies all the requirements, and this lack prevents the widespread use of SQMM in Web services
management systems. This conclusion must be the motivation for extending the existing SQMMs
and developing a new one. A UML profile for Modeling and Analysis of Real-Time and Embedded
systems (MARTE) issued by the OMG [19] has a powerful sub-profile QoS, which compliance
with the UML profile QoS&FT. The MARTE profile includes the BasicNFP_Types library with
data types for specifying the nonfunctional properties and mechanisms for define custom types.
These tools are quite applicable to specifying the QoS properties of Web services. The
disadvantages of MARTE are that there exist only a few tools supporting this profile and a large
specification (close to 800 pages), which can hold back potential users [20].

As a result of the literature review, it can be stated that there is no UML profile QoS-based
Web service selection using the LSP method.

A detailed description of the LSP method can be found in [11]. Here is provided only the
information required developing the UML QoSLSP profile. In the LSP method, aggregators such as
Graded Conjunction/Disjunction (GCD), Conjunction Partial Absorption (CPA) and Disjunction
Partial Absorption (DPA) are mainly used to aggregate criteria. The schemas of these aggregators
are shown in Fig. 1. The criteria to be aggregated are divided into three types: mandatory, sufficient
and optional. The mandatory criteria are the criteria that must be satisfied. The sufficient criteria are
the criteria that can completely satisfy the requirements regardless of the degrees of satisfaction of
other criteria. The optional criteria are desired criteria. GCD aggregators are used to aggregate
criteria of the same type. GCD aggregator is implemented using the weighted power mean (WPM)
function:

E=(WE] +...4+w,EN'"

0<w; <1, 3" w; =1,

where E is an output of GCD aggregator; E; is the j-th input criterion, w; is the weight of j-th

input criterion and the parameter » is a real number used to express logical relation between the
input criteria. The main logical relationships between the criteria are set by the andness parameter.
The values of andness, their corresponding » parameter values, symbols for designating GCD
aggregators, and the types of criteria aggregated by these aggregators are presented in Tab. 1.

Table 1
Symbols and parameters of GCD aggregators
andness Symbol of rm=2) | r, (m=3) Criterion
aggregator type
0 D +o0 +00
1/16 D++ 20.63 24.3
1/8 D+ 9.521 11.095 Sufficient
3/16 D+- 5.802 6.675
1/4 DA 3.929 4.45
5/16 D-+ 2.792 3.101
3/8 D- 2.018 2.187
7/16 D-- 1.449 1.519 Optional
1/2 A 1 1
9/16 C-- 0.619 0.573
5/8 C- 0.261 0.192
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11/16 C-+ -0.148 -0.208

3/4 CA -0.72 -0.732

13/16 C+- -1.655 -1.55

7/8 C+ -3.51 -3.114 Mandatory
15/16 C++ -9.06 -7.639

1 C —0 —0

To aggregate a mandatory criterion with an optional criterion, the CPA aggregator is used
(Fig. 1b). To aggregate a sufficient criterion with an optional criterion, the DPA aggregator is used
(Fig. 1c). The weights W1 and W> for CPA/DPA aggregators depend of penalty and reward, which
set the decision maker. The weights W and W can be determined from special tables, developed by
J. Dujmovi¢ [21]. Fragment of the table for determining W and W> weights for CPA aggregator,
composed of aggregators A and CA is shown in Tab. 2 [11].

Wi mandatory sufficient

X1 _ _ x X
o C|A a 3/jt (; -0.732) W, W, - -
2 4 1-W, ‘ 1-W, & . 1-W, ‘ 1-W, ‘ 2
e | ﬁptinnal o @ {ijtional o @
= a=1/2 a=3/4 a=12 a=1/4(r=4.45)
a) b) c)
Fig. 1. The main LSP aggregators examples: a) GCD, b) CPA, c) DPA
Table 2
Fragment of the table for W1 and W2 determining
/4] Penalty, %
/43 50 45 40 35 30 25 20
5 8 9.5 13 17.5 | 19.5 | 30.5 | 36
87.5 87 86.5 | 85.5 | 87 83 84
10 18 22.5 | 27 32.5 |40 495 | 61.5
X 73.5 72 71.5 | 70.5 | 68.5 | 65 58.5
'g 15 26 31.5 | 37 445 | 53 63 74
= 60.5 58.5 | 57.5]| 54 495 | 41.5 | 26.5
E‘Z 20 32.5 38.5 1445 | 53 62 71.5
48 455 | 42 37 29 16
25 37.5 44 51 59 67.5
37 33 28512151 10.5

The reviewed in this section UML profiles can be used to describe the QoS in Web service
selection problems solved by MCDM methods that have a simple aggregation function (for
example, Simple Additive Weighting method). Using the LSP method to QoS-based Web service
selection requires taking into account the strict logical relationships between the quality
characteristics and performing their stepwise hierarchical aggregation. A UML profile can help to
reduce logical errors in this process by fixing the main properties of QoS in tagged values and
impose constraints on relationships between them. In addition, the UML profile can provide
automatic verification of the developed QoS aggregation LSP schema when using suitable UML
modelling tools.

The purpose of this work is to develop a UML profile that allows creating ‘well-formed’
models for QoS-based Web service selection using the LSP method.

2. UML QoSLSP profile

The QoSLSP profile refers to the M2-level of a four-layer meta-modelling architecture, which
means the user’s model elements on M1 and MO levels can be instantiated via stereotyping. The
QoSLSP profile has been defined using standard extension mechanisms: stereotypes, tag definitions
and constraints. The proposed profile includes three main concepts of the domain area of the
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interest: QoS criterion, LSP aggregator and relationship between them. The first two are mapped as
the stereotypes, and the third is presented as an association between these stereotypes. Stereotypes,

main tag definitions and constraints of the QoSLSP profile are shown in Fig. 2.

«stereotype»
QoSCriterion
{self.value>=self.minValue
and self.value<=self.maxValue,
value must be normalized}

{ordered}
«stereotypex» aggregates criterion
Aggregator 2.
ID : Integer >
name : Aggregator_Kind <
«stereotype»

Aggregator_PA
{self.criterion->size()=2} N

penalty : Integer
reward : Integer
aggregator1 : Aggregator_Kind
aggregator2 : Aggregator_Kind

W1 : Real

W2 : Real
«stereotype»
Aggregator_CPA

{(self.criterion->at(1).type=Criterion_Type::Mandatory)
and (self.criterion->at(2).type=Criterion_Type::Optional),
self.penalty>self.reward}

«stereotype»
Aggregator_DPA
{(self.criterion->at(1).type=Criterion_Type::Sufficient)
and (self.criterion->at(2).type=Criterion_Type::Optional),
self.reward>self.penalty}

ID : Integer

name : String

type : Criterion_Type
tendency : Criterion_Tendency
weight : Integer

minValue : Real

maxValue : Real

src : Source_Kind

dimension : Dimension

value : Real

: criterionAsPart

0..1 groupedin

«stereotype»
QoSCategory

]

Type_Definitions

1

«validationSuite»

QoSLSP_Constraints

«stereotype»
Aggregator_GCD

{self.r<=-0.72 implies self.criterion->forAll(c:QoSCriterion | c.type=Criterion_Type::Mandatory),
(self.r>-0.72 and self.r<3.929) implies self.criterion->forAll(c:QoSCriterion | c.type=Criterion_Type::Optional),
self.r>=3.929 implies self.criterion->forAll(c:QoSCriterion | c.type=Criterion_Type::Sufficient),

self.criterion->size()<=5,
self.criterion.weight->sum()=100}

r: Real

Fig. 2. The QoSLSP stereotypes

The semantic peculiarities for three aggregator types are expressed through the tag definitions
and constraints and by the generalization relation (inheritance). The most general aggregator meta-
model is defined as the «Aggregator» stereotype, which has only two tag definitions: the ID tag
and the name tag. The ID tag has the Integer type. For the tag name the type is defined as the
enumeration «Aggregator Kind», which includes the enumeration literals denote all kinds of
aggregators (list of GCD type aggregators, CPA and DPA aggregators) (Fig. 3). The stereotype
«Aggregator» generalizes the properties of all aggregators.
«Aggregator PA» (Partition Absorption) generalizes the properties of the CPA and DPA

aggregators. This stereotype has the following tags:

— Penalty and Reward tags specify the penalty and reward, consequently;
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— aggregatorl and aggregator?2 tags must be used to indicate which aggregator kinds
form the CPA or DPA aggregators (Fig. 1b, Ic);

— W1 and W2 tags specify the weights W1 and W, which the user determines from penalty and
reward values (e.g. from Tab. 1.).

«enumeration» «enumeration» «enumeration»
Criterion_Type Source_Kind Aggregator_Kind
Mandatory meas D++
Optional eval D+
Sufficient calc D+-
DA
D-+
«enumeration» «enumeration» D-
Criterion_Tendency Dimension E
benefit [invokes/s] C=
cost [ms] C-
[%] C-+
CA
C+-
C+
C++
CPA
DPA

Fig. 3. The QoSLSP type definitions

In the model, the user can use Penalty and Reward tags as the work tags, then W1 and W2
tags can be used only for informational purposes or not at all. Similarly, if the user already knows
the W1 and W, weights then he can use the W1 and W2 tags as the main ones, and the Penalty and
Reward tags as informative.

In QoSLSP profile the set of constraints associated to stereotypes are defined. The constraints
impose the restrictions on the meta-model elements and help to create a ‘well-formed’ model,
which can be verified by appropriate UML modelling tools. For this purpose, the QoSLSP profile
constraints have been expressed in Object Constraint Language (OCL) [22, 23]. For example, the
«Aggregator PAx» stereotype has constraint which restricts the number of inputs (input criteria)
for CPA and DPA aggregators. The OCL expression for this constraint can be written as
{self.critrion->size()=2}.

The stereotypes «Aggregator CPA» and «Aggregator DPA» inherit all the properties
of the main stereotype «Aggregator» and auxiliary stereotype «Aggregator PAx,i.e. the tag
definitions and the constraints. These stereotypes only impose additional restrictions on the input
criteria characteristics and the values of defined by user the penalty and the reward. So, according to
the CPA aggregator definition and the Tab. 1, its first input criterion must be criterion of mandatory
type, the second criterion must be optional type, and the penalty value must be greater than the
reward value. For the DPA aggregator first input criterion must be sufficient type, second criterion
must be optional type, and the reward must be greater than the penalty.

The «Aggregator GCD» stereotype is a direct inheritor to the «Aggregator»
stereotype. The GCD aggregator is recommended to use only for aggregating the same type criteria.
The GCD aggregator kind is determined by the andness value, which sets the value of the parameter
r for the WPM function. In this regard, with the «Aggregator GCDx» stereotype the
corresponding constraints are associated that restrict the possible types of input criteria depending
on the parameter » value ranges. If the parameter 7 is less or equal to —0.72, then types of all input
criteria must be ‘mandatory’. If the parameter » is greater or equal to 3.929, then types of all input
criteria must be ‘sufficient’. If the parameter r is greater than —0.72 and less than 3.929, then types
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of all input criteria must be ‘optional’. The stereotype «Aggregator GCDx» is also associated
with the constraints requiring the sum of criteria weights must be equal to 100 and the number of
input criteria must be less or equal to 5. The last constraint is in a sense arbitrary and the user can
change the allowed number of input criteria in the constraint text. Nevertheless, many studies have
shown that the number of characteristics evaluated simultaneously depends on the experience and
professionalism of the evaluator. And to obtain the relevant assessments about the evaluated
characteristics, it is recommended to evaluate no more than 5-7 characteristics at the same time.

Another basic stereotype of the QoSLSP profile is the «QoSCriterion» stereotype. It
includes required and informative tags that characterize the QoS criteria. Descriptions of the
«QoSCriterion» stereotype tags are presented in Table 3.

Table 3
Tags of «QosCriterion» stereotype
Tag Type Remarks
ID Integer Required
name String Informative
type «Criterion Type» Required. Refers to enumerated literals
Mandatory, Sufficient, Optional
tendency «Criterion Tendency» | Informative. The criterion tendency can be

either benefit or cost. ‘Benefit’
tendency means that higher value of the
criterion is better than the lower one (e.g.
throughput). ‘Cost’ tendency means the
lower value of criterion is better than higher
one.

weight Integer Weight must be greater than 0 and less than
100. If the criteria aggregated by the GCD
aggregator then weight is required and is not
used otherwise.

minValue, |Real Required/Informative. These tagged values

maxValue are used for normalizing the value of the
criterion.

src «Source_Kind» Informative. Enumerated literal meas

means that the criterion value is obtained by
measuring, eval — by evaluation and calc

— by calculating.
deimension | «Dimension» Informative. This tag specifies the
dimension unit of the criterion value.
value Real Required/Informative.

Sometimes the QoS criteria need to be grouped into QoS categories — composite criterion
made up of multiple criteria. For this purpose, the QoSLSP profile provides for the
«QoSCategory» stereotype. This stereotype is associated with the «QoSCriterion»
stereotype by the aggregation relation. Since the composite criterion is also a criterion, the
«QoSCategory» stereotype inherits all the properties of the «QoSCriterion» stereotype.

Here there is a need to clarify the use of the «QoSCriterion» stereotype. Depending on
the purpose and stage of modelling, the «QoSCriterion» stereotype can be used for UML
modelling of both a QoS input attribute of LSP aggregators and for modelling an QoS criterion. The
difference is that the value of the QoS input attribute is not normalized, and the QoS criterion value
is normalized. If the «QoSCriterion» stereotype is used to stereotyping the QoS attribute
modelling element, then it is assumed that the tagged value ‘value’ should be normalized and
tagged values minvValue and maxValue are required. If the «QoSCriterion» stereotype is
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used to stereotyping the QoS criterion modelling element, then it is assumed that the tagged value
‘value’ is normalized and tagged values ‘value’, minValue and maxValue are informative.

The «Aggregator» stereotype and therefore all of its child stereotypes inherit the
properties of the «QoSCriterion» stereotype. This relationship is necessary because the output
of an aggregator can be one of the inputs of another aggregator. The stereotypes «Aggregator»
and «QoSCriterion» are connected by the association relationship. The role criterion of
this association has the multiplicity 2. .* and imposed standard UML constraint {ordered}.
This constraint required because the input criteria for CPA and DPA aggregators must be ordered:
the first criterion must be mandatory (for CPA aggregator) or sufficient (for DPA aggregator); the
second criterion must be optional.

3. Application of the QoSLSP profile

This section demonstrates an application of the QoSLSP profile for modelling a complex LSP
aggregator. To synthesize the aggregation schema of the LSP method, a hierarchical tree of the Web
service quality attributes was used. This tree is shown in Fig. 4. The formation of the criteria tree
was carried out taking into account the existing standard of quality factors for Web services [14]
and a dataset of quality characteristics of real Web services [24]. The rationale for choosing the
Web services quality attributes and the hierarchical tree formation procedure was described in [25].

111 Response Time (M) —l
11 (M
” 11.(M)

112 Throughput (O)

e Auatatity Moasarement

1221 Reliability (0) T o122 | 12wy 1wy

1222 Successability (O)
211 Compliance (M) —_—
212 Best Practices (M) 1M Interoperability
2 (M)
22 Documentation (O)
31 Authentication (M) — Security Quality of .the
3(M) Web Service

32 Privacy (O)

Fig. 4. The tree of the Web service quality attributes, M — mandatory, O — optional

The modelled composite aggregation schema is shown in Fig. 5. To synthesize this
aggregation schema, it is necessary to select the appropriate aggregation functions for each group of
the quality attribute tree according to Tab. 1. So, to aggregate the mandatory attributes, the
decision-maker should determine the degree of simultaneity of these criteria. In this case, the
andness degree should be in the range from 3/4 to 15/16. For instance, if the operation C+- was
chosen then a parameter » of the WPM function equal to -1.655. Then the decision-maker should
determine the relative importance of the aggregated attributes, i.e. their weights. Similarly, for the
aggregation of optional attributes, it needs to choose the andness degree in the range from 5/16 to
11/16, select the GCD aggregator and assign the weights of the aggregated attributes. To aggregate
the mandatory attribute with the optional attribute the CPA function is used. To do this, you need to
select two GCD aggregators (see Fig. 1b) and the corresponding penalty and reward. Aggregation
schema synthesis modelled in this work described in detail in [25]. Other examples of composite
aggregation schema building can be found in [11, 26].
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Fig. 5. The composite aggregation schema

Figure 6 shows how the stereotype «QoSCriterion» may be applied to define the
attributes of the WebService class. WebService class attributes, which are Web service quality
characteristics, are stereotyped (marked) by the «QoSCriterion» and «QoSCategory»
stereotypes. This means that each of the WebService class attributes has associated tagged values
specified by the tag definitions belonging to the «QoSCriterion» stereotype. Using these
tagged values, a developer can set the values of quality attributes common to all instances of the
WebService class, and using constraints to control whether the tagged values of class instances
are satisfied to conditions imposed.

WebService

«QoSCriterion»ResponseTime : Real{ID = 111, dimension = [ms], maxValue = 150.0,

minValue = 50.0, src = meas, tendency = cost, type = Mandatory}
«QoSCriterion»Throughput : Real{ID = 112, dimension = [invokes/s], maxValue = 25.0,

minValue = 5.0, src = meas, tendency = benefit, type = Optional}
«QoSCriterion»Availability : Real{ID = 121, dimension = [%], maxValue = 100.0,

minValue = 60.0, src = eval, tendency = benefit, type = Mandatory}
«QoSCriterion»Reliability : Real{ID = 1221, dimension = [%], maxValue = 100.0,

minValue = 40.0, src = eval, tendency = benefit, type = Optional, weight = 40}
«QoSCriterion»Successability : Real{ID = 1222, dimension = [%], maxValue = 100.0,

minValue = 20.0, src = eval, tendency = benefit, type = Optional, weight = 60}
«QoSCriterion»Compliance : Real{ID = 211, dimension = [%], maxValue = 100.0,

minValue = 30.0, src = eval, tendency = benefit, type = Mandatory, weight = 45}
«QoSCriterion»BestPractices : Real{ID = 212, dimension = [%], maxValue = 100.0,

minValue = 40.0, src = eval, tendency = benefit, type = Mandatory, weight = 55}
«QoSCriterion»Documentation : Real{ID = 22, dimension = [%], maxValue = 100.0,

minValue = 20.0, src = eval, tendency = benefit, type = Optional}
«QoSCategory»Authentication : Real{ID = 31, maxValue = 6.0,

minValue = 1.0, src = calc, tendency = benefit, type = Mandatory}
«QoSCriterion»Privacy : Real{ID = 32, maxValue = 1.0,

minValue = 0.0, src = eval, tendency = benefit, type = Optional}

+serviceFunction( message : String ) : Integer

Fig. 6. The WebService class with stereotyped attributes
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Figure 7 shows how the «QoSCriterion» and «QoSCategory» stereotypes may be
used to modelling the complicated quality attribute of Web service. If a certain quality attribute is
formed as a function of several elementary attributes, the QoSLSP profile allows one to model such
a category, which, inheriting the properties of the QoS criterion, can be further used as an ordinary
quality attribute.

«QoSCriterion»
PasswordAuthentication
{groupedIn = Authentication,
tendency = benefit,
type = Mandatory,

value = 1.0,
weight = 17}

«QoSCriterion» «QoSCategory»
CertificateAuthentication Authentication
{groupedIn = Authentication, {criterionAsPart = CertificateAuthentication,
tendency = benefit, PasswordAuthentication,
type = Mandatory, TokenAuthentication,
value = 1.0, ID =31,
weight = 34} maxValue = 6.0,

minValue = 1.0,
src = calc,

«QoSCriterion» tendency = benefit,

TokenAuthentication type = Mandatory,
{groupedIn = Authentication, value = 6.0}

tendency = benefit,
type = Mandatory,
value = 1.0,
weight = 50}

Fig. 7. An example of modelling a category of quality attributes

Figure 8 shows a diagram of modelling the part of the LSP aggregation schema shown in
Fig. 5. ‘Reliability’ and ‘Successability’ criteria are both optional, so they must be aggregated by
one of the GCD aggregators. In this case, the aggregator C-- is used, this aggregator may be realized
by WPM function with the parameter » = 0.619. The result of this aggregation has, in turn, all the
properties of the QoS criterion, and the type of this criterion is also optional. To aggregate this
result with the mandatory criterion ‘Availability’ the CPA aggregator must be applied. To
implement this CPA aggregator the GCD aggregators A and CA are chosen. The penalty and
reward for this CPA aggregator are set (50:25) and according to Tab. 2, the weights W1 and W2 are
set. The correctness of the UML and QoSLSP profile applying for modelling aggregation schemas,
fulfilment of UML general constraints and QoSLSP profile constraints was verified in the
MagicDraw modelling tool. To verifying the LSP aggregation schemas models for compliance with
the QoSLSP profile constraints, a rule package QoSLSP Constraints was created, which contains
the references to all OCL constraints of the QoSLSP profile.
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«QoSCriterion»
Availability

{aggregates = Aggregator12,
dimension = [%],
ID =121,
maxValue = 100.0,
minValue = 60.0,
SIC = meas,
tendency = benefit,
type = Mandatory,
value = 91.0}

«QoSCriterion»
Reliability
{aggregates = Aggregator122,
dimension = [%],

ID = 1221,

«Aggregator_GCD»
Aggregator122

{aggregates = Aggregator12,

criterion = Reliability,
Successability,

«Aggregator_CPA»
Aggregator12
{aggregator1 = A,
aggregator2 = CA,
criterion = Availability,

maxValue = 100.0, ID =122, Aggregator122,
minValue = 40.0, name = C--, penalty = 50,
src = eval, r=0.619} reward = 25,
tendency = benefit, W1 = 37.5,
type = Optional, W2 = 37.0}
value = 70.0,
weight = 40}

«QoSCriterion»

Successability
{aggregates = Aggregator122,
dimension = [%],

ID =1222,
maxValue = 100.0,
minValue = 20.0,
src = eval,
tendency = benefit,
type = Optional,
value = 85.0,
weight = 60}

Fig. 8. An example of modelling the part of the LSP aggregation schema

4. Discussion

As can be seen from the modelling results (Figs. 6, 7, 8), the proposed QoSLSP profile
enables customize UML for the model-driven synthesis of complicated LSP aggregators. The
profile takes into account key aspects of the Web service selection process using the LSP method.
The profile includes the definitions of key tags required by both the Web service quality concept
and the LSP method that uses these tags to a logical score of preference. These include such tags for
representing quality characteristics as relative importance, the requirement to criteria simultaneity
or the enabling of criteria substitutability (weight, mandatory, sufficient and optional requirements).
They also include characteristics that can be used for other MCDM methods (weight, value, ranges
of value, tendency and dimensions). With the help of OCL constraints imposed on the types of
input aggregated criteria, the issue of control over the correct use of LSP aggregators is solved. This
ensures that extreme combinations such as joint aggregation of the criteria different types using
GCD functions, high andness and optional input criteria or low andness and mandatory input
criteria are avoided. These extreme combinations may arise with the decision maker’s insufficient
experience with the LSP method. Given the simplicity of implementation, the QoSLSP profile can
be easily supplemented with new tags and constraints or even is used as a base for developing new
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LSP-oriented profiles, for instance, for modelling families of the Uniform GCD aggregators
(UGCD) and General GCD aggregators [11], because the current QoSLSP profile version is
intended only for modelling of the WPM. 17 aggregators, which have medium granulated andness.

Conclusions

The QoS-based Web service selection remains in the interest of many researchers, as
evidenced by numerous scientific publications. The issues of further formalization and clarification
of the concepts of Web service qualitative characteristics are urgent. The development of the
patterns, meta-models and profiles for modelling both the Web service quality attributes and the
procedures for their assessment can provide great support in solving issues on this topic. In this
context, the contribution of modelling languages such as UML and its profiles can be significant.

In this work, a UML profile QoSLSP for modelling the QoS-based Web service selection
using the LSP method was developed. The results of this profile verification showed that this
profile produces reasonably accurate models of Web service QoS criteria and LSP aggregators.

The scientific novelty of this work is that the QoSLSP profile covers simultaneously both the
Web service quality characteristics and the LSP method aggregators for evaluating these
characteristics. Such profile was proposed for the first time judging by the publications authors are
aware of.

Prospects for further research are expanding the capabilities of the QoSLSP profile by using
the BasicNFP_Types library of the UML MARTE profile and the stereotype «Requirement» of
the UML profile SysML [27] to manage Web service quality requirements.
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