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Abstract. Scientific workflows are based on Web-, Grid- and Cloud services. Creating the workflow, the
problem of services search, ranking and selection among the functionally similar ones arises, driven by the
non-functional properties. In this paper the usage of Logic Scoring of Preference method for scientific work-

flows service ranking has been proposed.
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Introduction

Scientific workflow is the representation of the
scientific research process in the form of automated
sequence of several steps using computer and com-
munication technologies. Scientific workflows are
widely used in the researches on astrophysics, bioin-
formatics, chemistry, medicine, climatology, earth-
quakes and in other fields. Scientific workflows pro-
vide automation, which increases the productivity of
scientists in studies conduction based on calculations
[1, 2, 3]. Owing to automation and network commu-
nication technologies, scientists can flexibly apply
various applications and resources around the world,
e.g., unique laboratory equipment, Grid-resources,
parallel computers, storages with accumulated ex-
perimental data, proven scientific workflows, Cloud-
based scientific online applications, etc.

Generally, the processes of scientific research
consist of the following milestones: hypothesis for-
mulation, information search, experiments conduc-
tion, results processing and its presentation in publi-
cations. These milestones can consist of the se-
guence of tasks and actions, for instance, infor-
mation retrieval can include the selection of infor-
mation sources, filtering and relevance assessment
of retrieved information, and smart storage of infor-
mation in the repositories. Various technologies,
applications and equipment can be used for each
milestone and action. In addition, to connect the
milestones and actions into a single scientific work-
flow, it is necessary to provide the data exchange
between them, establish the correct sequence of ac-
tions execution or so-called sequence choreography
and monitoring.

For the purpose of these milestones, tasks, ac-
tivities and corresponding data exchanges mapping
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into the computer environment, the scientific work-
flow management systems (WMS) have been devel-
oped. These systems are based on special languages,
usually the XML dialects, or standard languages
(BPEL, WSBPEL, WSDL), graphical tools and no-
tations (UML, BPMN) to describe the scenarios,
simulate and execute scientific workflows.

Numerous WMSs are known, e.g., Taverna [4],
Triana, Kepler, Askalon, VisTrails, Galaxy, Pegasus,
Knime, e-BioFlow, WekadWs, GWES, Karajan,
DIS3GNO, Wings, etc. [1-5]. Many of these sys-
tems have been focused on performing the in-silico
experiments across the diverse domains, e.g. Life
Sciences, Geosciences, Earthquakes, Meteorology,
Astronomy, Machine Learning [5].

To share and reuse the scientific workflows, the
online repositories have been created, e.g., myEx-
periment [3], CrowdLab [5], the repositories of Kep-
ler and Galaxy WMSs, SHIWA [6]. These reposito-
ries already comprise the thousands of workflows.

Most of the computing resources for scientific
workflows are built on a service-oriented architec-
ture (SOA) [4]. WMS may manage the processes of
composition, orchestration and choreography of ser-
vices during the planning, scheduling and execution
of scientific workflow, as well as in the compliance
estimation of existing services with a particular sci-
entific workflow.

The selection of service, based on the non-
functional parameters of services or Quality of Ser-
vice (QoS) for scientific workflows, has not yet been
adequately covered in the literature on WMS. The
main goal of this paper is to examine one of the ap-
proaches to search and ranking of services, taking
into account the user’s preferences, which can be
used in WMS.

1. Services for scientific workflows

In Figure 1, the example of scientific workflow
that operates in WMS Taverna 2 is shown. This
workflow extracts bibliographic sources from Litera-
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ture Web Service of NED (the NASA/IPAC Extra-
galactic Database). The list of source names is sup-
plemented by a column of the links to bibliography
in the NED website. This information is formatted to
XML-based format for tabular data VOTable main-
tained by the International Virtual Observatory Alli-
ance. The VOTable is the output of this workflow

Workflow Inputs

and can be sent via SAMP (Simple Application
Messaging Protocol) to TOPCAT (Tool for Opera-
tions on Catalogues And Tables). Thus, this work-
flow receives information from the Web service
NED and can itself be a service, providing the its
work results for other Web services.

formatTableln_value ”formatTabIeOut_vaIue |Z |SourceNames | A

| Format_conversion_for_tables

|ColumnName_vaIue |

\ /

| Select_columns_from_VOTable_into_a_list

| |formatTabIeIn_vaIue_l | | formatTableOut_value_1

\

|REST_Service | |Format_conversion_for_tables_z

S

|Add_co mmon_row_to_VOTable |

nameNewCol_value ||expression_value ||Add_n_concat_tables |

Add_Column

.................

“Workflow Outputs

Bibliography

Fig. 1. Example of scientific workflow (www.myexperiment.org/workflows/3556.html)

The life cycle of the scientific research contains
several milestones, from the hypothesis formulation
to the results publications. It is possible to select or
develop an appropriate service for each milestone.
These services can be directly applied to the creation
of scientific product or scientific research process
providing. So, the scientific workflows can consist
of a wide variety of services, e.g., Web services,
Grid services and Cloud services (Fig. 2). The ser-
vice-oriented architecture can be considered to be-
come the common paradigm, ensuring the interoper-
ability, loose coupling between these services and
the independence from platforms of their implemen-
tation. This is achieved through the standardization
of interaction interfaces, although these standards
may be different for different domains.

Along with the services listed above, the com-
puter applications, database management systems
and the libraries, used on the daily basis, can also be
involved in scientific workflows (e.g., Matlab, Scil-
ab, Modelio, MySQL, Docear, graphics and text edi-
tors, LaTeX, IDEs, MPI, OpenMP, etc.). To this
end, conventional computer applications must be

provided with suitable interfaces or wrappers and
have appropriate meta-descriptions in WSDL in the
SOA style.

Web Grid
Service Service
T T
i_L LL ( Application
_ T

J:D{Milestone 2}:“>{Milestone 3}

Milestone 1
Scientific Workflow

+
c ,\7 Application

AL

Cloud o0
Service }O 0 0
iMicroservices|

Fig. 2. Diversity of services in scientific workflows

Moreover, if user applications are designed in
accordance with the architectural style of the micro-
services [7], certain microservices can also be the
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constituent parts of scientific workflows. For this
purpose, the microservices should have appropriate
interfaces and data exchange protocols that are inde-
pendent from the platform and implementation lan-
guage and represent small scientific capability.

2. QoS-based service selection

There is a plethora of different Web-, Grid- and
Cloud services on the Internet. When searching for a
specific service, many services with the same func-
tionality can be detected though. One approach to
discovering and matching of functionally similar
services is to rank these services by corresponding
non-functional parameters. These QoS-parameters
can be specified in the requirements of service con-
sumer or announced by the service provider or de-
clared explicitly in Service Level Agreement (SLA)
between the provider and the consumer of service.

The selection of services for the particular sci-
entific workflow is related to the problem of suitable
services choosing among the ones with similar func-
tionality. This process can be demonstrated by the
example of the formation of a concrete workflow for
the Grid calculation in Fig. 3 [8], where the circles
with A, By,... letters denote services of the first
type with the same functionality, A,,B,,... denote
services of second type with the same functionality,
etc.

Abstract
Workflow

Concrete
Workflow

HEHOO®

Service Type 2) :

Application
Workflow

Service Type 1

1

( TaskA )

N

Service Type 3

1

( Task B ) (Service Type 4)

C®666

. Application, Abstract and Concrete Work-
flows (adopted from [8])

i

Service Type 5

@._

w

Fig.

Wide variety of QoS-parameters for Web ser-
vices have been presented in literature, the example
of the most frequently used set of QoS-parameters is
given in [9, 10]:

— Response Time: a characteristic of a Web
service, which tells us how quickly a Web service
responds to a request, i.e. the time duration between
the request sending time (T, ) and response receiv-

ing time (T, ):

Rt=T, T

res ~ 'req?

— Execute Time: the time, during which the
service finishes processing of the request (execute
the task);

— Throughput: the amount of requests N that
service can during given time period T :

Tp=N/T,;

— Availability: the ratio between the time peri-
od when the Web service is not available or ready
for usage and the total measurement time:

Av=1-Td/Tm,

where Td is the time when Web service is not
available for usage, and Tm is the total measure-
ment time;

— Reliability: the ability of Web service to exe-
cute the required functions within a particular time
interval;

— Accessibility: the probability that system is
operating normally and can process requests without
any delay;

— Cost: the cost per Web service request (e.g.
cents per service request or invocation).

In addition, the tasks of the process may have
different requirements for the infrastructure of com-
puting facilities on which the services are imple-
mented. For example, the capacity of disk and RAM,
number of CPU cores, number of nodes in cluster
provided for parallel computations, network traffic,
etc.

In the process of searching and selection on the
basis of QoS-parameters, it is necessary to take into
consideration the requirements of service consumer
and the service provider’s offer [11]. Today, there is
no generally accepted way of QoS-service values
documenting, so these values can be obtained by
way of measuring and evaluation.

To rank services by QoS-characteristics, it is
necessary to calculate the integral (generalized) val-
ue of the quality of each service. To do this, the ag-
gregation function, which maps (X, X,,...,X,) set
of measured or estimated values of QoS-parameters
for each service to real number y, can be used:

Yy =F(X, Xp,..0 Xy ).

The ranking of services is calculated by comparing
the integral values of service quality.
QoS-parameters can have different significance
for the customer of service and ultimately for the
scientific workflow. This can be taken into account
by introducing the weights (w;, W,,...,w, ) for each
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QoS-parameter. Then the aggregation function will
be presented as

y = F(WyXg, WoXy, ..., WX, ).

In addition, the customer’s requirements to the
guality of service may vary depending on the condi-
tions or context, for instance, on the urgency of ser-
vice or financial capacity. These aspects are taken
into account in the Logic Scoring of Preference
(LSP) method proposed by J. Dumovié for hardware
and software evaluation, comparison and selecting
[12]. In this method the aggregation function is used:

/
L:(WlE{+W2E2r+...+WnE,§)1r, (1)

where E; — evaluation function for scoring the ser-

th

vice on i criterion and O0<E; <1; w; is the

weight of i*" criterion and 0<w; <1, Zin:lwi =1;

the power r is a real number selected, to achieve the
desired logical relations between the criteria.

The r power depends on o parameter which is
called as orness degree and can range from pure
“and” (conjunction or simultaneity, o =0) to pure
“or” (disjunction or replaceability, o=1). The
commonly used values of o are 0, 1/16, 1/8, ..., 1.
For this values of o the special names have been
assigned:  from  “strong  quasi-conjunction+”
(u=0,0625) to “strong quasi-disjunction+”
(a0.=0,9375) . If the aggregation function comprises
from 2 to 5 criteria, the r value can be taken from
Tab. 1 [12].

In the general case the following numeric ap-
proximation of r can be used [13]:

c_ A tay+ay’ +agy’ —a,yt
all-a)

@

where a,=0,25, @a; =1,89425,
ag =1,47532 a, =1,42532 ;
y=a-05, O0<a<l.

The curves graphs of the dependency of the r
power from orness parameter for different numbers
of criteria are shown in Fig. 4. Simple solid curves
are constructed from the Tab. 1 data. The curve
marked with circles was obtained by approximating
this dependency by (2).

A detailed technique for calculating the r pow-
er from the value of the orness parameter and the
number of criteria is given in the work of
J. Duimovi¢ and substantiated in his earlier work on
the study of the application of continuous logic for
complex criteria. Examples of the practical usage of
(2) can be found in the papers [14, 15].

The aggregation function (1) allows to model
the spectrum of logical relationships between the
quality criteria. The dependency of relationships
simultaneity and replaceability of quality criteria
from orness parameter is shown in Fig. 5.

35

a, =17044 ,

30

251

20

Table 1 5 7
Logic Scoring of Preference g 1
o r2 r3 r4 5 54
1,0000 +00 +00 +00 +00
0,9375 | 20,630 | 24,300 | 27,110 | 30,090 °1
0,8750 9,521 | 11,095 | 12,270 | 13,235 -5
0,8125 5,802 6,675 7,316 7,819 10
0,7500 3,929 4,450 4,825 5,111 0 01 02 03 04 05 06 07 08 09 1
0,6875 2,792 3,101 3,318 3,479 orness
0,6250 2,018 2,187 2,302 2,384 . .
06232 2000 | 2000 2000 2000 Fig. 4. Relation betw;eaerrr:e:efower and orness pa
0,5625 1,449 1,519 1,565 1,596
0,5000 1,000 1,000 1,000 1,000 orness
0,4375 0,619 0,573 0,546 0,526 0 0,25 0,5 0,75 1
0,3750 0,261 0,192 0,153 0,129 ¢ ’ ’ ‘ >
0,3333 0,000 0,000 0,000 0,000 — -
03125 | -0,148 | -0,208 | -0,235 | -0,251 Quasi-Conjunction (Remacecnity of
0,2500 -0,720 | -0,732 | -0,721 -0,707 (Simultaneity of criteria) criteria)
0,2274 -1,000 | -1,000 | -1,000 -1,000
0,1875 -1,655 | -1,550 | -1,455 -1,380 |strong || medium || weak | | weak || medium || strong |
0,1250 -3,510 | -3,114 | -2,823 -2,606 ] . .
00625 | -9.060 | -7.639 | 6689 | -6013 Fig. 5. Relations between parameter orness and sim-
00000 | - - o o ultaneity and replaceability
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To compute the elementary preference, in case
we want to evaluate the x parameter with increasing
function, this function can be defined as follows:

0, if X < Xins
E( )_ X_Xmin f . (3
X)= 1 I Xm|n<x<xmaxv()
Xmax ~ Xmin .
1 if Xx>X

max-

For instance, let’s suppose that the measured values
of throughput for the five competitive services are
3.4, 6.2, 85, 2.7 and 4.1. Then, according to func-
tion (3), we get the following normalized values:
0.1, 0.6, 1.0, 0.0, and 0.2, respectively.

In case we want to evaluate the x parameter by
function decrease, this function can be defined as
follows:

1 if X<X
E(X)= Xmax — X ,

Xmax ~ Xmin .
0, if X=X

min?

if Xmin <X < Xmax; (4)

max-

For instance, if the costs of competitive services are
2.8,1.2,3.4,1.7,and 4.0, then, according to function
(4) we obtain the following normalized values of
these costs respectively: 0.4, 1.0, 0.2, 0.8, and 0.0.

The LSP method can be used for services rank-
ing based on QoS-parameters when scientific work-
flow creation is given. Let’s consider the example,
in which three services are ranked according to three
QoS-parameters: Response time (Rt ), Throughput
(Tp) and Cost (C).

In Tab. 2 the values of QoS-parameters meas-
ured for three services are shown. In Tab. 3 the cal-
culated values of these parameters according to (3)
and (4), are presented.

respectively, for different r and vector of weights
w=(0.5,0.3,0.2). In the middle column of Tab. 4

the values of L for the parameter au=0,5 are given,
for which the power r is 1. In this case the (1) func-
tion gives the weighted arithmetic mean of the QoS-
parameters. In the left column the results of calcula-
tions for o.=0,625 (r =2.187 ) are presented.

Table 4
Logic Scoring of Preference
r 2,187 1 0,192
L1 0,90 0,80 0,31
L2 0,78 0,76 0,76
Ls 0,38 0,16 0,0

Table 2
Measured QoS-parameters
Service QoS-parameters
Rt (ms) Tp (r/min) C (cli)
1 320 6 1,6
2 380 5 0,2
3 540 3 0,5
Table 3
Calculated QoS-parameters
QoS-parameters
Service T .
Rt (ms) (r/mﬁn) C(cfi)
1 1 1 0
2 0,72 0,67 1
3 0 0 0,78

The L,, L, and L5 values, given in Tab. 4, are

the calculated with (1) formula as integral quality
values or global preferences of services 1, 2 and 3,

In this case, according to the terminology of
J. Dumovi¢, the (1) function has the property of
“weak quasi-disjunction”. In this property the ser-
vice consumer’s certain preference, in which the
consumer allows some compensation of one parame-
ter by another and service 1 (L; =0,9) as the most

preferable for him, is expressed. In the right column
the data is given for the case when o =0,375
(r=0.192) and the (1) function has the property of
“weak quasi-conjunction”. In this case, the service
consumer almost does not allow mutual compensa-
tion of the parameters and the most preferable for
him is the service 2.

Accumulating the scientific workflows in the
repositories, the new challenges for these collections
of scientific workflows management arise. These
challenges include the detection of functionally
equivalent workflows, their retrieval or the use of
existing workflows in the design of novel work-
flows. The authors of [6] investigate the methods of
scientific workflows search and detection on the ba-
sis of corresponding functional properties similari-
ties. In our viewpoint, the proposed approach to
Logic Scoring of Preference method usage can be
applicable to the selection of scientific workflows
fragments, as well to the ones as a whole.

Apparently, in this case, it will be necessary to
take into account the integral QoS of the scientific
workflow, based on QoS-parameters of all services
involved into workflow, as well as certain parame-
ters that are inherent in the scientific workflows.
Such parameters can be the availability for resources
and services, scalability, the ability to execute the
workflow for a long time and in the background, the
ability to change the direction of workflow by user
at run time, reproducibility of experimental results,
the ability to capture the data provenance. The prov-
enance of information is decisive for determining the
reliability of information, the trust in its source and
the possibility of using this information in a scien-
tific research [16, 17, 18].
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3. Conclusion

In this paper we have presented some challeng-
es and opportunities, addressed to future develop-
ment of scientific workflows. Since the scientific
workflows are formed from different types of ser-
vices (Web services, Grid services, Cloud services)
it is necessary to take into account the quality issues
of these services and the improvement of service
discovery and ranking methods, based on QoS-
characteristics. Perhaps, the systems for managing
scientific workflows will integrate Web-, Grid-,
Cloud services with conventional computer applica-
tions and microservices in the future. The challenges
of search and choice of the services and applications,
as well as the elements of infrastructure, when creat-
ing scientific workflows with the use of QoS-
characteristics will remain topical. Creating a lot of
new scientific workflows and accumulating them in
repositories will cause scientists to choose the rele-
vant scientific workflows. The design of new scien-
tific workflows may involve the use of other scien-
tific workflows or corresponding parts. Therefore,
the issues of quality criteria for scientific workflows
and methods for suitable scientific workflows selec-
tion by these criteria development are also topical.
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SAKICTb CEPBICIB Y HAYKOBHUX ITPOIIECAX
P. K. Kyaepmeros, O. B. Iloabcbka, B. B. Illkapynuio, H. B. Illep6ak
3anopizbkutl HAYIOHANbHUL MEeXHIYHULL YHieepcumem

Anomauin. Aemomamuzoeani naykogo-oocrioni npoyecu (Scientific Workflows) noxinuyrome npooyx-
MUBHICMb HAYKOBYIE NPU NPOBEOEHHI OOCNIONCEHb, WO IPYHMYIOMbCA HA BUKOHAHHI 0O4UCIeHb. 3a80:KU
asmMoMamu3ayii i MepedlCHUM MexXHON02IAM HAYKOBYL 3 YCbO20 CEINY MAIOMb 3MO2) SHYUKO 3ACMOCO8Y8amu
PIZHOMAHIMHI NPOSPAMHI CUCMEMU MA PecypCU, HaNPUKIao, YHIKaIbHe nabopamopHe ycmamkyeanns, Grid-
pecypcu, napaneivbHi 00UUCTIOBAIbHI CUCEMU, HAKONUYEH] eKCNePUMEHMAbHE 0aHi, HAYK0BO-OOCIIOHI OH-
JAUH-000aMKU HA OCHOBI XMAPHUX mexHoaoz2iu. bitbwicms o06uucmosanbhux pecypcié Ojia HayKogo-
0oCniOHUX npoyecie nob6y008aHo HA OCHOSI cepsic-opienmosanoi apximexmypu. Cucmemu ynpaeiiHHa ma-
xumu npoyecamu (Workflow Management Systems, WMS) oossonsiiome sukomnyeamu komnosuyiro, xopeoe-
pagiio ma opkecmpysanHs cepsicié YNpoooec AK NIAHY8AHHA, MAK | 6UKOHAHHS NPoOYecis, 30Kpema npu
OYIHIOBAHHI NPUOAMHOCHE OOCTHYNHUX CEPBICi6 00 3aCMOCY8AHHS 8 OKPEMOMY HAYKOB0-00CTIOHOMY HPOYECi.
Humanns eubopy cepsicié Ha ocnosi Hedynrkyionarvhux xapaxmepucmux (Quality of Service, Q0S) oz ix
3ANYHEeHHs. 00 HAYKOBO-00CIIOHUX npoyecie we He 0y10 6 00CMAamHil MIpi 6UCBIMACHUM Y NYONIKayisx Ha
3a3Haveny memy. 3anponoHoO6aHo 3acmocy8anHs Memooy 102iuHo2o oyineanta enodobans (Logic Scoring
of Preference, LSP) ons pansicysanns cepsicis-kanouoamie na 3anyuenns 00 HAYKOBO-OOCIIOHUX NPOYECIS.
Memoo 0o036013€ 6paxogyeamu eumozu KOpUcmyeaya 00 He@PYHKYIOHANbHUX XAPAKMEPUCMUK cepeicis, a
MAaKox;c 11020 6NOO0OAHHS, WO MOXCYMb 3anexcamu 6i0 cepu 3acmocysanis cepgicie. Ilpoexmue piuienis
HOB020 HAYKOBO-00CHIOH020 NPOYECy MOJICE GKAIOUAMU BUKOPUCTHANHS 8Jice ICHYIOUUX npoyecié abo ix ckia-
odosux. Tomy pozpobka nioxodie 0o QO0S-opicHmogaro2o UOOPY Ma PAHI’CYBAHHA CEPBICI8 € AKMYATbHUM
numanuam. Ha nawy 0ymKy, 3anpononoganuti nioxio 0o 3acmocy8amnts memooy 102iuHo20 OYiHIO8AHHS GNO-
006anb Modice Oymu 3aCmoCco8aHUll K NPU 8UOOPI CKIA008UX HAYKOBO-0OCHIOHUX NPOYecis, max i npu eubo-
pi be3nocepeduvbo npoyecis.

Knrouosi cnoea. naykoso-0ocnioni npoyecu, cepgic-opieHmo8ana apximexkmypa, sKicms cepesicy, me-
MO0 102i4H020 OYiHIOBAHHS 8NOO0OAHD.

KAYECTBO CEPBUCOB B HAYUHbBIX ITPOILIECCAX
P. K. Kynepmeros, O. B. Ilonsckas, B. B. IlIkapynuno, H. B. Illepdak
3anoposicckuii HaYUOHATbHBIN MEXHUYEeCKULL YHUBepCUmMeN

Annomayus. Asmomamusuposannvie HayuHo-uccieoosamenvckue npoyeccol (Scientific Workflows)
oasupyromes na Web-, Grid- u obaaunvix cepsucax. I[Ipu popmuposanuu HayuHO-UCCIe008aMeNbCKO20 NPo-
yecca 6o3nukaem npoobiema noucKd, PaHICUPOSAHUS U 8b1O0PA CPeOU MHONCECMEA (PYHKYUOHATLHO CXONCUX
cepeucos mex, Komopovie Hauboiee noOXo0am no ux HeQYHKYUOHANbHLIM C8OUCmEaM. [l smou yenu 8
cmambe nPeosioNCeHO UCTIONb308aMb Memoo ao2uveckoil oyenku npeonoumenuti (Logic Scoring of Prefer-
ence).

Knrouesvie cnosa: nayuno-ucciedosamenbckue npoyeccyl, Cepeuc-opUeHmupOSaHHas apxumexmypd,
Kauecmeo cepeuca, Memoo J02UYeCKoll OYeHKU NPeOnoUmeHul.
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