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Abstract. The paper presents an approach to the composition of web services
based on their meta descriptions. The process of web services sequence
formation is depicted. Such web services sequence describes execution of
certain user’s task. The method of user’s tasks scenario formation is
proposed that allows to define dynamically an ordered sequence of web
services required to run a specific user’s tasks. The scenario formation for
real user’s task «Calculation of the strength for the power components of
magnetic systemsy is represented, approving the applicability and efficiency of
proposed approach.

Key words: web services, scenario, user’s task, meta description, composition.

1 Introduction

Nowadays, a large number of web services are provided over the web from
companies such as Google, Microsoft and Amazon. By utilizing these services, end
user is expected to create value added services to fulfil the requirement. This process
is commonly known as web services composition. An analysis of the literature related
to the service composition focuses that, frequently performed tasks throughout the
composition are the discovery and selection of the candidate web services which are
participating to generate the composition plan. Although, there is a close relationship
among discovery, selection and composition, researchers treat them individually and
independently.

Web services usually are used for different processes performance. Such process
can be:

- General user’s tasks,
- Calculation and computational tasks,
- Business processes.

Moreover, different users want to achieve the increased value of satisfaction from
the resultant composition solution. Thus, the execution of user’s tasks is closely
correlated with web services execution. User’s task is the conceptual notion. For the
execution of user’s task, the sequence of web services must be executed (for the web
services that correlate to this user’s task). Web services composition into such
sequence should be optimal to provide correct execution of user’s tasks.

The main objective of the web services composition "on the fly" is the
organization in the dynamics of such an ordered sequence of web services that allows
to execute a specific end-user task. Thus, it is needed to develop the method of web
services dynamic integration for a specific end-user task execution.

This paper describes a novel approach for web services composition given their
meta descriptions that is based on the method of user’s tasks scenario formation.


mailto:avkovalgm@gmail.com

The paper is structured as follows: Section 2 provides the background and
analyses of related works on web services composition. Section 3 gives main notions
and their formal description as well as characteristic features of web services. In this
section the system of meta descriptions for web services and user’s tasks is suggested,
such system forms the basis of web services composition. Section 4 describes the
method of user’s tasks scenario formation. Section 5 contains the description of the
proposed method application for the scenario formation that represent the execution
of real complex computational user’s task in the subject domain “Strength of
materials”. Section 6 concludes the work with a summary and outlook on future work.

2 Backgrounds and related work

Web Services Composition (WSC) is a method to connect different web services
that are used for creating high-level business architecture by compiling of web
services in order to provide functionalities that are not available during design [1].
Consequently, there is a possibility to develop a new functionality by simply reusing
of components that are already available, but unable to complete a task successfully
on their own.

Static and Dynamic WSC are two major types of web services composition.
Dynamic web service composition occurs when user or software application queries
for a web services at runtime while static web services composition is performed at
the compile time. Dynamic web services composition is less trivial and requires much
more work compared to static web services composition.

Various authors classify other WSC approaches. In [2], Static and Dynamic Web
Services Composition approaches are grouped into a single approach. This and other
possible approaches for composition are listed below:

— Static and Dynamic Composition ;
Model Driven Service Composition;
— Declarative Service Composition;
— Automated and Manual Composition;
— Context-based Service Discovery and Composition.

The ability to select and compose heterogeneous web services over the web
efficiently and effectively at runtime is an important step towards the development of
the web services applications [3]. By utilizing web services, end user is able to create
composite services to fulfil the requirement when single service unable to do it.

Most of the approaches related to the web services composition [4, 5, 6, 7]
realized the fact that the prerequisite tasks to generate the composition solution are the
service discovery and service selection of the candidate web services stored in the
service repository.

Semantic web services [8, 9, 10, 11] provide an open, extensible, semantic
framework for describing and publishing semantic content, improved interoperability,
automated service composition, discovery and invocation, access to knowledge on the
Internet [12].

[13, 14, 15] describes discovery and composition issues of web services in the
proposed extended SOA architecture. The concept of automated service discovery and
composition process using Semantic Web services is presented.

In agent-based solutions for web services, composition agencies gather QoS data
from agents, store, aggregate, and present it to agents [16]. Approach, which solves



these problems, is introduced in [17]. Distinctive feature of this approach is utilization
of SLA via WS-Agreement [18] during both workflow enactment and workflow
analysis stages.

A composite service is a set of individual services that are effectively combined
and reused in order to achieve a desired effect. Automatic service composition
consists of four phases: Discovery, Selection, Planning, and Execution [19]. The first
phase involves creating a plan, i.e., sequence of services in desired composition. The
plan creation could be manual, semi-automatic, or automatic. The second phase
embodies service discovery due to the plan. Planning and discovery are often
combined into one step. After discovery of suitable services, the selection phase
starts. It embodies a selection of the optimal composition from the available
combinations of web services judging on nonfunctional properties like QoS
properties. The final phase involves executing the services due to the plan. If some
service is not available, another one takes its place. Concerning WS performance on
engineering knowledge portals the most time-consuming is the phase of Discovery.
As it is in need to choose from WS variety only those that are to be composed for
complex engineering calculation performance.

In the case of solving the problem of web services composition aiming specific
end-user’s tasks execution it is in need to override these stages meaning. First it is
needed to discover and select from web services set those web services that are used
for described user’s task execution. Then the user’s task scenario is to be formed from
this web services. Next the stage of execution is performed.

3 The characteristic features of web services

Fig. 1 describes the correlation between notions: user’s task (UT), scenario and
web service (WS). Each user’s task stage is associated with certain web service that
execute this stage. The scenario is an ordered sequence of this web services, scenario
presents the conceptual process of user’s task execution.
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Fig. 1. Correlation between notions: scenario, user’s task and web services



Each of user’s task has a specific set of attributes, describing its features and
characteristics. As well, each WS can be described by some set of parameters. Such
sets forms their meta descriptions. Specification of WS meta descriptions is based on
Dublin Core standard and defines meta description as MD=<4,D>, where 4 is meta
description attribute (represent important characteristic or parameter of task or WS)
and D is data (represent the name of this parameter or characteristic for appropriate
task or WS). Thus, each task and web service can be described by certain set of meta
descriptions and each of such meta description has some meaning exactly for this task
or WS. Such system of meta description allows to describe task or WS in terms of
their parameters meanings for appropriate subject domain (that is not depicted by
WS-CDL or WS-BPEL).

The structure of user’s tasks meta descriptions and web services meta descriptions
is similar. Thus, the dynamic generation of web services sequence (the scenario) that
corresponds to the certain user’s task can be based on the comparison of such web
services meta descriptions and user’s task meta descriptions.

All meta descriptions corresponds to two types:

1.  General meta descriptions — describe different general characteristics of

user’s tasks and web services.

2. Specific meta descriptions — describe different parameters and characteristics

of user’s tasks and web services that depend on UTs and WSs subject domain

(they reflect the specific of subject domain and may indicate the services

necessary to perform a certain user’s task).

Table 1 presents the suggested system of meta description for user’s tasks and web
services.

Table 1

Meta descriptions title Meta descriptions description
Standard meta descriptions

Title Title of UT or WS

Identifier Unique ID number that is considered as UT or WS
number

Subject domain Subject domain of UT or WS

Description Text description of web service

Data Data type, for the data that is used for UT or WS
execution

Regulatory Title of the normative document (GOST, ISO,
Standard), guiding which user’s task is executed

Address The reference to web service location

Specific meta descriptions (as an example — specific meta descriptions for subject
domain “Strength of materials™)

Parameters Parameters that are used for engineering calculation
task (user’s task)

Loading Loading types that are used for engineering calculation
task (user’s task)




Method Method of calculation that is used within engineering
calculation task (user’s task) execution

Element Construction element that is used in engineering
calculation task (user’s task)
Measurement area The area of construction that is used in engineering

calculation task (user’s task)

All web services are stored in independent storage, while meta descriptions and
their values are stored in database tables (Fig. 2).
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Fig. 2. Storage of WSs and meta descriptions

User’s tasks set is described as:
UT 3 UT, UT; = (T;, MD,,), 1)

where UT — the set of user’s tasks;

UT; — i-th user’s task;

T;, — the title of i-th user’s task;

M D;,— p-th meta description of i-th user’s task.

Scenarios set is described as:
Sc 3 Scy, 2)

where S¢ — the set of scenarios;

Sty — k-th scenario that is characterized by certain web services sequence.
Correlation between user’s task and scenario (that corresponds to this user’s task) is
described by equivalence relation:

UT,~8cy, 3)
Web services set is described as:
WS 3 WS, W5, = (T, MDy,), “

where W& — the set of web services;

WS, — [-th web service;

T, — the title of /-th web service;

MD,, — g-th meta description of /-th web service.

Correlation between the scenario and web services is described by inclusion relation
(WSs are included into the scenario):
Sc, 2 (WS, ... WS,;) 5)

It is in need to develop the method that enables scenario formation based on
comparison of web services meta descriptions values and provides the ability to
perform real end-user’s tasks by forming sequence of web services dynamically.



4 The method of user’s tasks scenario formation

This section describes the steps of the proposed method of user’s tasks scenario
formation. This method allows to define dynamically an ordered sequence of web
services required to execute a specific user’s task. The stages of proposed method are
represented below (Fig. 3).
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Fig. 3. Method of user’s tasks scenario formation

Stage 1. WSs discovery and selection.

Stage 1.1. MD comparison.

On this stage it is in need to discard from the WSs set those WSs, for which all
MD;, are not equal to MD;,,. It is in need to compare the descriptions of WSs and to

select those WSs which meta descriptions match user’s task meta descriptions
according to the rule:
MD;, = U"MDy,. (6)
whereby possible the fulfilment: MD;, N MDg,, wherei,j €,l=1m.
As the result the subset of WSs set is received, such subset satisfies rule (6).
Stage 1.2. MD meaning comparison.

It is necessary to compare meanings of web services meta description -
MN(MD,) to cut the subset of web services, that has common meta descriptions,

but the meanings of this meta descriptions are not equal. Thus, on this stage the
values of WSs meta descriptions (only for those WSs that were left in the set after
stage 1.1) are compared to the values of user’s task meta description:

Mn(MD, ) <Mn(MDy,), )

under the condition that MD;, = MD,,,. The result can be one of the following

options:



1 Meta description value domains match — Mn(MD;,)=Mn(MD,). In this

case, domain of the v-th meta description value of i-th user’s task matches domain of
g-th meta description value of /-th web service. Thus, specified web service is
included in the user’s task scenario.

2 One meta description value domain includes another one:

2.1. Mn(MD,,) € Mn(MD,,). In this case, domain of the g-th meta

description value of /-th web service includes domain of v-th meta description value
of i-th user’s task. Thus, specified web service is included in the user’s task scenario.
2.2. Mn(MD,,) € Mn(MD,). In this case, domain of the v-th meta description

value of i-th user’s task includes domain of ¢g-th meta description value of /-th web
service. Thus, specified web service is included in the user’s task scenario, but
analysis of the meta description value for other web services continues in order to
find such web service, which meta description value domain in combination with
specified web service meta description value domain will form user’s task meta
description values domain: Mn(MD,,) U Mn(MD;;) = Mn(MD;,).

3 Meta description value domains overlap - Mn(MDy,) N Mn(MDy, ). In this

case, domain of the v-th meta description value of i-th user’s task overlaps domain of
g-th meta description value of /-th web service. Thus, specified web service is
included in the user’s task scenario, but analysis of the meta description value for
other web services continues in order to find such web service, which meta
description value domain in combination with specified web service meta description
value domain will form wuser’s task meta description values domain:
Mn(MD;) U Mn(MDy;) = Mn(MD,,,).

4 Meta description value domains don’t overlap — Mn(MD,,) = Mn(MD,,).

In this case, domain of the v-th meta description value of i-th user’s task matches
domain of g-th meta description value of /-th web service. Thus, specified web service
is not included in the user’s task scenario.

Stage 2. Scenario generation.

This step can be regarded as an intermediate. At this stage, the sequence of the
web services selected at the previous stage is formed into the scenario. Scenario
formation involves redundancy and duplication verification. While the formation of
WSs sequence is held it is in need to verify web services input and output data. If the
result of any WS is the input data to another WS, then first WS should be placed
before the second WS in the sequence.

Stage 3. User’s task execution.

This stage is the stage of user’s task direct execution. At this stage, the execution
of all web services included into scenario is made using appropriate software.

5 The estimation of the web services composition efficiency

Suggested approach was used for scenarios that represents the user’s tasks in
subject domain “Strength of materials” formation [20, 21]. To confirm the efficiency
of the proposed method the test group of complex tasks for problem domain "Strength
of materials" was selected (Tab. 2), which consists of five complex tasks. Each of



complex tasks consists of several partial tasks (each partial tasks corresponds to
certain web service).

Table 2
Ne The title of user’s task The amount of
stages (WSs)
in each user’s
task
1 | Calculation of the strength for the power components of 56
magnetic systems
2 | Calculation of the strength for equipment and pipelines of 28
nuclear power systems
3 | ITER Structural Design Criteria for magnetic components 33
4 | Magnet DDD 1.1-1.3. Magnet System Design Criteria 48
5 | Calculation of the strength for the elements of equipment 18
and pipelines of ship nuclear steam generating systems
with a water reactors

Let us show the example of complex task from the test group formation using
proposed method. This task is «Calculation of the strength for the power components
of magnetic systems». The system of meta description for such user’s task is shown in

table 3.
Table 3

Meta description title Meta description value

Title Calculation of the strength for the power components
of magnetic systems

Identifier 1

Subject field Strength of materials

Description The calculation, carried out for the cylinder formed by
the internal resistance of toroidal field coils

Data data, formulas

Regulatory PNAEG-7-002-86

Address http\\calc266\19.portal.ua

Parameters a; =10 — allowable pressure

E,=52 — average loading
E,=48 — basic loading
R =5 — winding radius

construction body and winding
1= 15 —critical length

1 = 20 — critical pressure

¢ = 5 —allowable tension pressure
v =28 — winding length

d = 44 — winding strength

¢ = 10 — the length of connection between

D,, =<10...12> = maximal diameter
P; = 18 — dimension of construction body




e = 6 — constant of static level
M = 12 — general membrane strength

Loading

Methods

Element

Constructions shell, constructions corps

Measurement area

Cross section, length

At the 1-st stage the analysis of WSs set that represents partial tasks was done. It
was in need to choose from this set only those WSs that satisfies condition (6). Such

WS are:

WS, — for task “calculation of basic parameters”;

WS, — for task “verifying calculation”

WS; — for task “strength calculation”

WS, — for task “critical constant calculation”

WSs — for task “resistance calculation”

WS — for task “dimensioning of reactors coil corps with arched slit”

WS, — for task “calculation of reducing the strength of welds”

WSs — for task “calculation of flanges, rings and fasteners”

WS, — for task “calculation of static strength”

WS — for task “calculation of stability”

WS — for task “calculation of cyclic strength”

WS, — for task “calculation of crack resistance”

WS3— for task “calculation of voltage variation”

WS4 — for task “calculation of seismic impacts”

WS — for task “calculation of the vibration strength”

WS — for task “calculation of the limiting value of deformation”

WS,7 — for task “calculation of the vibration stability”

At 2-nd stage, the comparison of WSs meta descriptions meanings were held
according to the rule (7). Some WSs were discarded from the set formed on the first
stage, as some of their MD are out of range of values with values of the same
parameters of task. The following WSs were discarded:

WS, — for task “critical constant calculation”

WS, — for task “calculation of stability”

WS — for task “calculation of cyclic strength”

WS3— for task “calculation of voltage variation”

WS,7 — for task “calculation of the vibration stability”

The estimation of the time required to develop scenarios for complex tasks was
made. The estimation was made for static way of WSs composition and for their
composition with the help of proposed method (Fig. 4).



proposed method of user’s tasks scenario formation
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Fig. 4. Estimation of the WSs composition time

Time needed for services development with the help of static way WSs
composition is 1004 hours and with the help of proposed method is 897 hours. Thus,
the proposed method allowed to reduce the time for scenario for complex task
development by 11%.

Conclusions

The paper presents an approach to web services composition. The method of
engineering tasks composition is proposed that allows to integrate web services into a
scenario based on the web services meta descriptions comparison. The usage of such
method makes it possible to execute real end-user’s tasks based on dynamically
formed sequence of web services.

Future work is aimed on implementation of suggested approach to different types
of uses tasks. This will allow to approve its applicability and efficiency on real world
scenarios. Developed software tool will be tested and verified on real world scenarios
when engineering knowledge portals are developed. Quantitative evaluation of the
proposed approach and tool efficiency will be obtained for different subject domains:
the average time of web services composition, their correctness and quality will be
validated.
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