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Abstract. Service-oriented computing (SOC) is the new cross-disciplinary paradigm for distributed computing that is
changing the way software applications are designed, architected, delivered and consumed. Services are autonomous,
platform-independent computational entities that can be used in a platform independent way. Services can be described,
published, discovered, and dynamically assembled for developing massively distributed, interoperable, evolvable
systems. This paper provides a roadmap of development of the Engineering Design Platform, based on SOC and
intended, in particular, for modeling and optimization of Nonlinear Dynamic Systems, based on components of different
physical nature and being widely spread in different scientific and engineering fields.
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1 Introduction
The Service-Oriented Computing (SOC) paradigm refers to the set of concepts, principles and methods that represent
computing in Service-Oriented Architecture (SOA) in which software applications are constructed based on
independent component services with standard interfaces [1, 2]. SOC represents a new generation distributed
computing platform for programming distributed applications by means of the composition of services. The visionary
promise of SOC is a world-scale network of loosely coupled services that can be assembled with little effort in agile
applications that may span organizations and computing platforms. Since services may be offered by different
enterprises and communicate over the Internet, they provide a distributed computing infrastructure for both intra- and
cross-enterprise application integration and collaboration. Service clients (end-user organizations that use some service)
and service aggregators (organizations that consolidate multiple services into a new, single service offering) utilize
service descriptions to achieve their objectives. So, Service-Oriented Computing is a paradigm and Service Oriented
Architecture is an architectural model which allows interoperability, re-usability, loose-coupling of its components and
provides mechanisms to describe publish and discover available services.

2 Related works
Five decades ago, in 1961, computing pioneer John McCarthy predicted that “computation may someday be organized
as “a public utility.” Cloud computing is that realization, as the paradigm facilitates the delivery of computing-ondemand much like other public utilities, such as electricity and gas. However, cloud computing isn’t a new concept.
Other computing paradigms — utility computing, grid computing, and on-demand computing — precede cloud
computing by addressing the problems of organizing computational power as a publicly available and easily accessible
resource. A service is different from a traditional software artifact in that it’s autonomous, self-described, reusable, and
highly portable. The advantages of new Service-Oriented Computing paradigm (SOC) are visible: companies and
organizations can develop massively distributed software systems by assembling basic services dynamically. Realizing
the SOC promise involves developing Service-Oriented Architectures (SOAs) [10] and corresponding middleware that
enables the discovery, utilization, and combination of interoperable services to support virtually any business process in
any organizational structure or user context. The first papers on SOC principles were published in 2003-2005 [1,2], but
its possible application for Engineering Design Platform was shown in 2012 [8].

3 Main sections
The distinction between SOC and traditional computing is that application builders no longer construct software from
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scratch using a programming language. Instead, they specify the application logic in a high-level specification language,
utilizing standard services as components.
The central definition being used here is a service, the most important concept of the service-oriented paradigm. The
definition of service for the W3C Working Group is: “A service is an abstract resource that represents a capability of
performing tasks that form a coherent functionality from the point of view of provider entities and requester entities. To
be used, a service must be realized by a concrete provider agent.” This definition is correct but it is too abstract
because too many things could be a service. There are various definitions of a service within the context of Service
Oriented Computing in the literature, among of which there are the following: “A service is a system function that is
well defined, self-contained and does not depend on the context or state of other services”; “A service is a unit of work
to be performed on behalf of some computing entity, such as a human user or another program”. Services perform
functions that can range from answering simple requests to executing sophisticated business processes requiring peerto-peer relationships between possibly multiple layers of service consumers and providers. Any piece of code and any
application component deployed on a system can be reused and transformed into a network-available service. Services
reflect a “service-oriented” approach to programming, based on the idea of composing applications by discovering and
invoking network-available services rather than building new applications or by invoking available applications to
accomplish some task. It is likely that in the future, all computing units, both hardware and software, both small (such
embedded systems) and large (such as mainframes) will be organized as services, i.e., systems will be servicetized.

3.1 Web-services
As of today the most prominent technology based on SOC is Web Services, a set of open specifications that focuses on
interoperability and compatibility with existing infrastructures. A Web service is a specific kind of service that is
identified by a URI, whose service description and transport utilize open Internet standards. Interactions between Web
services typically occur as SOAP calls carrying XML data content. Interface descriptions of the Web services are
expressed using Web Services Definition Language (WSDL). The Universal Description, Discovery, and Integration
(UDDI) standard defines a protocol for directory services that contain Web service descriptions. UDDI enables Web
service clients to locate candidate services and discover their details. Service aggregators may use the Business Process
Execution Language for Web Services (BPEL4WS) to create new Web services by defining corresponding
compositions of the interfaces and internal processes of existing services. One of the most important aspects in SOC is
aggregation (composition). The public interfaces exposed by each service allow for the composition of the latter in
complex workflows, in order to implement functionalities that reuse those that are already offered by the single
services. At the present service composition can be done in two different approaches: orchestration and choreography.
In orchestration a single service, called orchestrator, is responsible for composing and coordinating the other services in
order to complete the desired task. Choreography, instead, describes the interactions between the various services,
which execute a global strategy in order to achieve the desired result without a single point of control. For these reasons
it is said that orchestration offers a local viewpoint whereas choreography offers a global viewpoint. At the present the
most credited language for dealing with service orchestration is WS-BPEL (BPEL for short). On the other hand, the
reference language for choreography is WS-CDL. Service Oriented Computation deals with implementing the core
services, and Service Oriented Composition/Management about managerial tasks (WS-BPEL, WS-CDL), and Service
Oriented Communication would relate to message routing (WS-Addressing, WS-Reliable Delivery, etc.).

3.2 Cloud Computing
Advancements in Cloud Computing have raised the potential of realizing service-orientation to unprecedented heights.
Cloud Computing is an emerging paradigm for consumption and delivery of IT based services, based on concepts
derived from consumer internet services, like self-service, apparently unlimited or elastic resources and flexible services
options like IaaS (Infrastructure as a Service),PaaS (Platform as a Service) and SaaS (Software as a Service) . The
delivery of software as a set of distributed services that can be configured and bound can help to solve problems like
software reuse, deployment and evolution. The “software as a service model” will open the way to the rapid creation of
new value-added composite services based on existing ones. Although service-oriented computing in cloud computing
environments presents a new set of research challenges, their combination provides potentially transformative
opportunities. With cloud computing, new Internet services can be developed and deployed without capital acquisitions
of hardware or large human integration expenses.
Semantic processing of service-based interfaces, semantic service discovery, service composition and consumption, and
quality of service are the current leading research topics. What happens when computing itself is the service?
Essentially, this is what cloud computing provides: applications, platforms, network capabilities, and storage, all as
services. Over time, it will be interesting to see how cloud-based services will enhance sharing and thus improve this
web of possibilities.
SOC requires the management of loosely coupled services to maintain its working condition. Furthermore, each service
within a workflow could reside with unique service providers. This is a challenge to service discovery because current
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service repositories are decentralized and not well advertised. In a cloud computing environment the challenge of
service management and monitoring is extended. Current cloud computing providers don’t offer user-customized management and monitoring mechanisms built into their infrastructure. Hence, it’s still the service developer’s
responsibility to provide programs and utilities to manage and monitor services.’

3.3 SOC in Engineering Design
The IASA (Institute of Applied System Analysis) of NTUU “Kiev Polytechnic Institute” is conducting the following
research and development activities in the domain of SOC target:
1) Investigating Engineering Design procedures together with partners as possible services in distributed environments
instead of present attempts to migrate monolithic large CAE/CAD software systems into the grid/cloud infrastructure
as it is done in [3-6]. To get this it is necessary:
• to investigate the generalized engineering design process and to select its loosely coupled stages and
procedures for subsequent their transferring to the forms of standardized web-services;
• to analyze the existing mathematical modeling and optimal design software for the possible re-use of the best
algorithms and design procedures implementations in the creating the depository of applied web services;
• to develop a container with interfaces for standardized individual web-services based on international standards
and protocols which allow building compositions from these web-services as design (calculations) workflows.
• to implement novel service-oriented design paradigm in Engineering according to which all levels of design
including components, circuit and system levels are divided into separate loosely coupled stages and
procedures for their subsequent transfer to the form of standardized web-services.
2) Extending of service management and monitoring facilities in a cloud computing environment by making these
services to be more centralized and allowing them to use interconnected multiple distributed services databases. To
realize this opportunity, it is necessary to incorporate in a cloud the service-based information similar to the type of
information captured in UDDI directory services and provide cross-cloud connectivity to facilitate the ability to openly
discover the services residing within distributed databases. Standard cloud APIs will let service providers deploy their
services seamlessly to multiple clouds computing providers and cloud computing providers should add features to their
cloud infrastructures to enable management and monitoring for deployed services.
3) Using of service metadata for service. Inference of machine-interpretable information about what the service can do
and what it can provide remains an open issue. Syntactic interpretation of service-based information lacks the
confidence to perform this function well because the meaning of underlying information is missing. Semantic
approaches that allow meaningful definitions of information in cloud environments offer solutions for many service
providers who may reside within the same infrastructure by agreement on linked ontology. Third-party software agents
operating within a cloud might be able to derive ontological information from the stored data and operations. Serviceoriented and cloud computing combined will indeed begin to challenge the way of enterprise computing development.
Thanks to ontology it becomes possible to create service-oriented applications even by orchestrating legacy applications
that do not support the Web Services specifications.
4) Performing semantic approach with help of novel RESTful Web services which are alternative to SOAP- and Web
Services Description Language (WSDL)-based Web services. REST (Representational State Transfer) defines a set of
architectural principles by which Web services can be designed with focus on a system's resources, including how
resource states are addressed and transferred over HTTP by a wide range of clients written in different languages. A
concrete implementation of a REST Web service follows four basic design principles:
(a) Use HTTP methods explicitly;
(b) Be stateless;
(c) Expose directory structure-like URIs (Uniform Resource Identifiers);
(d) Transfer XML, JavaScript Object Notation (JSON), or both.
Use only the standard HTTP messages -- GET, PUT, POST and DELETE -- to provide the full capabilities of the
application Exposing a system's resources through a RESTful API is a flexible way to provide different kinds of
applications with data formatted in a standard way. It helps to meet integration requirements that are critical to building
systems where data can be easily combined (mashups) and to extend or build on a set of base, RESTful services into
something much bigger. REST supports intermediaries (proxies and gateways) as data transformation and caching
components and enables transfer of data in streams of unlimited size and type.
It is planned to analyze recent trends in field of web-services and its semantic annotations, to compare and integrate the
procedure-oriented and resource-oriented services taking account their advantages and constraints and using
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LinkedData technology [7] for combining Web services, RESTful services and Semantic Web-Services on the base of
known SPARQL, RDF and other standards.
5) Re-engineering the existing service workflow tools (Taverna, Kepler or Askalon) for cases of orchestrating webservices of different types, including RESTful services, Semantic web-services and traditional WS* services by using
orchestration capabilities of standardized WS-BPEL engines, Linked Data Services (LIDS) and WSMX ( the prototype
of Semantic Web-Services workflow).
6) Demonstrating the effectiveness of the Service-oriented computing (SOC) in a cloud computing environment by
developing Engineering Design Platform, in particular, for modeling and optimization of Nonlinear Dynamic Systems,
based on components of different physical nature and being widely spread in different scientific and engineering fields.
It is the cross-disciplinary application for distributed computing in the form of a network of collaborative components
functioning within or across organization borders. it seems to be very useful for people who have needs to use
applications composed by SOC, as well as for the people who can design sophisticated applications using services.

3.4 Going research
For building a prototype of the Engineering Design Platform based on SOC we are looking partners for submitting
Horison-2020 project which are agree to participate in:
▪ developing a distributed web-services repository which provides the access to autonomous, platform-independent
Design procedures of CAE / CAD tools, say, for MEMS design (operations with large-scale mathematical models,
steady state analysis, transient and frequency domain analysis, sensitivity and statistical analysis, parametric
optimization and optimal tolerances assignment, solution centering, etc.) and supporting procedures (cross-domain
mathematical model description translation, data formats translation etc.) based on innovative original numerical
methods; Algorithms proposed for many design web-services are novel and unique (multi-criterion optimization,
optimal tolerances assignment, yield maximization, stiff- and ill-conditional tasks solving, etc.).
▪ providing possibilities for different research teams to contribute in web-services repository development using
different programming languages and planning to implement different data from distributed sources. Due to loosely
coupled web-services feathers users can modify and adapt a composed application which is preserved when some webservices are changed. Design in Engineering becomes personalized and customized because users can build and adjust
their design scenario and workflow by selecting the necessary web-services (as calculation procedures) to be executed
on grid/cloud resources. A user can also introduce new component models and their parameters, which is absent in any
existing SPICE-like simulation software.
▪ creating a service workflow tools for composition and orchestration of heterogeneous web-services into a user defined
computing scenario or a Design route, which comprises a set of ontologies, domain-specific heuristics, and a knowledge
base to support the semi-automatic workflow composition. In particular, the ontology will cover various aspects of
Engineering Design and the composition will be based knowledge advanced matchmaking algorithms based on the
assumption of concept types, the properties of inputs, outputs, and data. The workflow composition tool will adapt and
extend existing knowledge base solutions. The IASA will demonstrate how to semi-automatically create Engineering
Design workflows using a knowledge-based approach and how to improve their composition by elaborating different
workflow versions to increase the potential for optimising non-functional parameters (different workflow versions may
expose different potential for improving execution times, energy consumption, or computing costs).
▪ transferring Engineering Design Platform in cloud environment and execute it there on computing resources being
selected by a broker of cloud infrastructure middleware.
The prototype of developed grid-enabled service-oriented simulation platform consists of the following layers (Fig.1).
This architecture characterized in that: its web-accessible, its functionality is distributed across the ecosystem of both
web services and grid services (enabling utilization of grid computing resources); it is compatible with adopted
standards and protocols; it supports custom user analysis scenario development and execution; it hides the complexity
of web-service interaction from user with abstract workflow concept and graphical workflow editor.
User interface provides the following functionality: authorization, graphical workflow editor, project artifacts browsing
(input and output files management, simulation results visualizers etc.), task execution monitoring and others. The
server-side part of the architecture has several layers to reflect the abstract workflow concept described above. First tier
is the portal which organizes user environment: holds user data and preferences, controls user access, provides
information support, organizes user interface. Its modules are also responsible for: abstract workflow description
generation according to user inputs, passing this task description to lower architecture layers for execution, retrieving
finished task results and storing all the project artifacts in the database.
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The next tier is the workflow manager running on the execution server. It is responsible for mapping (with the help of
service registry) the abstract workflow description to the concrete web services orchestration scenario expressed in the
orchestrator-specific input language (like WS-BPEL for BPEL engines or t2flow for Taverna). It also initiates the
execution of the concrete workflow with the external orchestrator, monitors its state and fetches the results.
Concrete workflow operates with functional SOAP web services representing the basic building blocks of system's
functionality: data preparation and adaptation, simulation, optimization, results processing etc. Compute-intensive steps
are implemented as grid services interacting with grid resources to run computations as grid jobs. Introduction of the
new functionality to the system is accomplished through the registration of the new web or grid services.
The overall sequence of user scenario execution is as follows. User passes login procedure on the portal and accesses
workflow editor. He may choose and setup the activities available in repository to compose the scenario workflow he
wants to execute. It must be noted that some activity sequences may not be allowed due to logical incompatibility (e.g.
transient analysis as a predecessor or successor of frequency domain analysis) or data formats incompatibility (e.g.
between activities from different providers). These rules must be checked at design time by editor.

Fig.1 Main elements of service-oriented architecture of grid-enabled computer simulation system
Then the execution phase is initiated by user. User task description is passed to workflow management service on
execution server, where this abstract workflow is translated to the concrete one. Workflow manager parses the
description and checks for errors, requests metadata from service registry and performs mapping from activity sequence
to web service invocations sequence, described in one of the standard orchestration languages. Mapper unit of the
workflow manager should arrange web services in correct invocation order according to abstract workflow, organize
XML messages and variables initializations and assignments between calls, and provide the ways for run-time control
(workflow monitoring, canceling, intermediate results retrieving etc.). Then this concrete scenario is executed by
orchestrator.
When orchestrator invokes grid service the latter initiates the submission of grid job to grid resource: it prepares job
description and communicates with grid middleware to schedule and execute grid job. User is informed about the
progress of the workflow execution by monitoring unit communicating with workflow manager. When execution is
finished user can retrieve the results, browse and analyze them and repeat this sequence if needed. Simulation grid
services rely on the functionality of the ALLTED [8] simulation software and compatible with computing resources
accessible through Nordugrid ARC grid middleware. The test prototype of this system was deployed at the resources of
the NTUU “KPI” HPC Center. It offers the following:
● Automatic forming of mathematical model of an object (or a process) from description of its structure and component
properties as algebra-differential or differential equations resulted to the format which other subsystems of complex can
work with.
● Reducing the dimension of the formed mathematical model of an object (or a process) by transformation of structure
of object (a triangle to a star) and developing the macromodel of an object.
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● DC analysis of an object (or a process) based on automatically formed its model by the use of different methods:
Newton-Raphson, continuation of solving with a changeable parameter, the search for curve of decision.
● Application of the diagonal modification method for solving ill-conditional systems of linear equations, which
excludes necessity of equations reordering in the cases of zero pilot elements of matrix.
● Frequency analysis of an object (or a process) based on automatically formed model by solving the linear systems of
equations with complex coefficients and automatic determination of corresponding design parameters (frequency band,
resonance frequencies and values and others like that).
● Dynamic analysis of an object (or a process) in time domain based on automatically formed model by the use of
implicit methods of variable order ( 1-6) and variable step, and also automatic determination of corresponding design
parameters ( delay time, rise and fall times, etc.).
● Analysis of sensitivities of design parameters of an object (or a process) based on automatically formed its model in
time or frequency domains to changes of parameters of internal components.
● Parametrical optimization of parameters and characteristics of an object (or a process) based on automatically formed
its model in time or frequency domains by using the newest method of variable order (1th-4th ), which covers into the
gradient methods of 1th order and the quasi- Newton methods of variable metric of 2th order as particular cases.
● Statistical analysis of parameters and characteristics of an object (or a process) based on automatically formed model
in time or frequency domains by the Monte-Carlo method with possibility to optimize the coefficient of output (yields).
● Visualization of calculation results in a graphic form.
● Demo with the examples of solving applied tasks from energy, electronics, mechanics, ecology and other fields.
Different possibilities of description of an object for mathematical research are shown on fig.2 and the example of the
workflow for mathematical experiments is shown on fig.3.

Fig.2. Choice of an investigated object description options

Fig.3. A workflow forming example
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4 Conclusion and future work
Solution in hand is designed primarily to meet the needs of small and medium enterprises in the modern toolkit design
of complex technical objects and technological processes, as well as the small research laboratories to perform complex
computational experiments. A long-term strategy for the Engineering Design is to create flexible networked simulation
and modelling tools for “bottom-up” or “top-down/ bottom-up”. This original conception of Engineering SOC with
Design procedures as web-services has no complete competitor worldwide. Achieved results can be shifted to other
subject areas if necessary additional web-services are developed together with applied engineers with the possibility of
their replenishment and editing.
It is worthy to mention that IBM has proposed recently SOC-based Service Sciences as a new discipline [11] and IBM
sponsors universities’ educational initiatives and activities in this field because the services sector employs 75% of
labour force and SOC is the best technology for the service sector. The SOC paradigm supports the difference
between software design engineers and programmers, which is in the following: software design engineers define
software specification to meet the requirements of applications, while programmers take a given specification and write
a program to implement the specification. For example, under the traditional programming paradigm students are
taught the syntax and semantics of constructs, and are asked to develop small programs. Under the SOC paradigm
students learn a repository of reusable services, possibly supplied by third parties and vendors, and then they are asked
to compose applications by using the available services. SOC students are taught from the beginning that programming
is no longer writing programs, but visual composition and reusing of existing components. Just SOC programming is a
high-level visual modelling approach that will be easier to understand than traditional command line-based
programming constructs. The visual modelling will be further assisted by animation and simulation tools, e.g.,
Microsoft Viso and DirectX, so that students can follow the execution flow visually.
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