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OnncaHo apxiTeKTypy XMapHHUX cepBiciB Ta OCHOBHI TeXHOJIOTIi /JIsi aJropuTMy BUOOpPY
cepBiciB (mocJayr). AHATi30BaHO XMapHi OOYHCJIEHHSI € aKTYaJIbHUMM JUIsi Pi3HOT0 BHIY
NPOrpaMHOro 3a0e3le4eHHs] Ta PO3MOALIEHHX O0YHCIeHb, fAAKI IPYHTYIOThCH Ha JOCTYmi /10
InTepHeTy, 110 O3HA4Ya€, 0 KOPUCTYBA4i MOKYTh OTPMMATH JOCTYN 10 CXOBMI i mporpam 3
BilyTaJieHNX cepBepiB 3a J0omoMorow Web-opays3epiB uM iHIIMX CTAHiOHAPHHX a00 MOGLILHHX
TepMiHaATiB. ONMUCYIOTHCSl pecypcd CTANIOHAPHUX Ta MOOLIBHMX TepMiHATIB, AKi € 00MeKeHNMHU,
caMe TOMY XMapHi 004YHC/IeHHs € NMPABWJIbHUM iHCTPYMEHTOM, SIKMil 3a0e3le4yuTh TepMiHAIU
Pi3HOTO0 poAy MOTY:KHHMH pecypcaMH sl JAOCSATHEHHSI CKJIATHUX cepBiciB. Po3risHyTo apxi-
TEKTYpy XMAapHHUX CEpPBICiB Ta KJII0OYOBi alropuTtMu BUOOPY cepBiciB 3 afanTUBHUMHM BUKOHAH-
HAMH | MiHIMaTbHUMM BUTpaTaMH. 3anpoNoOHOBAHA apXiTeKTypa XMapHHUX cepBiciB € HeOe3min-
CTAaBHOIO, 2 HaBe/leHi A ITOPUTMH BUOOPY HEOOXiTHOTO cepBicy € JOCTYITHUMM, MOKYTh 3MIHIOBATH
MaclTad Ta € BOAHOYAC ATANTHBHUMHU 10 Pi3HUX TUIIB CEPBICHUX i KIIIEHTCHKUX cepeI0BUIL.

KalouoBi cioBa: cucrema, indopmauiiinuii mortik, indopmaniiini npouecu, “xmapHi
o0uMciIeHHs” , KOpNOpPaTHBHI iH(opMaiiiHi cucTemu, iHopmauiiiHa TexHOJIOTidA.

This article describes the architecture of cloud services and key technologies for algorithm
sdection services. Cloud computing is relevant to various types of software and distributed
computing based on I nternet access, which means that users can get an access to applications and
sorage from remote servers using web browsers or other stationary or mobile terminals.
Resour ces of stationary and mobile terminals are limited, which is why cloud computing is the
right tool that will provide different kinds of terminals with power ful resour ces to achieve complex
services. In the article considered the cloud services architecture and key algorithms for choosing
services of adaptive performance and minimal costs. Architecture cloud services is arguable, as
proposed algorithms choose the desired service is available, and can change scale, it is adaptable to
different types of service and client environments, at the sametime.

Keywords: system, information flow, information processes, “cloud computing,”
cor por ate infor mation systems, infor mation technology.

Introduction

Quick advances in cloud computing gradually changes the mode of distribution and maintenance of
software and applications. In addition, hardware manufacturers suffer losses on conversion of information
products, people may need only basic devices to connect to the Internet and for infinitely powerful
resources and services from remote servers. This is, as a huge challenge, as an opportunity to make
distributed computing more mobile. Cloud computing is actually a cloud service to users and customers,
which has the following characteristics: dynamism, lightness, low cost, reliability and confidentiality.
Cloud services are increasingly important in terms of costs and benefits. In the future there will be many
services available from service or cloud computing, and the choice of optimal service is the main problem,
thisis our motivation and contribution into this project.

Related works
T. V Raman [1] presented a modd of use / ddivery, where application logic, along with the data
network is in the clouds. Cloud computing [2] is similar calculations “ on demand”, as the softwareis similar
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to the service or the Internet as a platform. Cloud computing does not provide local and remote access to
various types of software and applications. Random practical application of cloud computing are services for
handling with the documents (Google Docs, Adobe Buzzword, Photoshop Express, etc.) and computing in
enterprises (Salesforce.com, IBM Blue Cloud, Amazon S3 starage cloud, EC3, etc..). Cloud computing [3]
based on decades of research in the fidd of virtualization of distributed computing, utility computing,
networking and software services. In the document [4] presented by cloud service integration and expansion
of the distributed system architecture. Infrastructure based on cloud [5], includes cloud storage services,
cloud data services and cloud computing services. Clouds are different from grids [6], so that they evolved
from Web 2.0, while a grid has isolated of cooperation simple calculations. There are three types of displays
using clouds: large procurement proposal centers with many hardware with good natural communications,
and companies with large IT departments, who will build their own clouds (such as Intel, Boeing, and eBay).
Cloud services are expanded concept of cloud computing. Cloud service focuses on server-side service mode
and method of sdlecting service - for computing and data from the cloud.

The aim of the study is to determine the characteristics of cloud services for mobile computing and
analysis of algorithms of their choice.

Architecture of cloud service
Cloud services for mobile computing services include: architectural services methods and
procedures (forward request / process / selection / return), which uses both server and client side. Cloud
service as service-oriented architecture, can be divided into hierarchical model, based on its types provided
to clients. We discuss some aspects of customer service and parts.

Hier ar chical model of cloud service
Cloud service provides all kinds of services from infrastructure hardware to data, software,
applications and storage. Hierarchical cloud service model can be represented in Fig. 1.

Applications service

Software service

Data service

Accumulation service

Infrastructure service

Fig. 1. The hierarchical model of cloud service

Cloud services can be seen as an ecosystem, consisting of devevopers and consumers, according to
its life cycle from emergence up to the application, and users can be divided into 4 types according
to Fig. 2. Thisis hierarchical structure, the shape of which means that users with different numbers scale,
bottom-up, usually numbers tend to increase.

Granularity Service (graininess)

When there are many services in cloud, they must be organized in a hierarchical structure to reduce the
cost of the search. Fig. 3 shows us that the root service may consist of subservices. This also means, that
cloud services can have several partial replications in distributed nodes, that require certain features cloud-
based service. Locality and replication may reduce the cost of communication and ensure the reiability of
recovery. Service granularity (graininess) varies as a pair of low-grade and high degree of intensity. Low-
service small grain may rise to high granularity, as wel as integrated average grain service may increase to
service of large or extra large granularity that satisfies an integrative task or project. Fig. 3, puff numbers
marked nodes can be atomic services that are used to achieve higher service levels and higher capacity.
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Atomic services can be all kinds of service units such as hardware, software, platform, storage, data,
components, and business, etc. that may be spread wide coverage areas or clusters specified some remote
servers that belong or operated by different companies or virtual organizations or in owners collaboration or
competitive contracts, palicies, laws or regulations, governed by economic or other kinds of benefits.

\ Client services /

Integration and allocation
of resources services

\ Copyright services

C Developers

Fig. 2. The hierarchical sructure of the cloud ecosystem

Fig. 3. Grainy cloud service model

Selection
When users get access the cloud service, they will choose the services that best meet their needs.
Cloud service delivery mechanism has to evaluate custom preferences by selecting the desired context and
design service that meets certain requirements.

Users opportiunities
In the mobile computing user capacity is limited. For example, mobile devices have small screen,
limited storage space, poor ability to process dynamic energy and limited mobility. Cloud services must
meet all of these requirements to the result of his work was effective, responsive and accessible,

Therelationship between clients and services
The main goal of cloud services is to provide customers convenient and low-cost service. The
relationship between cloud and client service are obvious. Customers can access the cloud services using
the service proxy, a proxy service can be one or more, as shown in Fig. 4 and Fig. 5.
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Clients | Proxyserver | — Cloud services

Applications service

Software service
Clients H Proxy server

Data service

Accumulation service

Infrastructure service

Fig. 4. Access to the cloud through a simple proxy

Fig. 4. lllustrates all clients access to the cloud service through a proxy server, which is responsive
only to small scale services, which can easily lead to errors. Fig. 5. we describe user access to the cloud
service with many proxy servers of various types, locations, etc. The last ratio is adaptive to large clouds of
scaleand is the best in reliability, load balancing, stability, etc.

Clients ____) Proxyserver |— Applications service

\ Software service

Proxy server < Data service

k Accumulation service
Clients Proxy server Infrastructure service

Clients

Fig. 5. Access to the cloud through several proxies

Conduct mode service
Like service-oriented structure, there are three roles in cloud services: check-in service, discovery
service and proxy service as shown in Fig. 6. Before the service becomes available, it should be registered.
When a client sends a request to the service, the service should be open by using a proxy server. When a
proxy server is needed customer service, it responds to the request of the client and performs certain
functions or components.

Fig. 6. Daily cloud service behavior

Here there are many constituent units, they are: service registration, service proxy, service
discovery, based on the requirements for configuration provider, and the requirements of the cloud.
Multiple proxy services can interact with each other to build a network overlay for cooperation or
competition. This will involve complex and interesting tasks, similar to humanity organization and social
behavior that can be discussed later by game theory, evolutionary algorithms, etc.
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Sear ch service algorithm

When customers get access the cloud service via a proxy server, many servers will be available for
them. Choice algorithm of services will determine the cost of services and their benefits. Cloud services
has such service attributes as price per unit of service, distance, time response, traffic and places to save,
etc. When a client sends a request service, he does not know his attributes, unlike the proxy server that has
al the information. Client shall only make a request for a particular purpose, such as minimum cost or
maximum profit, then proxy server assess attributes reevant service and choose the best for customer
service. If there are multiple proxy servers, the principle of selecting the best service remains unchanged.

The procedure for selecting the service can be illustrated as follows. When a client sends a request
for a service through a proxy server, proxy server has the following algorithm. First, the proxy selects a list
of all the relevant services from the cloud using the service discovery capabilities and assesses the state of
these services, remove unavailable services and their elements, and keeps a list of all available services.
Second, the proxy server chooses from allist of available services based on user preferences and objectives,
such as the maximum benefit, the best performance or minimal cost. Third, proxy directs client request to
your service provider, in turn, provider performs certain programs to return the results of computations
required or service. If only selected provider can’'t succeed to return the client required service, proxy
server will be natified and will choose the next best provider to do it again. If attempts to return exceeds a
certain threshold (eg, 5 times, or 16 minutes), the proxy server returns an error to the client. Finally, the
client must send a service request again not in any order or voluntarily.

Selection list of available services
When a customer sends request to the proxy server, it asks service discovery to get list of existing
services and the associated degree of availability of service. Accessibility tools can include a many aspects, of
serviceand as S, we denote as Ay, A, Ais,... Aj,..., Aim, Where m—is the number oft tribute for every service.
Also we use W to refer importance of every service attribute weight, where j = 1, 2, 3,..., m. Then the
availability of service can be characterized as A;, described by equation (1). Service with attribute A; have to
be more than the threshold 9, then the serviceis available and it is added to the list of available services. Later
proxy server need to choose the most optimal service from the list of available services. If there is a large
number of services, the proxy can choose several of the best services available as a set of services.
Az(évvijpﬁj)'q «y
j=1l.m
Algorithm of election list of available services representationsin Fig. 7.

£ ¥ Blgorithm 1

AvailableServicelLisc3election (51, Wij, Aij where 1 = 1..n, 3 = 1..m; float Oo; int k)
ff 51 = means, that service is in the clowd

AF AL - mcans, j attribute of service i

£ Wij - means, every service attribute weight

A/ Og - means, availability threshold

fk - means, the expected number of service, initialized number O

As = { }2
IOE_&DGH 5i in the cloud by service mevadata do
{

calculate AL by equation (1):

if (Al »>= Q) then

{

A= = Ralf{{5i,R1)}:

1
}
sort (As) by AL descendent:
if (As »>= k and k > 0) then
{

return Ask which top k item= of As;
}
raTurn As;

Fig. 7. List of available tools election algorithm
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Selection of service with a maximum use and minimal costs

Given that, there are k avaible services from systems with cloud services, that are selected by
previous algorithm, the next step is to choose an optimized set from a set of available services. Algorithm
of selection service with the greatest benefit can be described as follows. It is assumed that the servicei has
m subbenefits Gy, Giz, Gis,..., Gim, @nd importance of weight can be mark as a1, 0z, &is, ..., aim. Then benefit
Gi can be calculated using the formula (2).

[*]
G = j?n?ije‘ij )

Proxy service expects to benefit from the list of available services, service and receives the
maximum benefit. Minimum cost selection algorithm can be described as follows. Given that the service i
has m -subcosts Ciy, Giz, Cia,..., Cim, and importance of weight Si1, iz, Sis, ..., fim- Then the minimum cost C;
can be calculated using the formula (3).

[*]
C = qubijcij 3)

Proxy calculates the costs of services from the list of available services and then gets service at
minimal cost.

Considering the proportion r, which corresponds to the maximum benefit, and (1-r), which meets the
minimum costs, where r (1 [0,1]. If r = 1, it is the algorithm of maximum usefulness, if r = 0, the
algorithm is equal to the reverse algorithm of minimum cost. There proxy server have to select grid of the
most useful services to improve service, designated as Gg;.

Compromise maximizing benefits and minimizing costs is presented in Figure 8.

Il Algorithm 2
CptimizedServiceSelection (5i, aij, Gij, bij.Cij where i = 1l..n, J = 1..m; float r)

/f 51 - means, that serviee is on the eloud

f7 Rij - means, j attribute of service i
fF Gij = means, j link of serviee i
[ Cij - means, j maintenance costs of service i
/f aij, bij = means, take the value 1 or value set provider
M or = means, that the percentage increase from 0 to 1
{

O = { };

for each 3i in the cloud by the available service =et As do
{
calculate Gi by eqguation (2):
calculate Ci by egquation (3):
H
=select maximum of Gi;
select minimum of Ci;
calculate Goi by equation (4):

Oa = sore {(5i, Gei) 41 = 1,2,...}:
select the service k with maximized Gci:
do

{
execute the service k;
if (success) then
{
return result to the client;

}
elas

{
Ga = Q3 - {(5k, Geck)}:
select the next neares service k with Gci to be executed;
}
} while (0& <> 00 and (not timeout)):
if (timeocut) then
{
return failure to the client;
}

Fig. 8. Optimized algorithm of service selection
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Analysis of the two-step selection algorithm

We can define algorithms that have been described above, as two- stage sel ection services algorithm,
as the first step is to identify the list of avaible services, and the second — optimization of selecting of
service, taking into account the maximum benefit and minimum cost. We mostly appreciate and analyze
the performance of two-stage algorithmby such factors as availability and scalability. Other factors of
performance such as reliability and security more concern to applications. First we are talking about - the
availability. It is assumed that the condition of these algorithms is independent of services and types of
customers, whether they are services of various types, so-called “rich” clients as users PCs, laptops, or
“poor” as owners of PDA devices, mobile phones and so on, the two-step algorithm is accessible and
responsive to them.

Second, we discuss scalability. With algorithm of service selection, proxy can choose the best
available service that meets the user’s query. Even if the number of client requests is huge, proxy server
perform the same calculation method to choose the best service to the customer. Therefore, this algorithm
isreliable and scaled. Also, proxy servers can communicate with each other in cloud services that will help
reduce the computation time and increase efficiency, but increase time communication and increase traffic.
Results of range of services selection can be cached or recorded in the profiles for improved performance
later related processes for selection.

Conclusion

This article cloud service contains more expanded content than just cloud computing. Also it was
proposed cloud service architecture and a two-stage selection algorithm service. Typically, users (clients)
validate access to the cloud service using a proxy server to sdect the service with the lowest cost and
greatest benefit, such as greater speed of response, greater efficiency or greater convenience. The algorithm
is affordable, scaled and adaptable to different kinds of clients and service environments. This algorithm
can be applied also for cloud computing in the future, because the number of available services that you
can chooseis big.
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