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Abstract — Data integration from autonomous, remote data  heterogeneous sources. The architecture is defined in

sources is complicated by the data source heterogeneity, lack of
methodological support and appropriate data integration
systems. To solve this problem, the On-demand Remote Data
Integration Architecture (ORDIA) is defined, which promotes
maintenance and allows minimizing data integration time. A data
integration task parallelization algorithm is the key part of this
architecture. A detailed description of this algorithm is provided,
and its performance is evaluated by experimental comparison
with other data integration solutions.
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l. INTRODUCTION

Companies make various decisions on a regular basis. The
accuracy of the decision depends upon adequacy of the
available data, number of alternatives and decision-making
model [1]. Data combination from different sources and
acquisition of a single comprehensible view on all of the
combined data is called data integration [2]. Data integration
for analytical purposes is called business intelligence data
integration [3].

The necessary data can be located both inside and outside
the organization. Traditionally external data are first copied
into a local centralized storage (e.g. data warehouse), however
such solutions are inefficient and hard to implement [4]. The
necessary infrastructure has to be provided, and the data must
be updated regularly. The evolution of web service related
technologies has provided an alternative approach — Data as a
Service (DaaS) [5] — [7]. In DaaS, data sources are
heterogeneous, remote web services. DaaS allows one to
retrieve only the necessary data when it is required by the
decision-making process, so data retrieval and combination
from Daa$S based data sources is referred to as on-demand data
integration.

Data integration from remote, autonomous sources is
complicated by heterogeneous nature of data sources, lack of
suitable integration solutions and methodological support. The
time needed for data integration must be minimized as it
constitutes a substantial part of the overall decision-making
process. For simple decision making problems data integration
time exceeds decision-modelling time [8]. Individual data
integration task parallelism can be achieved by multithreading
and parallel programming, however interdependencies among
data integration tasks must be considered.

The objective of the paper is to propose an approach to
parallelization of remote data integration tasks, as well as
experimentally evaluate it. The rest of the paper is organized
as follows. Section 2 reviews related work and identifies main
challenges which complicate data integration from
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Section 3; the developed data integration task parallelization
algorithm is summarized in Section 4. The results of the
experimental evaluation of the data integration task
parallelization algorithm are provided in Section 5. Section 6
concludes the paper.

Traditional data integration solutions like data warehouses
or virtual databases are not suitable for dynamically changing
data source interfaces and user requirements [19]. Constantly
changing environment makes maintenance of such systems
complex and expensive [20]. Data integration from DaaS-
based sources can be performed using ESB (Enterprise
Service Bus) [21], [22] however ESB is mostly used for
enterprise application integration and transactional data
integration. ETL (Extract, Transform, Load) systems are not
suitable for data retrieval from remote web services, because
they support XML and related specifications [9], [10] only
partly; nevertheless, XML is widely used in web services.

There are several researches that focus on data integration
from remote web services. Jun et al [4] have proposed a
dynamic data integration model based on SOA. It consists of
four layers — uniform data accessor, XML view and SOA
mapper, processing engine of XML data integration view and
XML data integration view. Masseroli et al [23] integrate
bioinformatics web services by using Search Computing
Based Data Integration Architecture. Abiteboul et al [24]
define Active XML (AXML) peer-to-peer integration
architecture. Its central elements are AXML documents
containing web service invocations, SOAP web services and
AXML peers, providing AXML document processing
services. Frehner et al [25] use a virtual database to integrate
distributed spatial data which is accessed via web services
based on WFS (Web Feature Service) specification.
Virtualization approach is also used in [26]. Data sources are
integrated by creating Unique Virtual View consisting of data
ontology, global light service ontology and a set of mappings
connecting elements of the two ontologies. Fujun et al [19]
have defined a Service Oriented Data Integration Architecture,
which performs on demand data integration from
heterogeneous, autonomous data sources. The web services
integrated must support SOAP protocol, and their metadata
must be expressed in WSDL or DAML-S language. There are
researches that concentrate on using XML for data integration
purposes [10], [27], however XML retrieval via web services
is not considered.
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Some of the mentioned researches are based on the
assumption that all web services will be SOAP based, there
will be sufficient metadata available and there will be an
option to modify web services to fit the data integration
system. Unfortunately, in practice these assumptions often do
not hold.

There are many factors complicating data integration from
remote, heterogeneous data sources. There is a large variety of
protocols and standards used in web services [11] — [13]. Web
service interfaces are dynamically changing [7]. The use of the
Internet as the medium for data transfer in conjunction with
web service interface variability leads to a high possibility of
errors during the data integration process. In cases when there
are a large number of functionally equivalent web services,
non-functional requirements like average response time and
percentage of dropped requests can become the most
important factors. That is why the quality of service and data
must be considered, however the available information can be
incomplete and devious [14]. Although the possible non-
functional quality attributes are defined [15], [16], automatic
data source (web service) discovery based on non-functional
requirements is complicated and not supported by the leading
web service register technologies [16] — [18]. There is a lack
of well-defined documents about web service and their
corresponding data usage permission, intellectual property
rights and legal issues [6].

1l. ARCHITECTURE

To provide effective remote data integration, the On-
demand Remote Data Integration Architecture (ORDIA) is
proposed. This architecture enables execution of multi-step
remote data integration processes according to decision-
making requirements. The architecture is based on the
abstraction approach — abstract data retrieval operations and
their corresponding input, output and error message data
models are defined. Web service methods are mapped to
abstract data retrieval operations by using abstraction layers.
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Fig. 1. On-demand remote source data integration architecture

The data integration process is defined using blocks and
their configuration parameters. It is formed by interexchange
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of data integration tasks among blocks. A block is the basic
functional unit of the data integration process; it provides
transformations, loops, conditional expression evaluation and
execution of abstract data retrieval operations. The data
integration process logic is completely separated from the web
service access logic which is encapsulated in the web service
abstraction layers. In case of web service interface variance,
the corresponding web service abstraction layer must be
altered. New alternative web services are added by creating
their abstraction layers and mapping them to specific abstract
data retrieval operations. In both cases changes in data
integration process logic are not required, thus promoting
maintenance.

The architecture (Fig. 1) consists of Service Register (SR),
Quality Data Repository (QR) and Functional Data Integration
Adapter (FDIA). SR stores information about abstract data
retrieval operations, their data models and abstraction layers,
which provide web service mapping to abstract data retrieval
operations. The data models are defined using XML schema.

The quality of web services and their data is stored in QR.
Quality measures stored in QR are monitored and updated
during the data integration process. QR allows effective load
balancing and web service selection based on non-functional
requirements. The main part of the architecture is FDIA,
which receives XML based initial data, data integration
process logic as an input and returns the required data. The
data integration process logic can represent complex
individual data integration task interdependencies, and it
contains:

Minimal allowable quality measures for the used web
services.

Weights of quality measures.

A set of data integration tasks forming the data integration
process.

Task interdependencies and correct execution order.

Maximum number of web services used for load balancing
within a single abstract data retrieval operation.

At the beginning of the data integration process, the initial
data are copied into the temporary data document. The
temporary document contains input data for abstract data
retrieval operations and is iteratively updated until it contains
all of the necessary data. FDIA is divided into Data Integration
Process (DIPC) and Operation Execution (OEC) components.

DIPC is responsible for monitoring of data integration
process execution, input data transformation according to
specific abstract operation input data models, realization of
loops, evaluation of conditional expressions and data
aggregation. To solve data integration task interdependencies,
a block mediator (BM) class is defined. Data integration tasks
created by blocks are sent to BM, which verifies if the task can
be further sent to its recipients for execution. The block
receives a data integration task only when there are no
blocking task dependencies. The possible data integration task
states are defined as idle, created, sent, processing, finished
and error.

The architecture contains three different block types:
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incoming data integration task only if block B has finished
processing the related data integration tasks.

When an abstract data retrieval operation is executed in OB,
OEC is called asynchronously to search for suitable web
services in SR and to execute a specific web service method
through the abstraction layer. This process also contains error
recovery, load balancing and update of web service related
quality data.

V. DATA INTEGRATION TASK PARALLELIZATION
APPROACH

Data integration task parallelization can be acquired using
parallel programming and multithreading, however in order to
provide correct and timely execution of data integration tasks,
their relations must be considered. Some data integration tasks
depend upon the result of other data integration tasks and
cannot be executed prior to receiving the required information.
Data integration task progress must be monitored, and block
relations have to be taken into account. The possible data
integration task states are as follows:

Idle — BM is unable to send data integration task to its
recipient due to a blocking dependency. Some of the data
required for data integration task execution is still unavailable.

Created — BM has received data integration task generated
by a parent block and has created the corresponding data
integration tasks for its successors.

Sent — data integration task is sent to the recipient.

Processing — block has read the data integration task and is
processing it.

Finished — block has finished processing the incoming data
integration task. The output data integration task is created and
sent to the BM.

Error — there has been an error in the process of data
integration task execution. The data required for data
integration task execution cannot be retrieved.

Data integration task parallelization is illustrated in Fig. 2.
Block B and C are the first level successors of block A. Block
E depends upon block D. Block A receives an incoming data
integration task with XPath address “/S”, adds its relative
XPath address to the XPath address of the incoming data
integration task and searches for corresponding elements in
the temporary data XML document. The element processing
logic is defined by the block class type (SB, TB, OB) and its
configuration parameters. In the example shown in Fig. 2, two
elements are found and two data integration tasks are sent to
the successors of the block A via BM class.
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Fig. 2. Data integration task interdependency detection

The incoming data integration tasks are processed, and
output data integration tasks are generated in blocks B and C
by analogy. In order to send data integration task to block E,
data integration task interdependencies must be considered.
The data integration task interdependency validation algorithm
implemented in BM is defined as follows:

A data integration task is generated in the predecessor of
block E (corresponding XPath address - “/S/Q1/R1”) and sent
to BM. This task is further referred to as dependent task. BM
has to verify if the dependent task can be sent to the recipient.

The common predecessor of block D and E is found. Itis a
block, whose successors (not necessarily the first level) are
both of the dependent blocks D and E. There must be no other
successor of the common predecessor, whose successors are
block D and E. The common predecessor of block D and E is
block A.

While navigating from block E to the common predecessor
of both blocks (block A), the data integration task which
initiated the creation of the dependent task is identified. It is a
data integration task with a matching XPath address
beginning. In this case the dependent task with XPath address
“/S/Q1/R1” was initiated by the data integration task with
XPath address “/s/Q1” sent by block A.

While navigating from the common predecessor of block E
and D (block A) to block D, data integration tasks initiated by
the data integration task identified in Step 3 are found. These
are data integration tasks whose XPath address beginning
matches XPath address found in Step 3 (“/s/Q1”, “/S/Q1/W1”,
“s/Q1/w2”), and they are further referred to as blocking tasks.
The states of the blocking tasks are verified:

If all of the blocking tasks have the state “Finished”, the
dependent data integration task can be sent to its recipient. The
data integration task interdependency check algorithm exits.

If at least one of the blocking tasks has the state “Error”, the
state of the dependent task is changed to “Error”, and it cannot
be sent to the recipient. A search is performed to find other
data integration tasks depending on the dependent task. If any
of them are found, their status is changed to “Error” as well,
and the search is continued to check if there are more data
integration tasks influenced by the error. The data integration
task interdependency check algorithm exits.

If none of the blocking tasks have the status “Error”, but not
all of the tasks have the status “Finished”, the state of the
dependent task is changed to “Idle”. It cannot be sent to the
recipient due to the blocking dependency.
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The blocking tasks are monitored (it is also checked for any L
new blocking tasks created). If the state has changed for any
of those tasks, Step 4 is repeated. .5

V.

Experiments have been performed on ORDIA prototype,
sequential data integration solution (implemented in C#) and
commercial ETL system (Microsoft SQL Server 2008
Integration Services) to evaluate the effect of data integration
task parallelization on the total data integration time Tk.
Calculation of the mathematical expression (1) is chosen as an
example, web services performing mathematical operations
are used to simulate remote data sources.
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Fig. 3. Mathematical operation performance order: (a) sequential, (b) parallel

Calculation of the expression is repeated several times
Na€{1, 3, 5}, and the variability of the Ty is monitored. The
maximum number of simultaneous requests performed on a
data source Ly varies during experiments (Ly=o0 and Ly=1) in
the ORDIA prototype and ETL. Experiments are repeated 10
times to reduce experimental error. The order of actions
needed to solve (1) in the case of parallel and sequential data
retrieval scenario is shown in Fig. 3. The web services named
R1, R2, R3, R4 and R5 are implemented in PHP using the
REST architectural style. Web service R1 is used for
aggregation, R2 performs subtraction, R3 allows
multiplication, R4 performs division, R5 allows getting power
or root of a number. Web service request and response times
are registered to allow evaluating the web service load and Ty
in each of the scenarios.
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Fig. 4. Web service load and Tk in case of the sequential data integration task
execution, Na=3
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Fig. 5. Web service load and T in case of the parallel data integration task
execution using ETL, Na=3, Ly=1

Fig. 6. Web service load and Tk in case of the parallel data integration task
execution using ORDIA prototype, Na=3, Ly=1
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Fig. 7. Effect of T« on N, in each of the scenarios
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The observed web service load in case of the sequential data
integration task execution is shown in Fig. 4. Fig. 5 illustrates
web service load when using ETL. Fig. 6 visualizes parallel
data integration task execution in the ORDIA prototype. The
small blocks shown in Fig. 4, Fig. 5 and Fig. 6 represent web
service request and processing time; they are coded according
to mathematical operation designation in Fig. 3. The effect of
Na on T for each of the scenarios is visualized in Fig. 7.
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Fig. 8. Data integration process visualization in ETL, Ly=c0

In case of the unlimited concurrent web service requests,
the data integration process implemented in ETL is illustrated
in Fig. 8. Script Components performing web service
invocations are coded according to Fig. 3.

In case of the ORDIA prototype, L can be easily modified
and adoption to potential changes in web service interfaces is
implemented in web service abstraction layers without
affecting the data integration process logic, thus promoting
maintenance.

The most inefficient is sequential data integration.
Comparison  of parallel data integration processes
implemented in ETL and ORDIA prototype shows the
advantage of the developed data integration task
parallelization algorithm. It becomes more obvious when the
amount of the data to be retrieved increases (larger N values).
Unlimited number of simultaneous requests to a single web
service allows considerable reduction of T, when using the
ORDIA prototype. However the difference is less notable
when ETL is used.
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While experimenting with ETL, several problems have been
observed:

There are no ready-made blocks suitable for data retrieval
from web services, so the Script Component block has been
adapted.

The data integration process logic includes web service
access logic (implemented in Script Component blocks). In
case of the web service interface modification, the data
integration process logic has to be altered.

The data integration process is bind to physical web service
implementation. In case of an error, it is hard to implement
load balancing and web service substitution, and it would
complicate the data integration process logic even more.

There is no convenient way to set the maximum number of
concurrent requests performed for a single web service.
Simultaneous requests can only be limited by performing
manipulations with ETL blocks (in this case Merge Join
blocks have been used). To change Ly the data integration
process logic must be altered. Only two possible Ly, values can
be ensured — Ly=1 and Ly=oc0.

As it has already been identified in literature [9], [10], ETL
is not suitable for XML data processing. During experiments
X; values have been retrieved from CSV file and results have
also been saved in the CSV format.

VI.

Although the on-demand data integration from remote
heterogeneous sources is a promising approach which
provides no need for data storage infrastructure and regular
data updates, it is more complex to implement than the data
retrieval from well-known, local data sources. It is
complicated by web service discovery, interface variability,
use of semi-structured, hierarchical data format, high error
risk, ambiguous terms of use and necessity for load balancing.
There is a lack of suitable software and methodological
support.

This paper proposes the ORDIA system, which is based on
XML and related specifications and allows implementing the
on-demand data integration from remote, heterogeneous web
services. The components of the architecture and the data
integration task parallelization algorithm are defined.

To approve the significance of the data integration task
parallelization and the effectiveness of the developed
algorithm, tests have been performed using the sequential data
integration solution, ORDIA prototype and commercial ETL
system (Microsoft SQL Server 2008 Integration Services). It
has been acknowledged that data integration task
parallelisation allows significant reduction of the total data
integration time Ty. It has also been confirmed that the data
integration task parallelisation algorithm implemented in the
ORDIA prototype is more effective than the one implemented
in ETL when retrieving data from remote web services.

CONCLUSIONS
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Janis Kampars, Janis Grabis. Attalu avotu datu integracijas uzdevumu paralelizacijas pieeja

Uzpémumi ikdiena pienem dazadus lémumus. NepiecieSamie dati var atrasties arpus uzgnémuma. Datu savakSana un parveidoSana analizei piemérota forma tiek
saukta par biznesa intelekta datu integraciju. Lai analiz&tu ar&jos datus, tradicionali tiek izveidota to pilna lokala kopija, tomér tam ir nepiecieSama atbilstosa
infrastruktiira un regulara datu atjaunoSana. Eksisté alternativa pieeja — dati ka pakalpojums (Data as a Service), kura datu avoti ir attalas, heterogénas timekla
pakalpes. Lidz ar to ir iesp&jams iegit tikai nepiecieSamos datus tad, kad tas ir nepiecieSams (pieprasijuma datu integracija). Atkrit jautajumi, kas saistiti ar
infrastruktiiras izveidi liela datu apjoma glabasanai un regularu datu atjaunosanu. Tradicionalie datu un lietojumprogrammatiiras integracijas riki nav pieméeroti
datu integracijai no ar&jam, heterogénam timekla pakalpém. Integracijas procesu sarezgi vairaki faktori, pieméram, datu avotos izmantoto protokolu un standartu
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dazadiba, dalgji strukturéta formata izmantoana un datu avotu interfeisu mainiba. Saja pétfjuma tiek definéta attalu avotu pieprasijuma datu integracijas sistémas
arhitektiira, kas balstas uz abstrakcijas pieeju un Jauj pilniba nodalit datu integracijas procesu no timek]a pakalpju piek]uves logikas. Ipasa vériba tiek pievérsta
kopgja datu integracijas laika minimiz&Sanai un datu integracijas uzdevumu paralelizacijai. Tiek definéts algoritms, kas nodro§ina pareizu un savlaicigu datu
integracijas uzdevumu izpildi. Lai novértetu algoritma efektivitati, sistémas prototips tiek praktiski salidzinats ar komercialu ETL sistému (Microsoft SQL Server
2008 Integration Services) un secigu datu integracijas risinajumu. legitie rezultati apstiprina datu integracijas uzdevumu paralelizacijas nozimi, ka ari to, ka
arhitektira istenotais algoritms lauj nodrosinat mazaku datu integracijas laiku nekd ETL sistéma. Starpiba starp datu integracijas laiku ETL sistéma un
arhitektiiras prototipa pieaug, palielinot izgiistamo datu apjomu un nonemot limitu vienlaicigi izpildamo pieprasjjumu skaitam. Ir apstiprinats pienémums, ka
ETL sisteémas nav piemérotas datu integracijai no attalam timekla pakalpém.

SAnuc Kamnape, SIauc I'paéuc. MeToa napajuieJu3aluy 3a/1a4 HHTErPaluy JAHHBIX U3 YIAJEHHBIX HCTOYHHKOB

B cBoeit noBCeAHEBHOI AEATEIBHOCTH KOMIIAHMU PErYIIPHO HMPMHUMAIOT pas3id4Hble pemeHus. HeoOxoamMble NaHHbIE MOTYT HAaXOIUTHCS 3a IpeJienaMu
KkoMmaHuy. M3BiedeHne TaHHBIX ¥ UX TpaHCc(OpMAIHs B IIEJIIX aHaIN3a Ha3bIBAeTCS MHTErPAIUell JaHHBIX OM3HEeC-aHATUTHKY. J[JI aHamM3a BHENIHUX JaHHBIX
TPaAULIHOHHO JIETAI0T HOJHYIO JIOKAIbHYIO KOIHIO, UL Yero TPEOYIOTCS COOTBETCTBYIOMAs HH(PPACTPYKTYpa U peryJIpHbIe OOHOBIEHUS JaHHEIX. CylecTByeT
aJIbTEPHATUBHBIN [OXO/ - NaHHble Kak cepsuc (Data as a Service), B KOTOpOM HCTOYHMKAMH JAHHBIX SBIISIFOTCS YIaJIEHHbIE FeTepOreHHbIe BeO-cepBHChl. Takum
00pa3oM, MOXKHO IIOJIYYHUTh TOJIIBKO HEOOXOAMMBIC JaHHBIE TOIJA, KOT/a 3T0 HeobXxoaumo. B aTom ciyuae mpoOneMsl, KOTOpbIe CBsA3aHBI ¢ HH(YPACTPYKTYpOH
JUISL XpaHEeHHs1 OONBIIMX OOBEMOB NAHHBIX M PETyIIPHOrO OOHOBIICHHS JaHHBIX, OTCYTCTBYIOT. TpaJWIIOHHbIE PELICHHS I MHTErPaluy IPHIOKEHUH U
JIAHHBIX HE TOAXONAT JUIS MHTErPaliMy JAaHHBIX C yHAJIEHHBIX TETEPOreHHBIX BeO-CEPBHUCOB. MIHTErpaliio OCIOXKHSAIOT TakHe (haKTOPbI, KaK HCIIOIb30BAHHE
Pa3IMYHBIX CTAHIAPTOB M IPOTOKOJIOB B HCTOYHMKAX JNAHHBIX, IONYCTPYKTYPHPOBAHHEIA (hopMaT M M3MEHYHMBOCTH MHTepdeiica. B aTolt pabore ompeneneHa
apXUTEKTypa M1 UHTErpalii JaHHBIX C yHaIEHHBIX TeTEPOTrCHHBIX BeO-CEPBHCOB. APXHTEKTypa OCHOBaHA HA IIOAXOMe aOCTPAKIMU M MO3BOJISIET OTAENUTH
JIOTHKY JI0CTYIIa BeO-CEpBHCOB OT JIOTMKH IIpoliecca HHTErpaluy JaHHbIX. Oco00e BHUMAaHHE Y/CJI€HO MUHUMH3AIUK OOIIEro BPeMEHH UHTErPalMK JaHHBIX U
napajUIeNli3alyy 3a/ad MHTerpaluy JaHHBIX. Pa3pa0oraH anropuTM, KOTOPHIH 00ECIeYMBAaeT TOYHOE M CBOEBPEMEHHOE BBINOJHEHHE 3a/ad HHTErpaluy
naHHbIX. [ oneHKH 3((EeKTHBHOCTH aJrOpUTMa IPOTOTHUII CHCTEMBI PAKTHIECKH cpaBHEeH ¢ komMmepueckoil ETL cucremoii (Microsoft SQL Server 2008
Integration Services) u IOCICAOBATEIbHBIM PELICHUEM HHTErpaliu AaHHbIX. [lodydeHHbIe pe3ynbTaThl MOATBEPIKIAIOT 3HAYCHHE MapauICIU3alluy 3ahad
HHTETPalii JaHHBIX. AJITOPUTM, PEaIN30BaHHbINA B IPOTOTHIIE apXUTEKTYPHI, 0OecIIeunBaeT Ooiee OBICTPYIO HHTErpauio JaHHEIX, yeM ETL cucrema. Pasanna
B0 BpeMmeHu uHTerpanuu B ETL u B mpoToTuIe pacteT ¢ yBenu4eHHeM 00beMa N3BJICKaeMBIX JaHHBIX U ¢ YAAJICHHEM IIpe/ielia OJHOBPEMEHHBIX 3allpocoB BeO-
cepBucaM. B pesynbrate pabothl ycraHOBiIeHO, 4To ETL-cucTeMbl He MOAXOAAT JUIsl MHTErPALuK AaHHBIX C YIIEHHBIX B€0-CEPBUCOB.
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