2R UNIVERSITAT %) oy |
i) PoOLITECNICA PRRRO
. DE VALENC%A Lenire de Investigecién sn Métodos

de Produccion de Software

Valencia, 16 January 2024

REVIEW
of the scientific consultant for the dissertation work of
Nalgozhina Nurgul Zhomartkyzy "Models and Methods of
Hybrid Management of Business Processes Based on RPA
Technologies," submitted for the degree of Doctor of Philosophy
(PhD) in educational program: 8D06102 - Computer and
Software Engineering.

Background.

The modern processes of globalization and market instability make
business management highly complex. Despite the abundance of innovative
management products, their implementation and adoption still require a deep
understanding of internal processes, which is impossible without human
intervention. Moreover, the use of various methods and automated tools does
not provide any guarantees. Thus, business owners strive to find or create an

efficient and superior management system. Robotic Process Automation
" (RPA) is a popular technology for automating processes, which utilizes a
software robot to perform human functions thro ugh graphical user interfaces.

In the global business process management market, traditional models
are often used, which are represented simplified. A business process is
understood as a sequence of actions or operations leading to a goal. The
consequence of this simplified representation of a business process is low
productivity, high production costs, weak manageability, flexibility, and
dynamism, as well as reliability in the functioning and operation of the
business process.

This research work is aimed at developing a hybrid approach to
business process management, with the' integration of robotic agents into
traditional processes. The study presents the results of experimental research
on the hybrid RPABPM model (using logistic processes as an example),
demonstrating the prospects for efficiency and energy consumption.

This work is aimed at developing a software "robot" and determining
which business processes are subject to automation. This implies that the
selected process must be standardized and definable based on established
human rules, as it may not impact the entire information technology
infrastructure of the company. The implementation of RPA technology



UNIVERSITAT
POLITECNICA
DE VA\LEN CIA Centro de Investinacién en Métados

de Produccién de Software

within BPM leads to a reduction in operational costs and an improvement in
key process characteristics.

The aim of the research conducted by the candidate Nurgul
Nalgozhins is to enhance the efficiency and coherence of logistic business
processes using robotic agents.

The tasks set before the candidate include:

» Systematic analysis of the subject area and algorithms of hybrid
business process management,

e Development of an efficient model for integrating RPA and BPM
(RPABPM).

 Mathematical modeling of business process automation using RPA.

o Calculation of effectiveness indicators for the developed
mathematical model.

* Conducting experimental research to assess key performance
indicators of the RPABPM hybrid model.

Results.

The research has yielded several noteworthy and significant results,
contributing to the advancement of hybrid business process management
(BPM) by integrating Robotic Process Automation (RPA) technologies:

e A comparative analysis was conducted among existing models to
determine technological transformation in business process
management.

* A model for integrating RPA and BPM (RPABPM) was developed.

* A RPABPM strategy was proposed, comprising five stages (design,
modeling, execution, monitoring, and optimization) to achieve
optimal business automation and energy savings.

e The system was successfully . tested on a Programmable Logic
Controller (PLC), which was used for data collection through an
Internet of Things (IoT) adapter. The IoT adapter was utilized to
gather discrete and continuous signals from the PLC using MATLAB
simulation.

o The proposed method was compared with contemporary approaches,
demonstrating superior efficiency and reduced energy consumption.

Recommendations and Remarks on the Dissertation:
* Optimization of the Proposed Hybrid Model:
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It is recommended to conduct further research and development to optimize
the integration process of RPA and BPM. This entails exploring new
methods and algorithms that can enhance the coordination and collaborative
utilization of these technologies, aiming to achieve maximum efficiency.
* Experimental Testing:
To validate the effectiveness and practical applicability of the RPABPM
hybrid model, it is advisable to carry out more extensive experimental testing
under diverse conditions and across various types of business processes.
 Expansion of the Application Scope:
It is recommended to explore opportunities for extending the application
scope of the RPABPM hybrid model to encompass other types of business
processes beyond logistics. This would enable a broader utilization of this
technology across various industries and business domains.

In the dissertation, there is a need for a more in-depth exploration of
the experimental aspect of the work, including the presentation of
comprehensive data and statistical analysis in the form of graphs.

Taking into consideration the above-mentioned, I believe that Nurgul
Nalgozhina Zhomartkyzy deserves to be awarded the degree of Doctor of
Philosophy (PhD) in the field of “Computer and Software Engineering,”
under the educational program 8D06102,

Should any additional information be required, don’t hesitate to
contact me for it.
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OT3bIB
HAYYHOr0 KOHCYJIbTaHTa Ha AMCCEPTALMOHHYIO paboty HonroxuHoi
Hypryn JKomapTkei3el Ha Temy "Models and methods of hybrid
management of business processes based on RPA technologies",
NpPE/ICTABJIEHHYIO HA COMCKAHHE YUEHOM CTeneHu J0KTopa
¢unocopuu (PhD) no o6pasoBarensHoii mporpamme: 8D06102 —
«KomnbloTepHas ¥ NporpaMMHas HHXKEHEPHSI.

CoBpeMeHHbIe NPOLECCH [M06anu3auyy U HeCTaOUIBHOCTh PHIHKA CUJILHO YCIOKHSIOT
ynpasienne busHecom. HecmoTps Ha 06uiiie MHHOBALMOHHBIX YIIPABIEHYECKUX MPOAYKTOB, HX
BHE/PCHHE MO-MpeXHeMy TpeOyeT TiyOOKOro NOHMMaHHA BHYTPEHHMX MPOLIECCOB, YTO
HEBO3MOXKHO Ge3 BMeIlaTeNbeTBa yesioBeka. boiee Toro, HCHonb30BaHME Pa3IMUHBIX METOJOB U
aBTOMAaTH3UPOBAHHBIX MHCTPYMEHTOB HE JlaeT HUKaKuX rapaHtuil. Takum oOpa3zoM, BiajenbLbl
GusHeca CTPeMATCA HAWTH WK cO31aTh QPEKTHBHYIO ¥ NPEBOCXOAHYIO CHCTEMY YIPABICHHA.
PoboTusuposannas apromMarusauus npoueccos (RPA) - monyssipHas TEXHOIOrUS aBTOMATH3ALNN
MpOLIECCOB, KOTOpas HUCMOJB3YET IPOrpaMMHOro poboTa Ui BHINOJHEHHS YeJOBEYECKUX
(yHKLpii ¢ TOMOLIEIO rpadUUIECKUX MOTB30BATENLCKUX UHTEP(EHCOB.

Ha MupoBoM phbiHKe ympapieHMss GU3HeC-MpOLECCAMH  YacTO  HCHOJB3YIOTCS
TpaAMLMOHHbIC MOEIH, KOTOPEIE NPEACTABICHBI YIIPOIIEeHHO. BusHec-npouece noHumaercs Kak
MOCJIE/I0BATe/ILHOCTh NCHCTBUI WM ONepauui, BeAYIMX K AOCTHKeHuio uend. CreactBuem
TaKoro ynpoIueHHOro NpeiCTaBjieHns Ou3Hec-npouecca sBISETCS HU3Kas MPOU3BOJAUTENLHOCTS,
BBICOKHE TIPOM3BOJICTBEHHEIE 3aTPaThl, cabas ynpaBisieMOCTh, THOKOCTE M JAMHAMM3M, 4 TAKKE
HaJIeKHOCTh (PyHKIMOHUPOBaHUS GU3HEC-TIpOLECCa.

Hanuas uccnenopareibckas paboTa HanpasiieHa Ha pa3paGoTKy TMOPUIHOTO NOJAXO0Ma K
YNpaBiieHuio OU3HeC-MPOLECCaMu C HHTErpalyiell poGOTH3MPOBAHHEIX Ar€HTOB B TPAIUIMOHHbIE
mpouecchl. B uccnenoBanum npejcTaBneHbl pe3y/bTaThl SKCHEPUMEHTAIBHOIO HMCCEe0BaAHHsA
rubpuanoil monenu RPABPM (Ha npumepe JIOTMCTMYECKHX MPOLECCOB), AEMOHCTPHPYIOLIME
NEPCTEKTHBEI NOBBIIIEHUS 3(PPEKTUBHOCTH U DHEPTrONOTPeOIeHUS.

Hanuas paboTa HanpasiieHa Ha pa3paboTKy porpaMMHOro "pobora” u onpe/iesienne Toro,
Kakie OM3HEeC-TpOLEeCChl MOUIEKAT aBTOMATH3AUMK. OJTO MOAPa3syMeBAaeT, YTO BBIOpPaHHBIMH
nporecc JO0JDKeH ObITh CTAHJAPTU3MPOBAH W MOAJABATHCS ONPEIENEHUIO Ha OCHOBE
YCTaHOBJICHHBIX Y€JIOBEKOM NPaBHMII, MOCKOJILKY OH MOXET HE BIUATb Ha BCIO MHDPACTpyKTypy
MH(OPMALMOHHBIX TEXHOJOTWH KoMnauuu. BHenpenwe Texxomormn RPA B pamkax BPM
TPUBOJUT K CHYDKEHUIO OKCILTYyaTAlHOHHBIX PACXOIOB U YJIy4IIEHHIO KIIFOUEBBIX XapaKTepUCTHK
npouecca.

Lenplo uccneOBaHUsA, NMPOBEAECHHOTO KAHIMIATOM Hypryn Hounroxxunoii, sBisiercs
noseleHue I(GPEKTMBHOCTH M  COrNACOBAHHOCTH JIOTHCTUYECKMX OW3HEC-TIPOLIECCOB €
VICIIOJIb30BaHUEM POOOTHU3MPOBAHHEIX ar€HTOB.
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CucteMHBIN aHaNM3 mpeaMeTHOW 06JacTH u aJITOPUTMOB YIPABICHUS THOPUIHBIMU
OusHec-mpoueccamu.

Paspaborka apdextuHOM Monenn unTerpawun RPA u BPM (RPABPM).
Maremaruyeckoe MoeIMPOBaHIEe ABTOMATH3ALMK OVM3HEC-TIPOLIECCOB C UCIIOIB30BAHMEM
RPA.

Pacyer noxasarerneii s dexTuBHOCTH 1151 paspaboTaHHOl MaTeMaTHYECKO MOZETH.
IIpoBenenne sxcnepuMeHTANBHBIX UCCIIENOBAaHUI U1 OIEHKM KIIIOUEBEIX MOKaszareneii
s¢dexTuBHOCTH rUGpPUIHOH Moxenmn RPABPM.

PesyabTarsi.

I/ICCHC,HOBGHHE AaJl0 HECKOJIBKO 3aCIy>KMBAIOIIUX BHUMAHHA U 3HAUMMEBIX PE3YILTATOB,

CIOCOOCTBYIOIMX TIPOABIKEHUIO THGPHIHOTO ynpasiieHus: OusHec-npoueccamu (BPM) 3a cuer
UHTErpaLii TeXHONOTHi POOOTU3MPOBAHHON ABTOMATU3AIMHU IIPOLIECCOB (RPA):

@

BBl NpoBeNeH CpaBHMTENBHEBIN aHanu3 CYLIECTBYIOLIUX MOJENEH M omnpeneneHus
TEXHOJIOrMYECKHX MPeodpasoBanuii B ynpasieHnn Gu3Hec-poreccamu.

Bruna paspaborana mozens unterpanuu RPA u BPM (RPABPM).

Beuia npennoxena crparerus RPABPM, BKIIOYAIONMAs IISITh STAMOB (mpoexTupoBaHue,
MOZCTMpOBAaHHE, OCYLIECTBICHHE, MOHUTOPUHT U ONITHUMHU3ALMS) JUIS JOCTHIKEHHUS
ONTAMANBHOK aBTOMATH3aLMH GU3HECA U SKOHOMMM SHEPTHH.

* Cucrema 6bina ycrmemso NIPOTECTUPOBaHa Ha TNPOrpaMMHUPYEMOM JIOTHYECKOM
koHTposuiepe (IJIK), xoropeii ucnoms3oBamcs mis cOopa NaHHBIX uepe3 anamnTep
Wnreprera semeit (IoT). Ananrep Murteprera Beweil ucrnons3oBajics Ui cbopa
AHUCKPETHBIX W HeNpephiBHBIX curHanoB ot [1JIK ¢ mcrons3oBaHueM MoJenMpoBaHus
MATLAB.

Ipeanosxennsrit MeTos 65U CpaBHEH ¢ COBPEMEHHBIMH MOJIX0JaMH, IIPOJIEMOHCTPUPOBAB
TPEBOCXOAHYO 3D (HEKTUBHOCTE U CHIIKEHHOE SHEPIONOTPEDIeH e,

PEKOMBH,IIRHHH H 3aMeYaHHd 1o AHCCEepTaLHH:

Onrumusaims npesjaraemoit rubpUIHON MOAEITH:

Pexomennyercs nposecTu fanpHeimme ucene10BaHuS 1 pa3paboTKK 1S ONITAMU3AIUK Mpoliecca
unrerpaund RPA u BPM. Dro Breuer 3a co6oii HM3YYCHHE HOBBIX METOJI0B M A/TOPUTMOB,

KOTOpPEIC MOTYT yJIy4lINTh KOOPAMHALMIO M COBMECTHOE HMCTIOIB30BAHME THX TEXHONOTHH C
LeJIBI0 MOCTIKCHUS MaKCUMaNbHON 3 eKTUBHOCTH.

BKCHepHMeHTaJIBHOC TECTUPOBAHUE!

Hust noxTBepxaeHus >bdeKTHBHOCTH U MPaKTHYECKOM NPUMEHMMOCTH THOPUIHON Mozenu
RPABPM pekomeniyercs mpoectd Gosee OOLIMpPHBIE 3KCIIEPUMEHTANBHbIE WCIBITAHUA B
Pas/IAYHBIX YCIIOBHSX M B pPaMKaX Pa3In4HbIX TUIIOB GU3HEC-TIPOLIECCOB.

Paciupenye o6nactu npumenenus:



Pexomennyercs Hsqu*b BO3MOXKHOCTH pacliupeHus cdepbl NPUMEHEHHS] TMOPHAHON MOJENH
RPABPM, utoOBl OXBaTWTh JAPYrM€ THIIBI OW3HEC-TIPOLIECCOB, TOMHMMO JIOTHCTHKH. JTO
M03BOJMIIO Gbl GONee IMMPOKO UCIOB30BATH 3Ty TEXHONOTHIO B PasIMYHEIX 0Tpacisax u chepax
OuzHeca.

B juccepranuy CyILIECTBYeT HeoOXOAUMOCTh B Oosee TIlyOOKOM HCCIIEAOBaHUM
9KCIIEPMMEHTAJILHOTO acrekra pa0oTsl, BKIIOYAs MpPEJICTABICHUE BCEOOBEMIIIOIMX NAHHBIX U
CTATHCTHYECKUIA aHAJIU3 B BHJIE TPadMKOB.

IlpyHuMas BO BHHMaHHE BBHIICH3NONKEHHOE, s cuurtaro, Honroxkuna Hyprya
JKoMapTKBI3sl 3aciyXWBaeT MPHCBOSHWs cTemeHH Jokropa ¢uuocoduu (PhD) B obnactu
“KoMmnbroTepHas WHXEHEPUsl U MporpaMMHoe obecrieueHue” mo obpasoBaTesibHOW Nporpamme
8D06102.

Ecnu motpebyercsi kakas-nubo JONMOJHUTENbHAas MH(OpMalMs, MOXKETE CBA3ATHCS CO
MHOH.
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