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[MpnMeHa peakTnBHOr ANCTPUBYMpaHOr Nnporpammpara Ha
npuMepy oHnajH 6aHKapcKknx cepeumca

AncTtpakTt — Cuctem oHnajH 6aHkapcTBa BANKX22 pa3BujeH kao aeo oBor paga je Beb cucrtem
OTBOPEHOr KoAa KOju HyaAW CepBUCE KOjU ce Mory Hahum y yobuyajHUM (UHAHCKjCKNM
annukauumjama nonyT OHNajH nnahaka, pasMeHe HOBLA U3 jegHe BanyTte y Apyry, y3umama
KpegouTa, Kao M NpoBepaBake CTawa Ha padyHy W yBuA Yy UCTOpWjy TpaHcakumja. Cuctem je
UMNNeMEeHTUpPaH Aa 3a40BOSbU NPUHUMME peakTUBHOr AUCTpubymnpaHor cuctema nonyT gobpe
OO3MBHOCTM M enacTUYHOCTM, NOy3AaHOCTU, OAHOCHO W3APXIBLMBOCTW, NabaBe CrperHyTocTu
cepBwuca 1 TpaHCNapeHTHe KOMyHUKaumje KoMnoHeHaTa. 3a MMNNeMeHTaLmjy KInjeHTcke cTpaHe
KopuwheHe cy caBpemeHe Javascript 6ubnuoteke React, Redux n ReduxToolkit. KnujeHTcka
CTpaHa KOMyHMLMpa ca cepBepoM NPeKo pa3BojHor okpyxxewa .Net Web API ynotpebom REST
npoTokona. 3a nMnnemMeHTauumjy cepBepcke cTpaHe UCKopuheHo je pa3BojHO OKpyxene Akka
.Net xoje umnnemeHTMpa Moaen cuctema akTepa, NOroOA4HOr 3a OnaklWaHy MMNIemMeHTauujy
pasHMX peakTMBHO ANCTpubypunaHmnx npuHuuna. Cknaguwteswe nogaTtaka ce BpLum ynotpebom
MS SQL cepsepa, 0ok ce 3a NpuUcTyn nogartaka kopuctu bubnuoteka Entity Framework Core.
[enoBu cuctema Koju BpLLe ABOCMEPHY KOMYHUKaUWjy y peanHoM BpeMeHy, NonyT cepBuca 3a
HoTudpmkaumje, kopucte 6ubnmnoteky SignalR.

Application of reactive distributed programming on the example of
online banking services

Abstract — The online banking system BANKX22 developed as part of this master thesis is an
open-source web system that offers popular services that can be found in common financial
applications such as online payment, money exchange, taking loans, checking account balances
and insight into transaction history. The system is implemented to meet the principles of reactive,
distributing system such as good responsiveness and elasticity, reliability, that is durability, loose
coupling of services and transparent communication of components. Modern Javascript libraries
React, Redux and ReduxToolkit were used for implementation of client side of system.
Communication between client side and server side is done through .Net Web API framework by
REST protocol usage. Server side is implemented in Akka .Net framework which implements
model of actor system, suitable for implementation of reactive distributed principles. Data is stored
inside MS SQL server, while for data access is used Entity Framework core library. Some part of
the system which needs two-way real-time communication, like notification service, use SignalR
library.
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1 YBoa

MoTpeba 3a nporpammparemM Ha peakTMBaH Ha4MH ce NocebHO jaBrba y PUHAHCU]CKNM
cuctemuma. [lopeg notpebe oBMX cucTemMa [da oOCUrypajy KOPUCHMLUMMA CUFYpHOCT npwu
obaBrbary (hMHAHCUCKMX TpaHCcaKumja HeonxogHo je ga 6yay n noysganu. MNoysgaHocT Tpeba
OCTBApPUTM M YKONMMKO HEKM OenoBu,0Mno xapABepCkU unm codTBepcku, oTkaxy. MoryhHocT
AVHaMUYKOr JodaBakrba M yKknakwaka pecypca y cny4dajy nosehaHmx 04HOCHO CMakeHUX 3axTeBa
je Takohe BaxHa ognuka jeaHor ouHaHCKjCKor cuctema.

BaHke n apyre domHaHCcKjcke MHCTUTYLMje NMajy Xerby Aa NPUBYKY U OrNcnyxe wTo Behu
Opoj kopucHuKka. [Ja 61 Tako HeWTOo OCTBapwuie, CUCTEM KOju Hyde Mopa fa HacTaBu ca pagom
Yak nako mma orpomaH 6poj KopucHuka koju Tpeba ga oncnyxu. Cuctem 6m Tpebano ga nma
pobap oasvB npema CBUM TMM KOPUCHMLMMA, OLHOCHO Aa OArOBOPWM 3axTeBMMa KOPWUCHWUKA
©naroBpemeHo, nog 61Mno Kojum okonHocTUMA. [owTo CBaka MallMHa MOXe oTkasatu y ouno
KOM TpeHyTKy, TakaB cuctem 6u Tpebano pacnogenvtu Ha Buwwe mawwmHa. OBaj yHAamMeHTanHu
3axTeB 3a pacnogenom vMMa kao nocneauuy notpeby 3a NpYMEHOM HOBUX apXUTEKTyarHUX
obpasaua. Kopuwhewem oBux obpasaua noctuwxe ce ga cuctem pearyje 6naroBpemMeHo ka
CBOjMM KOpucHuuuma Tj. byae ogsmBaH (eHe. responsive), fa pearyje Ha 0Tka3 U OCTaHe JOCTynaH
Tj. Byae v3opxrbue (eHe. resilient), a Moxe pearoBaT Ha NPOMeHIbLUBE ycnose ontepehera
ofgHocHo aa byge enactmyaH (eHe. elastic), ga pearyje Ha ynas Tako wto he 6utn BoheH
nopykama (eHa. message-driven) [2]. Jow [OBe kapakTepucTuke koje OuMcMmo »>kenenu pga
OCTBapuUMO KO MMMNeMeHTaLmje OBaKBOr CUCTEMA CYy OOPXMBOCT U NPOLUNPUBOCT.

Y 0oBOM paay je nNpeacTaBibeH cMCTeM OHMajH 6aHkapcTBa BANKX22 koju ce xBaTa y
KowTal ca CBUM MOMEHYTMM u3a3oBuMa. Kopuwhewem agekBaTHUX, Y HACTaBKy OMUCAHWUX
TexHomnoruja, cuctem umnnemeHtTupa ogpeheHe apxutekTyanHe obpacue nomohy Kojux cy
ocTtBapeHe Behu 6poj HaBegeHMX KapaKTEPUCTUKA jeqHOr TakBOr peakTMBHOI cuctema. Pag je
KOHUMNUpaH Tako Ada y NpBOM MOrnaerby 4uTaoly npubnvxu enemeHTapHe KoHuenTe,
AeduHuumje n ocobuHe kojuma ce Tpeba BoAUTM NPW NPOjeKTOBakY U UMMNEeMeHTaumju jeaHor
peakTUBHOr guctpubympaHor cuctema. Y cnegehem nornaerby Ccy onucaHn obpacum
npojekToBaka Koju ce Hajuyelwhe KopucTe ga 6m Guna octBapeHa CBOjCTBa U3 NPBOT Nornaesba.
NMoTom ce nmomuwy KW ykpaTko oObajwHaBajy TexHonoruje kopuwheHe 3a uMNNemeHTauujy
cuctema oHnajH 6aHkapctea BANKX22. Nocneawa AgBa norfnaeriba ce TUYy onuca apxXutektype,
OOHOCHO MMMNeMeHTalumnje camor cuctema rge ce Ha geny mMory BUAeTU NPeTXOA4HO onucaHe
KapakTtepucTuke n obpacum peakTuBHor guctpnbympaHor cucrema.



2 MaHudecT peakTmMBHOr nporpamMmmpama

2.1 PearoBane Ha KOpUCHUKa

Moa NojMOM KOPUCHUK MUCITIMMO KaKO Ha YOBEKa KOjU KOPUCTU HEKN CEPBUC NOCPEACTBOM
Apyror nporpama (peummo npeTpaxunBada) Tako U Ha Apyr1 KOMMjyTep Koju aenyje y ume YoBeka
AVPEKTHO MInn MHAMPEKTHO. BUTHO CBOjCTBO cepBuUca je 6s1a2zoepeMeHo cria-e o02080pa Ha
3axTeB KOPUCHUKa YKONUKO je To moryhe [2]. Oa3nBHM cepBucK ce oKycupajy Ha npyxamy 6p3anx
N KOH3UCTEHTHUX BpeMeHa oarposopa, yTBphyjyhv noysgaHe ropwe rpaHuue Tako ga ucropyde
KOH3UCTeHTHe kBanuTeTe ycnyra. OBo je omoryheHo HM30M TexHuka, anaTta u obpasaua, Heknx
onvcaHnx y oBOoM pagy. AKO je OBO CBOjCTBO OCTBapeHO OHAA je jeaHocTaBHWje obpahuBane
rpewaka, Behe noBeperwe Kpajrer KOpUCcHMKa cepBuca na camum TuM M Beha BeposaTHoha
Aarbe UHTepakumje KOpMCcHMKa ca CEpBUCOM.
Cuctem 6u Tpebano ga Oyge y cramwy ga O4roBOpu 3axTeBUMMA KOPUCHMKA U NpU pasnnymTom
ontepehemny [1]. OBo cBOjcTBO ce HasunBa esracmu4dHocm. OHO ce NocTuke noBehawem unu
CMatEHEM pecypca OOOErbEHUX CEpBUCY Koju je nog ontepehewem. TakBu cuctemum He 6u
Tpebano ga nmajy cnopHe Tayke 1 ycka rpna LwTo 3a nocrneauuy uma Aerberwe U pennuuupane
KOMMOHEHTU 1 AncTpmbyumnjy ynasa mehy wuma.

2.2 PearoBamne Ha rpetuke

pelwke Koje ce jaBrbajy y cuctemy mory 6utn copreBepcke, xapaBepcke M Ibyacke.
NcTek BpemeHa 6e3 gobujeHor ogroBopa OQHOCHO TajMayT ce Takohe MoXxe NMpeacTaBUTU Kao
rpewka. lNpeTtnoctaBka ca kojom Tpeba nohu nNpunMkoM MpojekToBaka WU MMMMemMeHTauumje
cucTemMa Huje “ako ce epelwka jagu” Hero “kada u Konuko Yyecmo” he ce jaBrbaTu. KopucHUKa He
WHTpeCyje passor rpeLlke HATK Kojer je Tuna, wera ce Tude camo To ga he mopatu fa HacTasm
6e3 pobujeHor ogroesopa. To 3a nocrneavuy mMma ga he KOpUCHUK BEPOBATHO KOPUCTUTU ApPYru
cepsuc. [lMoyszdaHocm, OAOHOCHO W30PX/bUBOCM cCUCTEMA je jow jeoHa o4 KibYYHUX
KapakTepuCTMKa Koja yKasyje Ha TO KOMMKo 6p3o cuctem MoXxe [a ce onopasu of rpeuke [2].
N3GeraBare rpewaka Hukaga Hehe 6uTtn noTnyHo moryhe, 3aTo naxwy Tpeba ycMepuTu Ha
TonepaHumnjy rpewaka. agpxrenemn cuctemMm umajy MoryRHOCT He caMo fa NoAHeCY rpeLLKe Hero
“ 0a onopase CTake CepBuca Nnpe Hero LWTO je HacTana rpelka. TexHuke npeacTaBibeHe Y OBOM
pagy Koje ce Tu4y pellaBaka OBakBUX npobriema cy obpasau rpekuday kona (eHa. circuit
breaker) n mexaHusam Had3opa (eHa. supervision).



2.3 Bohere nopykama

PeakTnBHM cuctem ce ocrawa Ha aCUHXPOHO npocrsiehusaHe nopyka kako 6u ce
ycnocTtaBuna rpaHuya u3melly KOMMOHeHaTa Koje Ha Taj HauvMH ocyrupaBajy nabasy
cnperHyTocT', M30NMoBaHOCT U fokauumjcKy TpaHcnapeHTHocT?. OBe rpaHuue Takohe omoryhaBsajy
Ja ce rpellke genervpajy kao nopyke. YnotpeboMm ekcnnuuuTHOr npocnefuBawa nopyka
omoryhyje ce ynpasrbake onTepehewa, enacTM4YHOCTM W KOHTPOSie Toka. TO ce MoCTuxe
dhopMmpakeM 1 NocMaTpakbeM pedoBa Mopyka y CUCTEMY U MPUMEHOM TEXHMKA 3BaHe “back-
pressure™. Hebnokupajyha koMyHukauuja gonywita npumaouuma aa KoH3yMupajy pecypce camo
OOK Cy aKTUBHM LUTO A0BOAM OO Make KOH3yMaLuje pecypca of CTpaHe cucrema.

2.4 [ybuTak CTpore KOH3UCTEHTHOCTH

[a 6cmMo KpeHynu ca 0BOM TEMOM HEOMXOAHO je U3NoxuTn Teopemy Epurka Bpyepa (eHe.
Eric Brewer’s CAP theorem) koja TBpAn ga buno Koju cucteM Koju nytem Mpexe Aenn nogartke
MOXe MMaTW HajBuLLe ABa of TpU noxerbHa csojcTia [13]:
1) KoHaucteHTHOCT (eHe. Consistency - C) je eKBMBaneHTHa NoceaoBaky jeqHe akTyenHe
Konuvje nogaTaka
2) Bwucoka goctynHocT (eHe. High availability - A) nogaunma
3) TonepaHuuja y cniyyajy gerbewa mpexe (eHa. Network partitions - P)
Ha ocHOBY e MOXeMO 3aKibyunTn fa y crny4ajy Aa ce Aecu Aerbere Mpexe, KOH3UCTEHTHOCT
UM OOCTYNHOCT Mopa GuTK XpTBOBaHa. Y criyyajy ga ce gece npoMeHe Hag nogauyma TOKOM
Aerbera Mpexe MOry HacTaTh HEeKOH3UCTEHTHOCTWU. JeAMHM Ha4uH Aa ce OBO Crpeyu je aa ce
3abpaHe u3MeHe 4MMme je yrpoXeHa OOCTYnHocT. Y auctpubympaHum cucteMmymma pakne He
moxemo npumenntn ACID* ocobuHe TpaHcakuuMja Ha Kojuma nouuBajy TpaguumoHarnHe
penaunoHe 6ase nopaTaka jep >XenuUMoO Aa 3a40BOSbAMO MNPUHUMNE  WU3APXIBUBOCTW,
ckanabunHocTtn u ogansHoctn. OBM NpHUMNKU ce Tpebajy NpUMEHNTM Ha CBe Aernose cuctema
Kako BucMo gobunu xerbeHe NPeaHOCTU, anu Ce Ha Taj HaYNH eNUMUHWULLY CTpore rapaHuuje
TpaHcakuuja Ha Kojuma cy rpaheHn TpaguumoHanHu cuctemun. AuctpubympaHe cucteme dmucmo
Tpebanu npojekToBaTh Tako Aa 3a40oBOSbe CKyn NpuHUmna Ha3eaH BASE:

' NaGaea cnperHytocT (eH2. Loosely coupled) KOMMOHEHTVM WMNW cepBuCa je CBOjCTBO FOe CBaka of
KOMMOHEHTU MMa Mario Ui HeMa yornLiTe 3Harwa 0 AeVHULUNN 1 UMNIIEMEHTAUM|U APYTMX KOMIOHEHTU U
omoryhaBa naky 3aMeHy Te KOMNOHEHTE HEKOM ApYyromM anTepHaTUBOM Koja npyxa ucte cepsuce [15].

2 Nlokauujcka TpaHcnapeHTHOCT (eHa. Location transparency) npefcrasrba CBOjCTBO [la M3BOPHU KOf, 3a
cnake nopyka usrnega ncto 6e3 ob3npa Ha kojoj fiokaumju ce npumanaw, nopyke Hanasmu [2].
KomnoHeHTe KOMyHMLMPajy Ha yHUdOpMaH HauymH AeduHNCaH eKCNULMTUHMM Clakem nopyka

3 Back-pressure - MoryhHocT npeontepeheHe KOMMNOHEHTE [a noLarbe nopyKy HaanexHUm
KOMMOHeHTama kako 61 oHe Morne aa cmane ontepehewe. Ha Taj HaunH cnctem rpaumo3Ho ogrosapa
Ha onTtepeherse, a He ypyLluaBa ce nog HuMm.

4 ACID - ATOMUYHOCT (eHz. atomicity), KOH3UCTEHTHOCT (eHe. consistency), N30MoBaHoCT (eHa. isolation),
n3gpXIbLNBOCT (eHa. durability)



1) Y ocHOBM JOCTynNaH - onepauuje Yitana 1 nucama cy AOCTYMHE LWTO rof je Buwe moryhe,
anu 6e3 rapaHumje 0 KOH3UCTEHTHOCTY;

2) Meko ctamwe - 6e3 rapaHTOBaHe KOH3UCTEHTHOCTW, NOCMe HEeKor BpeMeHa, MoCToju
ogpeheHa BeposaTHOha Aa MMaMo MHopMauuje O cTakby NOLWTO MoXAa joll yBeK Huje
NMOCTUrHyTa eBeHTyanHa KOH3UCTEHTHOCT;

3) EBeHTyanHo KOH3WUCTEHTaH - ako CUCTEM (PYHKUMOHULLE U KOPUCHUK Yeka oapeheHo
Bpeme, buhe y cTarwy eBeHTyasnHoO da 3Ha cTawe 0ase, Tako ga he garba untawa outn
KOH3UCTEHTHa ca HeroBnm odekmsaruma [10].

BASE je 610 BaxaH Kopak y pasymeBaky KOja CBOjCTaBa Cy KOPMCHA, a Koja HefoCTMKHa. JoLw
jeoHa npenopyka koja je npeanoxeHa 6una je ACID 2.05:

- Ako ce ceaka akuuja npedcmasu mako 0a MOXe bumu rpuMereHa y 20Musu
(acoyujamusHocm) u y buro KoM nopemky (KoMymamyeHOCm) u mako 0a ako je
PUMEHUMO suwe riyma Huje wmemHa (udemrnomeHmHocm), mada Kpajibu pesynmam
He 3asucu 00 moeaa Koja peruka npuxeama rnpomeHe Uy koM pedocriedy ce axypupara
wupe Kpo3 Mpexxy- Hak je U NoHaesrbak-€e criakba rnpuxeamsbUueo ako rnpujem jow yeek Huje
nomepheH [2].

5 ACID 2.0 je npeanoxeH of cTpaHe Meta XenaHaa Ha koHdepeHumjn 2014 a oaHOCK ce Ha CBojcTBa
acoumjaTMBHOCTM, KOMYTATUBHOCTU, MAEMMNOTEHTHOCTU N AUCTPUBYMpPaAHOCTK



3 Ob6pacuu

3.1 Obpasau jegHoCTaBHE KOMMOHEHTE

HedurHuumja oor obpacua je: KomnoHenma he padumu camo jedHy cmeap, anu he
je padumu y uyenocmu [2]. OBaj obpasay Tpeba NpMMEHUTU Kaga cuctem obaBrba BuLIe
bYHKUMOHAMHOCTK UNK Cy PyHKLUMje cucTemMa TONMKO KOMMIEKCHe Aa Mopajy butn nogerseHe y
pasnuunTe komnoHeHTe. O6pasay je u3BeadeH U3 npuHyuna jeduHcmeeHe o02o8opHocmu®. Ako
nohemMo o uernor cuctema noTpebHo je 4a Ha OCHOBY CBUX HeroBUX OYHKLNOHANHOCTU MOYHEMO
Aa ra pasbujamo Ha Marwe KOMMoHeHTe rae he cBaka ga obasrba jeaHy yHKUMOHaNHOCT. AKO
OBaj npouec NPUMEHNUMO pPEeKypP3MBHO Had [0OWjeHMM KOMMOHEeHTamMa MOXeMO AobuTu
3agoBorbaBajyhy rpaHynapHocT v gobutm xujepapxujy KOMMOHeHaTa Koje 3agoBosbaBajy
obpasay jeAMHCTBEHE KOMMOHEHTE WU KOje je OHAa Nakwe MMNIeMeHTupaTu, TecTupaTtu u
o4pXaBaTwu.

O6pasal jegMHCTBEHE KOMIMOHEHTE je jeaaH o OCHOBHUX NocTynaTa Koju je kopuwheH
NPUIIMKOM MPOjeKTOBaka U MMNIeMeHTaumMje oHnajH 6aHkapckux cepsuca BANKX22. Moxemo
3a npumMep y3eTn 6uno koju og cepeuca cuctema. Ako, Ha npMmep, Nnornegamo cepeumc Koju Bpaha
KOPMCHMKY CBE pacrnosioXmBe BasnyTe, MOXEMO YOUMTUN A Ce CBaKM 3axXTEB KOPUCHMKA cucTema
Larbe akumju Ha cepBepy Koja je noumpaHa y koHTponepy Banyta (eHe. CurrenciesController) n
Ynja jeamHa oOroBOPHOCT je Aa Taj 3axTeB npocrenyje y Buay nopyke ogrosapajyhem aktepy
mogena’. AkTep uma 3agaTak ga npuMibeHy Nopyky obpaaum, Tako wto he Ha ocHoBY A0GUWjeHor
TOKEeHa 13 Nopyke AOXBaTUTU MOEHTUMUKALM)y KOPUCHMKA U Ha OCHOBY e, 40OUTK CBe BanyTe
KOje Cy pacrnonoxuBe KOPWUCHMKY. Kako onucaHu nocao He ogroBapa obpacuy jeOuHCTBEHe
KOMMOHeHTe, Aobujare naeHTuduKkaumnje KopucHmka ce kao nocebHa oaroBopHOCT npocnehyje
aKTepy uuja je TO jeavMHa OAroBOPHOCT, AOK Ce Mnocao uuTawa Banyta u3 6a3e nogataka
npocnehyje nocebHom akTepy. OBakBMM MPUCTYNOM je NMOCTUTHYTO Aa CBaKu Of, akTtepa Koju
y4ecTByjy y 0Opaan 3axTeBa page je4Hy CTBap M TO y LIeSIOCTU, akTep Koju unta ngeHtndukaumjy
KopucHuka ua 6ase (eHe. UserldRetrieverActor), aktep Koju uMTa BanyTe 3a A4aTtor KOPUCHUKa U3
base (eHe. CurenciesStorageActor) n aktep Koju BpLUM CUHXPOHM3aAUMjy KOMyHUKauuje nameny
nNpeTxo4HO NOMEHyTa ABa akTepa u koHTponepa (eHe. CurrenciesGetterActor).

6 MpuHuMN jeauHcTBEHe oaroBopHocTH (eHa. Single Responsibility Principle) je npuHUMN Koju Hasoan aa
CBakM MoAyn, knaca vnu dyHkumja y nporpamy mopa MMaTu OArOBOPHOCT Had TayHO je4HUM LEeNoMm
OYHKLMOHANHOCTM TOr Nporpama v kwy Tpeba ga eHkancynupa [26].

7 AKTep npefcTaBrba OCHOBHWM KOHCTPYKT Moerna cuUcTeMa akTep KOjuU rapaHTyje eHKkancynMpaHocT u
CUIYPHOCT n3Bofera onepaumje y BULLEHUTHOM OKpYXXeky (3a BULLIE AeTarba nornegatu nornaeme 4.4)
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3.2 Obpasau jesrpa rpeLuke

OedwmHnumnja obpacua: Y xujepapxuju cynepesusuje, 4yeamu eaXHa cmaHsa
annukayuje unu ¢pyHKyuoHanHocmu 651u3y KkopeHa, a desiecupamu pu3u4yHe ornepayuje Ka
nuwhy [2]. Oeaj obpasau ce Hagorpahyje Ha obpasal jeqHOCTaBHE KOMMOHEHTE U MPUMEHMB je
Kaga rog cy KOMNOHEHTEe ca pasnuMyMTum BepoBaTHohama Heycnexa u pasnMyMTom noysgaHolhy
3axTeBa, KOMOMHOBaHe y UCTOM cucTemy. Heke dpyHKUMje cucTema HMKaga He cMejy oa nagHy,
OOK Cy Apyre HeornxodHo msnoxeHe Heycnexy. O6pasal je TONUKO 3HayajaH y peakTUBHOM
nporpamupary [a je pas3BOjHO OKpYXel-e MOoAerna akrepa, KopuwheHO 3a MMnnemeHTauujy
cepBepcke cTpaHe oHnajH GaHkapckor cuctema BANKX22, HaszBaHO Akka wWwTO y cTBapwu
npegcrtasba nanvHapom of Jesrpa Aktepa (eHe. Actor Kernel) n pedepuwle Ha oBaj obpasall.
CywTnHcka dyHKuMja obpacua jearpa rpellke je ga MHTerpuvwe orepauuMoHa orpaHunyea
cucTeMa Y eroBy AekoMnosuuujy npobnema 6asnpaHy Ha O4roBOPHOCTM.

MpumeHa osor obpacua je cBenpucyTHa y cuctemy oHnajH 6aHkapctBa BANKX22. Kao
pobap npumep MOXEMO HaBeCTW akTepa KOju KOMyHMuuMpa ca eKCTEPHMM CUCTEMOM Kako 6u
Aobno nHpopmaumje o0 TPEeHYTHUM Kypcy Mewawa U3 jegHe Banyte y apyry. Kako ycnyre
EeKCTEepHNUX cepBuca Mory 6utu HenoysgaHe U pusnyHe, jep oapXaBake W KBanuteT paja
€KCTEPHOT cepBu1ca HUje Y HaLloj HAANEXHOCTU, akTep KOju KOMyHULMpPa ca UM je NUCT Y ApBeTYy
Xvjepapxuvje aktepa Koju Cy HaaJ1eXxHu 3a npoLec pasMeHe cpeictaBa U3 jeqHe BanyTte y apyry.
CynepBu3op OBOr akTepa, akTep KOju ra je Kpempao U Koju KOMyHULMpa ca huM, je 3agyXeH 3a
Jarbu TOK yKonuko gohe Ao rpeluke. YKONMKO UHpopmaumje O Kypcy HUCY M3 HeKor pasnora
AobujeHe 13 ekCTepHOr cuctema cynepBn3op nokylasa aa ux gobuje na nokanHe 6ase y Kojoj cy
6une cadyBaHe MPUIIMKOM HEKOr 0 NPEeTXOAHMX pa3MeHa U YKOIMKO Te MHopmauumje nocroje
N 3ago0BosrbaBajy ogpefeHe ycrnoBe 6uhe BpaheHe kao BanuaHe 3a TPeHYTHY pasmeHy. Kako
cynepsu3op nMa Behy oaroBOpHOCT TaKo je OH BnvKKu KOpeHy y ApBeTy CTPYKType akTepa.

3.3 Obpasau “nyctu-ga-ce-cpywun’

HedurHuumja obpacua: Paduje pecmapmyj ueny KoMnoHeHmy He2o O0a obpahyjew
uHmepHe nadoee [2]. Vineja oBor obpacua je Aa cy Heke peTke rpeLuke, kako copTBepcke Tako
n xapgsepcke, obMYHO CKyne 3a AujarHo3dy W nonpaekKy, Tako ga ce npedepupa onopasak
cucTeMa  pecrtaptoBaweM  heroBux Aenosa. OTknakwarwe rpewaka  Xvjepapxujckmm
pectapToBaweM omoryhaBa nojegHOCTaBIbMBaHke cCamMor Mogena rpellaka M y UCTo Bpeme
aoBoan o Behe pobyCTHOCTM CMCTEMA KOju OHAA MMa LUaHCy M Oa npexuBun HenpeaBuheHe
rpeke. NMocneguue osor obpacua cy Aa cBaka KOMNOHEHTa Mopa OMTN TonepaHTHa Ha pecTapTe
1 NnagoBe y BUIo KOM TPEHYTKY, Kao LWITO pPeLMMO HeCTaHaK CTpyje Moxe HacTaty 6uno kaga, aa
KOMMOHEHTa Mopa OMTU eHKancynupaHa Tako fa Ce rpeluke He MOry MpoLMpUTX Ha apyre
KOMMOHEeHTe, Aa Mopa OGuTM TonepaHTHa Ha Nag KOMMOHEHTE Ca KOjoM KOMyHMuMpa, Oa CBU
pecypcu Koje je KOMMOHEHTa KopucTuna mopajy omutn noBpaheHn HakoH pecTapTa, 4a CBaku
3axTeB MocnaT KOMMOHEHTM Mopa GuTKM camoonucuB Tako Aa ce heroBo obpafuBare Moxe
HacTaBMTU HAKOH pecTapToBaka Ca LWTO Make yTpowka. [a 6u ce ogpefeHa KOMMOHeHTa
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pecTtapToBana HakoH rpeluke, NOTPeBHO je caMy rpeLuky YOuMTM Ha HEeKM HauyuH. JegHa of
TeXHUKa Koja ce KOPUCTU je Aa KOMMOHEHTa HAaKOH HeHOr Kpenpara KpeHe [a warbe nepuoguyHe
nopyke CBOM CyrnepBu3opy Aa je cBe y peay. Y cny4yajy aa cynepsusop He gobuje nopyky Tor Tuna
npumemnyje “nyctn-ga-ce-cpywn” obpasau. Y peTkum cCrnyyajeBMMa MOXe da ce gecu ga
KOMMOHEeHTa He pagu UCNpaBHO, anu Unak warbe NoTBpaHe nopyke CBOM cynepsusopy. M3 Tor
pasnora ce y cagpxaj Te nopyke ymehy nHdopmaumje o KBanuteTy paga cepBuca Kao LITO Cy
cTona nagoBa, NaTeHTHOCT oaroBopa uth. OBe nopyke ce Ha3mBajy “omkyuaju cpua”. Jow jegaH
Ha4yMH Ha KOju cynepBu3op MoxXe OMTU MHopMUcaH O rpelwun je Aa KOMMOHeHTa cama
AnjarHOCTYKYje HEKY IpeLLKy U noLuarbe Nnopyky cyrnepsusopy. To ce MoXe AecuUTn Ha npumep y
Cry4yajy ako KOMMOHEHTa KOMYyHMUMpa Ca HEeKOM eKCTepHOM OubnunoTekom Koja ucnasrbyje
n3ysetak y cnydajy rpewke. OBa gBa HauMHa permctpoBakba rpellaka ce Mory KOpucTutn y
KomOMHaLMju Kako ©u NokpuBeHoCT 6mna 6orba.

PasBojHO okpyxewe Akka .NET kopuctu oBaj obpasay kao jegaH o OCHOBHUX
MexaHu3ama ogbpaHe o rpelwaka. CBaku aktep cucrema uma yrpaheH mexaHusam ga npusimkom
HacTaHKa Heke HenpeasuheHe rpeLuke jaBu CBOM CynepBu3opy o h0j [1]. YKonnko cypnepsusop
o4Sly4un [a rpellka Hema yTuuaja Ha wera unu Ha apyre noppeheHe aktepe (36or naxrbusor
npojekToBawa cuctema m ynotpebe obpacua jesrpa rpellke) pecrapTyje aktepa of kora je
cTurna nopyka o rpewumn. OBo 3anpaso 3Haun Aa he 6GUTK KpempaHa HoBa MHCTaHLUa akTepa v aa
he 6utn gogerbeHa ucta pedepeHLa Koja je eHkancynuparna ctapy MHcTaHuy. MNpeuunsHmjn Tok
norahaja Koju ce ogsuja TOKOM pecTapToBaa je Aa ce NpPBO BPLUKM CyCneHAoBaH-e akTepa (Hema
BuLWe obpaje nopyka AoK He Aobuje ogobpere 3a HacTaBak paja) U PeKyp3mMBHO Ce cycnenayjy
cBa geua Tor aktepa. [lotom ce noasmBa npegeduHncaHn metoq aktepa PreRestart koju warse
nopyke npeknga CBakoM akTepy geTteTy v nosmea npegeduHncaHn metop PostStop. 3atum ce
yeka Ja CBa [Jeua akTepu MpekvHy ca pagoM W kaga nocnefwe AeTe nowarbe nopyky o
npecTaHKy paga Kpeupa ce HOBa WHCTaHua akTepa. 1o Kpempawy HOBE MHCTaHLUe nosmea ce
npepeduHucaHn PostRestart meTon Ha HOBOj MHCTaHUM U LLarbe Ce 3axXTeB 3a pecTapToBae
cBakoM aktepy getety [4]. CBako geTe npatu uctu crieq gorahaja. Ha kpajy aktep moxe ga
HacTasu ca pagom. KombuHauwmja osor obpacua ca HEKOM 0 TEXHMKA YyBaka TPEHYTHOr CTaka
aKTepa ce KopucTu y cuctemy oHnajH 6aHkapctBa BANKX22 v npeacTtaBrba rfaBHU HayvH Ha
KOju ce cuctem Hocu ca HenpeaBuheHM NoHallaHkeM HEKOr HEeroBor gena.

3.4 Obpasau npeknaad kona

HedurHuumnja obpacua: Wmumu cepeuce npekudajyhu KOHeKUujy Ka H-UXO08UM
KopucHuuyuma mokom Ayxux ycrsioea omka3a [2]. OBaj obGpa3saL, onucyje Ha KOju Ha4uuH ce
6e36enHO Mory noBesaTu Apyru AenoBu cucTema Tako Aa ce rpeluke He pawmvpe mehy wuma. Y
crnyyajy Kaga je KOMMOHeHTa npeTpraHa 3axTeBuma Wnu KpeHe fa naja, TOK 3axTeBa A0 Te
KOMMOHEHTEe MOoXe BUTKM HamepHO NpeknHyT. Ha 0Baj HauuH ce NocTuxe Aa Npumanal 3axTeBa
nma BpemMeHa ga ce onopasu og moryher naga 36or ontepehewa, a nowwurbanay Moxe ga
o4slyyn fa je 3axTeB HeycrelwaH, a Aa He Yeka HeraTuMBHUM oaroBop. NocToje aBa cTtaHgapaHa
HauyvMHa ga ce nMmnnemeHTupa osaj obpasau. [pBu je Taj Aa npekngay Kona BpLUM KOMYHUKaUnjy
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ca KOMMOHEHTOM Koja npuMa 3axTeBe. Kaga nobuje ogrosapajyhu 6poj HeraTuBHUX 3axTeBa oA
KOMMOHEHTe npekuaad kKora npekuga Koro u cam kpehe pga Bpaha HeratMBHe nopyke
nowwurbaouly. HakoH opgpeheHor BpemeHa npoBepaBa cCTake ontepehewa KOMMOHEHTE
npvMaoua 1 yKOnuKO je NOBOSbHO MOHOBO 3aTBapa KOno o3BorbaBajyhn 3axTeBMMa ga CTUrHy
0o komnoHeHTe. OBaj Ha4MH je NpuMep onwiTer nNpekMgada kona. [pyrn HaumH je ga nocToju
crneundmyaH npekngay Kona, peuumMo 3a CBaKOr KOPUCHWKA, U Aa OH Mepu KOjoM cy Gp3nHOM
3axTeBM TOr KnNunjeHTa ynyhueaHm KOMNOHEHTU Koja NpumMa 3axTeBe. Kaga 6p3vHa koMyHuKaumje
npehe ogpeheHn NMMUT, NpekMaay Kona npekuga kono un kpehe ca ogdbujarem 3axtesa. [loctoju
moryhHoCT ga ce ogpeheHnM knumjeHTMMa 3abpaHn NpUcTyn AyroTpajHo YKONMKO MM KOHCTaHTHO
Op3rHa KoMyHMKaumje npenasm nMMmuT. Ha Taj HaunH Wwarke ce ynosopewe ga tpeba nornegatu
UMNNeMEeHTaUMjy KOMMNOHEHTE nownrbaoua U NUMUTUPaTM 6p3nHY KOjOM OHa Llarbe 3axTeBe.
MmnnemeHTaumjom oBor obpacua obe3behyjemo ga cuctem byae vM3gpXIbMBUjM HEro kapa
Oucmo ceaku cnyyaj rpeluke obpahusanu nojeguHadHo. LleHa npekupaya kona je Ta ga cBu
no3MBM Nposiase KpPo3 joLL jeaaH Kopak nopeepe 1 Aa TajmayTn Mmopajy 6uty nnaHnpaHu, ctora ra
He Bucmo Tpebanu MMNNeMeHTMPaTU Ha BUCOKOM HMBOY rpaHynapHOCTMU.

Mpumep npumeHe oBor obpacua Ha cuctemy oHnajH BaHkapcTBa BANKX22 moxemo
BUOETUN Y aKTEpPY Koju BpLUM goburjare nHdopmaumja o pa3meHun Banyta ca eKCTEPHOr cuctema.
OBaj aKkTep KOpuUCTM npekugad Kona Kao BuA 3alTuTe Yy Cryyvajy da je eKCTEepHU CUCTEM
npeontepeheH U Aa My je Bpeme oA3uBa Iolle UM ako je HedocTynaH. Y TUM cnyyajeBuma
npekngay je KoHurypmcaH Tako Aa yKonuko gobuje neT HeycrnewwHnx ogrosopa of eKCTepHor
cucTeMa ynasu y 3aTBOPEHO CTawe W YMECTO [a U Jarbe Warbe 3axTeBe eKCTEPHOM CUCTEMY
cam Bpaha HeraTMBHe oaroBope. lNpekmagay kona he OuUTK y 3aTBOPEHOM CTaky jedaH MUHYT
HaKOH Yera npenasu y nony oTBopeHo cTakwe. Kaga crneaehn 3axteB cturHe 6uhe npocneheH
€eKCTEePHOM CUCTEMY M YKOIUKO je 3axTeB ycneluaH npekuaad Kona npenasu y OTBOPEHO CTake U
HacTaB/ba ca yobuyajHMM pagoM. YKONMKO je 3axTeB HeycnelwaH npekugady ce Bpaha y
3aTBOPEHO CTake jol jeJaH MUHYT M NOTOM OneT npoBepaBa AOCTYMHOCT €KCTEPHOr cucTema.
OBKMM MpUCTYNOM je cucTem oHnajH 6aHkapcTBa BANKX22 y 3HaTHOj Mepwu 3awTuheH og naga
eKCTepHor cuctema 3a gobujawe nHgopmaumja o KOHBEpP3uju BanyTa.

3.5 AKTMBHU-NacmBHM obpasal Konvpaka

OedwuHnunja obpacua: Yyeaj euwe konuja cepeuca Koju ce usepwaea Ha
passiudqumum Jiokayujama, asu 0o3eosiu uU3MeHe cmakba Ha jeOHOj JloKayuju y jeOHOM
mpeHymky [2]. Obpa3sauy, je oOmo oBaj Ha3MB kKako 61 03HA4YMO Aa 3a onopaeak je4Hor cepBuca,
ako y MOTNYHOCTK NpecTaHe ca pagaoM, YKibydyjyhn n rybutak HeroBor cknagulita nogaraka,
noTpebHo je pacnogenuTn heroy (OYHKLUMOHANHOCT U CKyN nogataka ca Kojuma pagw Ha BuLe
dunanykmx nokaumja. Kako 61 oBaka nmnnemeHTaumja morna ga pagu notpebat je ogpeheH Bug
KOOpAMHauuje, NoroToBo 3a ornepauumje Koje Mekajy TpajHa cTawa cepsuca. Liurb oBor obpacua
je ga 'y jegHOM TpPeEHYTKY 4O3BOMN MPOMEHY CTaka Ha camMo jedHoj Konnuju. Tume noctmkemo aa
n3MeHe CTara He 3axTeBajy KOHCeH3yC n3mehy konuja. butaH je KoHCeH3yc y ogabupy akTuBHe
pennuke. Kako ©6um OGuno moryhe 3HaTM nokauumje CBWUX KOMuja cepBuca nNOTpebHO je
UMNNeMEHTUPATK permctap cepsuca Koju YyBa agpecy CBake Konuje 1 KoMe apyre KOMMOHEeHTe
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Mory npuctynuTu. Npu nogmsakwy cuctema, KOMNOHEHTa Koja MMa BuLLe Konuja ynucyje buxose
agpece y peructap. Ha oBaj HauuH je onakwaHo HOBUM pennvkamMa ga 6yay gogasaHe, a ctape
3amMerMBaHe guHaMmnydkn. MexaHmsam nsbopa akTuBHe konuje Moxe GUTK JOCTYNaH KnvjeHTuma
KOju ra ocnywkyjy u nmajy dnaroBpemMeHe MHdopMaumje 0 NPOMEHM akTMBHe pennuke. MaHa
OBaKBOI NMPUCTYNa je WTO Cy KINWjeHT U CepBUC YCKO CMPErHyTn y CMUCHY Aefbera NpoToKona.
Opyrm HauvH 6m morao aa Oyae ga cBaka konmja mma MoryhHocT npocnehuBawa 3axTeBa
aKTUBHOj konuju. Tume n3beraBamo CTPOry CNperHyTocT, anu nocToju MoryhHOCT aa penocnen
npucTusawa 3axreBa byae HapylleH ako Cy 3axTeBu npocrnefeHn of pasnuunTux pennuvka na
rybumo getepmuHusam kog obpage 3axtea. [1ocToje ABa Tuna oTKasa koja ce MOry jaBuTU KO4
oBor obpacua. Moxe ce gecutun ga gohe oo oTkasa nacusHe Konvje n Taga obuyHo gonasu oo
noseharwa MpexHor caobpahaja kako 6u oBa konuja koja je pectapToBaHa gobuna HajHoBuWje
CTake Y KojeM ce Hanase ocTtane konuje. [Jpyru crny4yaj Koju Moxe fa ce goroaum je ga gohe oo
OTKa3a akTuBHe Konuje. Taga he noctojati nepuog y kome Hehe BUTK akTUBHE Konuje, 3aTo LUTO
je noTpebHO Bpeme aa ce yCTaHOBM rybuTak akTMBHE Konuvje 1 Aa ce npowmnpu 3Hakwe ga he HoBa
WHCTaHua outn noTpebHa. OBa KoopauHauuja 3agaTtaka Mopa outn obaBrbeHa NaXIbUBO Kako
Oucmo Gunu cUrypHmn ga ce ctapa MHCTaHua He Moxe yMellaTtu ca dyayhum onepaumjama ako
nocTtaHe AOCTyMNHa NOHOBO HAaKOH Aerbera Mpexe. 360r NoOMeHyTUX cuTyaumja Mory noctojaTtu
nepvogu kaga he oBaj cepsuc 6MTKM HEeAOCTYyNaH, CBe OOK ce He u3abepe HoBa akTMBHA pennuka
Koja je y KOH3UCTEHTHOM CTaky U Npu Tome nasehu ga ce He gohe y cuTyauunjy nocTtojaka e
akTuBHe pennuke. OBaj obpasay, je ognuyaH Kaga Ham je NoTpebHO ovyBare KOH3UCTEHTHOCTU
no LieHy OOCTYMNHOCTM cepBuca y criyvajeBuma oTkasa. Cuctem oHnajH 6aHkapctea BANKX22,
nomohy pasBojHor okpyxewa Akka .NET, kopuctun moayn Koju ce 3oBe Cluster n koju go3Borbaea
pennvkauujy Kako cepsuca Tako u uernor cuctema. OBe pennuke, Ha3BaHe YBOPOBU, CE MOry
CMECTUTM Ha pasnuuute usnyke nokauvje n ynotpebom yHKLUMOHANHOCTM KOje HaMm npyxa
Cluster mogyn ce nako MMMMIeMeHTMpa akTUBHU-NacnBHM obpasal konupamba.

3.6 Obpacuun kKoMyHuKauuje

Y peakTMBHUM OUCTPUOYMpaHUM cucTeMMMa MNocebHy naxwy Tpeba obpaTutn Ha
npojekToBawe [Jo0pe KOMyHukauuje mefly KOMNOHeHTamMa cucTema Ha CBUM HMBOMMA
rpaHynapHocTH.

OGpasau koju je gocTa 3aCTynibeH M NPUMEHEH Y CBMM LOMEHMMA je obpa3ay 3axmeea
u odzoeopa (eHa. Request-response pattern) koju HaBogu Aa cBaku 3axTeB Tpeba Aa cagpxu
agpecy nowwurbaoua 3axTeBa, kako v npumanau, Morao Aa oaroBopu Ha 3axTteB. OBaj obpa3sal
je Halwao cBojy NMpuMeHy Yy GpojHUM npoTokonuma kao wWTo je peunmo HTTP 8 roe je agpeca
nowurbaoua 3axteBa yrpaheHa y mexaHuame npotokona. Obpasay ce KOpUCTU EKCNINLUTHO Y
Moerny akrtepa rae je npunnkoM KOMyHuKauuje u3melly aktepa MoTpebHO yKIbyuutn w
pedepeHLUy akTepa y cacTaB Nopyke Koja cafpku agpecy akrepa Koju Larbe 3axTes.

8 HTTP (eHa. Hypertext Transfer Protocol) annukaumoHu cnoj Be6 npoTokorna 3a craxe [oKyMeHTa
xvnepmeauje kao wTto je HTML
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Jow jepaH obpasay koju Tpeba npumewmBaTh je obpasay camocmasiHe nopyke (eHa.
Self-Contained Message pattern) koju HarnawaBa fa CBaka nopyka Tpeba [a cagpXu cBe
nHopmavumje notpebHe 3a ob6pagy 3axTeBa kao 1 Aa ce pasyme heros oarosop [2]. To 3anpaso
3HauK ga ako je moryhe, Hajborbe je y nopyum ykibyuntin cee nHdopmaumje kao LWTo cy agpeca
nowwurbaoLla, jeAnHCTBEHN Opoj NOpyKe, KOME je Nopyka HameweHa 1 cam cagpxaj nopyke. Ha
Taj HauvH nowwurbanay u npumanay 6m 6unm ocnoboheHn of 4yBawa CTawa O Mpouecy
KOMyHWKaLmje WTo 6u 3Ha4ajHO 4ONPUHENO OA43UBHOCTM Kao 1 U3OpKbUBOCTM cuctema. Crucrtem
OHMajH GaHkapcknx cepsuca BANKX22 kopuctn HTTP kako ©6M KOPUCHWK MNOCPEACTBOM
KopucHu4kor nHtepdejca komyHuumpao ca cnojem .NET Web API cuctema (3a Buwle getarba
nornegatn 4.5 .Net Web API nHTepdejc 3a nporpamupare annukaumja), gok crnoj Web AP/
KOMyHMUMpa ca ocTanum cepBucMMa cuctema ynotpebom obpacua camocTanHe nopyke. Y
HEeKUM crydajeBMMa Kaga je cagpkaj nopyke npeBesivkv, PELUMO ako Cy YKIbYYEHU HEKN Meanjn
Kao Ha NpuMMep crvke unu ¢ajnoBu, Taga HUje NOXerbHO nocnaTn cBe Yy je4Hoj nopyum 36or
moryher 3acTtoja y Mpexu. Y TUM Cry4vajeBMMa Ce oApxaBahe CTawa KOMyHukauuje Tpeba
CBECTM Ha MUHUMYM. TO ce NOCTMXKe crakem MeTamHompaumja y NpBoj Nopyumn, a 3aTuMm, ako
ce fobvje noTBpAaH 04roBOp OA Npumaoua, Wwarbe ce cagpxaj nopyke.

OGpasauy koju je noctao 3naTHU cTaHgapd y Akki ce HasuBa ynumuHu obpa3say (eHe.
Ask pattern). Obpasal HaBoau ga obpahuBawe oaroBopa Tpeba genervpatv OoOerbEHO]
KOMMOHEHTN KOja je KpeumpaHa ca TuM pasnorom [1]. HakoH wTo ce o6GaBu uuMknyc “3axTeB-
OAroBOp” 4YeCTO Cce AellaBa a TPEeHYTHU npouec Mopa Aa HacTaBu ca HapedHuM kopauuma. [a
oucmo oBo omoryhunu aktep 6m morao ga dyBa many kopenauvja mHaeHTudukaumja ca
MHopMaLMjama Koje ce TUYy npoueca HacTaBka UM v Morao aa CTBOpY HOBOT akTepa 4ujn 6u
3agartak 6uo ga HactaeuM ca npouecoM Mo npuctusawy ogrosopa. OBaj npuctyn je yrpaheH y
Pa3BOjHO OpKY>XeHwe Mofena akTepa rge je gogerbeHa ogrosapajyha cuHtakca oBom obpacuy.
HakoH npuctmsamwa ogropopa OeTe akTep koje je ogpeheHo 3a obpagy ogroBopa MoXe na
nowlarbe poauTerby MOPYKYy ycnexa, NMopyky Heycnexa unu nopyky ucreka Tajmayta. Osa
nHdbopMaLmja ce cMmellTa y objekaT koju ce HasmBa 6ydyha epedHocm (eHe. Future). Byayhe
BpeaHocTn omoryhasajy nmnnemMmeHTauujy poguterba 6e3 6rioknpata TOKOM Yekaka pesynraTa.

Y cuctemy oHnajH 6aHkapckmx cepsuca BANKX22 obpasau KoMyHMKauuje je Hallao CBOjy
NPUMEHY Y KOMyHUKaLMju KOHTporiepa 1 aktepa. Kako je KOHTporepy HeOnxo4HO Aa cadeka Ha
OLroBOp W MpocCrean ra KOPUCHNUYKOM MHTEPAEjCYy OH NyTeEM YNUTHOr obpacua Lwarbe 3axTeB Y
BMAY NOpykKe akTepa Ha Aarby obpaay n aobuja objekat 6yayhHOCT Koju HakoH paspeluaBara y
KOHKpeTaH ofroBop Bpaha KopMCcHUYKOM MHTepdejcy. Mopamo BOgUTU padyHa Aa He npetepamMo
ca kopuwheweM rope nomMeHytTux obpasaua jep ce TO MOXe oapasuTu Ha nepdopmaHce
cuctema. Peunmo ako ce cTporo npuapxasamo obpacua 3axteBa 1 ogrosopa, Taga he ogrosopu
yBEK CTU3aTu ca cepsBuca Kome je 3axteB ynyheH. AKO y KOMyHMKaUMjK ca KIMjeHTOM MOCTOju
CEepBWC KOju NpeacTaBrba NocpeHuKa y KOMyHUKaumju ca 4pyrum cepBucrMMa, Koju je KOHTponop
3axTeBa u npocrnefhuBay 3axTeBa Ha npaBy agpecy, Taga ako ce npuapxasamo obpacua 3axTeBa
n ogroesopa, ceaku oarosop he 6utn npocnehuBaH kNujeHTy Takohe npeko nocpegHuka. OBO
MOXe da u3asoBe edhekaT “yckor rpna” noroToBO ako Cy OAroBOPM HEKM MyNTUMeaujanHu
cagpxaju.

[a no oBora He 61 OOLWINO MOXEMO NPUMEHNTU obpa3ay moka Hanped (eHe. Forward
flow pattern) koju Harnawasa ga TOK nopyka Tpeba ga Oyae aupektaH npema ogpeauwty Tamo
roe je To moryhe [3]. To 61 3Ha4uno ga 0AroBOpU pasnUUNTUX CepBUCa He nay NPeKo NocpeaHuKa
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Hero OUPEKTHO KNUWjeHTY Koju je ynyTuo 3axteB. OOpasal Toka Hanpen je nNpuMeweH y aeny
cuctema oHnajH 6aHkapckmx cepsuca BANKX22 koju je umnnemMmeHTupaH kopuwherwem mogena
akTepa. HakoH WTO je KOHTponep Mocrnao WHUUMjanHy MOopyKy CUCTeMy MoOAeny aktepa,
pedepeHUa KOHTporiepa ce nponarMpa yHanped CBe OO akTepa Koju Bpwu cdmHanHy obpagy
3axTeBa v pesynTaT Warbe ANPEKTHO KOHTPONepy.

Y cuctemy Kao LWITO je cuctem oHnajH 6aHkapctea BANKX22 mopamo BOAMTW padyHa Ha
Koju HaumH obaBrbamo TpaHcakumje. Kako je cuctem guctpubympaH Tako CTaHOgapaHu
MexaHu3Mu MonyT 3akrbyvaBaka nogataka KojuMma ce nocTmxke aTOMUYHOCT TpaHcakuuje Hehe
6uTn moryhu, NOroToBO ako ce Aecu Aerberwe Mpexe. TpaHcakumja Kao WTo je npebauuBane
HOBLlA Ca jedHOr payyHa Ha OpyrM MOXe 3axTeBaTu yrnasHe MoAaTKe U3 BUlle pasfuynTmx
KOMMOHEHTU 1 Takohe yTuuatu Ha MoAudUKauujy BULLE KOMMOHEHTW. Y OBaKBOj cUTyauuju
norogaH je caza obpa3sauy (eHe. Saga pattern). lecdmHuumja cara obpacua je oa Tpeba nogenutn
AncTpnbympaHe TpaHcakuuje Koje MMajy OyrM >XMBOTHM BeK Yy Bulle Op3mx rokanHux ca
ogrosapajyhum akumjama y cnydajy Heycnexa [27]. Opyrum peunma, Tpeba n3BpLunTy Kpenpame
KOMMOHEHTN Cca KpaTKUM XWBOTHMM BEKOM Koje O6u obasune usBpluaBawe HWU3a akuuja
ANCTMOYMpaHMX Npeko BuLIe KOMMOHeHTU. OBakBa KOMMOHEHTA CMYXW Kao OopKecTpaTtop Yy
npeHocy HoBLa 1 06e36ehyje ogrosapajyhe akuuje y cnydajy oa us Hekor pasnora oo TpaHcdepa
He moxe gohu. OHa obesbelhyje aa ce TpaHcakumja U3BpLUM UK Aa ce npeknHe obesbenyjyhn
aTOMUYHOCT N €BEeHTyasniHy KOH3UCTEHTHOCT, a He Gnokupajyhin KOMMOHEHTE Koje y4yecTByjy y
npeHocy. Jow jegHa KapakTepucTuka care je na OHa cajpXXm CBO 3Hakbe O rnpouecy npeHoca, Tj.
KOMMOHeTe Koje y4ecTBYyjy y npeHocy cy ocrioboheHe Te oAroBOPHOCTU. Y cry4ajy npoMeHa oBO
je noxxerbHa KapaKTepucTUKa jep ce cBe NpoMeHe obaBrbajy Ha jegHoM mecTy. CBa cTama Koja
nma cara KoMnoHeHTa Tpebajy 6uTtn cadyBaHa, Tako ga ako fofe Ao oTkasa care Mory nako ga
O6yay nospaheHa NpUNMKOM pectapToBatsa.

MpunmMkom KoMmyHuKauunje namehy cara KOMMOHEHTE U KOMMOHEHTE Ha KOjoj ce Hanase
ogroeapajyha cpeactBa moxe gohm M3 Hekux pasnora o rybutka nopyka. Kako 6ucmo
00e30eaunu noysgaHvje u3BplLUaBake€ TpaHcakumje noTpebHO je Aa cara NoHaeiba Crnakwe
NHULUMjanHe nopyke cBe AOK He CTUrHe NoTBpAaH OAroBop, Aa Y Ty MOPYKY YKIby4Yun MHopMauujy
O MAeHTUdUKaLMjM caMor 3axTeBa Kako OM KOMMOHEeHTa Morna Ada ra WUCKOPUCTU U Crpeyn
BMLLECTPYKO CKuaawe cpeacraBa 3a UCTU 3axXTEB 1 a KOMMOHEHTa Mopa yBeK ia BpaTu OAroBop
Yyak 1 3a NOHOBHO nocnate nopyke. OBakaB BUA KOMyHUKaLmje ce Ha3mBa obpa3ay rMocs08Ho2
pykKoeama (eHe. Business Handshake pattern) 3aTo WTO je KpyLMjanHO Aa O4roBOP KOMMOHEHTE
nMnaMumMpa ycneLwHo npouecupaH 3axtes [3].

3.7 Obpacuu KOHTpone Toka

Kako 61 anctpmbymnpaHm peaktMBHM cucteM 6o OTNopaH Ha NpomeHsbmBa ontepehera
noTpebHN cy mexaHM3Mm Koju Bu cripeunnm oTkas KoMmnoHeHarta 36or npesenukor 6poja 3axTea
Koju cy joj ynyhenn. JegaH TakaB mexaHu3am ce Ha3vBa obpa3say eyyera (eHe. Pull pattern).
O6pasay, By4era HaBOAM Kako noTpollay 3axTeBa Tpeba ga Tpaxu og npomssohaya Behu ckyn
nogaraka [2]. Ha Taj HaumH noTpoLwlad nma KOHTPONY HazZ KONMMYMHOM 3axTeBa Kojy je y cTamwy Ada
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obpagun 6e3 npeontepehunBama. bpoj TpaxkeHNx 3axTeBa MOxe GUTKM NpunaroAbLUB AUHAMUYKN
Kako 61 ce nocTurao onTManaH paj noTpoLuada 3axresa y 610 KOM OKpyXXeky, Kako NpUInkom
pasBoja 1 TecTupama, Tako Uy camoj npoaykumju. Y Mmoaeny akrepa, aktep npoussohad Moxe
Kpenpatn ogpeheH 6poj akTepa noTpowlada un Taj Opoj npunarofhaeaTt y 0OAHOCY Ha yKynaH 6poj
3axTeBa W pecypca kako BUCMO NocTUrnm onTumarnHe nepdopmMaHce 1 Kako aktep npounssohay
He 61 MOpao y3anyaHo Aa Yeka 40K My He CTUIHe 3axXTeB 04 akTepa NoTpoLLaya 3a HOBMM CKYMNoMm
3axTeBa.

MocToje cuTyaumje kaga Huje moryhe KoHTponucaTtu 6p3aunHy cnawa, O4HOCHO nNpuMamsa
nogartaka, na camum TUM Huje moryhe npumeHuTtn obpasau Byyewa. Peuumo ako noctoju
KOMYHMKaLMja CMCTEMA Ca HEKMM EKCTEPHMM CEPBMCOM Haz KOjUM HemMamo KOHTpony. Taga ce
MOXe NpUMeHnTN obpasay ynpaesbusux pedoea (eHe. The Managed Queue pattern).
OedwuHnumnja obpacua ynpaBrbuBnx pedoea je ga Tpeba ynpasrbatu ynasHMM pegoBuMma u
pearoBaTu CKMagHO HMXOBOM HUBOY UCNyHeHOCTU. aeja je oa ce cTpykTypa nogaTaka Koja ce
HasvBa ped uMmnnemMeHTupa namehly KOMNOHEHTE Koja npuma 3axTeBe U eKCTEPHE KOMMOHEHTe
koja ux warbe. OHM OHAa MOry Aa BpLue Haarneaame n Boherwe nepdopmaHcyu cuctema nopyka.
Nako oBakaB MexaHu3am npeTcTaBiba OANUYHY NUHWjYy oabpaHe of npeontepehera, Moxe ce
AecuTun ga je 6p3vHa 3axTeBa Kojy LWarbe ekCTepHa KOMMOHEHTa TonMko Benuvka aa he gohm go
nyweta Mmemopuije peaa. Y jeqHOM TPEHYTKY CUCTEM BULLE HEhEe MMaTU pacnonoXuBy MEMOPUjY
KOjy MOXe fa gogenuv pegy na 6u mopao aa yracu Heky Apyry KOMMOHEHTY Unu aa nagHe.

Y TakBoj cuTyaumju 6osree je npumeHnTn o6pasay odbayueamsa (eHa. Drop pattern) koju
HaBoau Aa 3axTeB 60rbe oabaunTh Hero NyCTUTM Aa HEKOHTPONUCaHo Heycne. Tako Aa je 6orbe
Aa KOMMNOHEHTa rae je pe nMmnnemeHTMpaH nma moryhHoct ogbaumBana 3axrteBa kaga gohe go
nonyHeHOCTN MEMOpUje peaa Hero NyCTUTM CUCTEMY A Ce HOCU Ca HEKOHTPONMCAHO Heycnenum
3axteBoM. Kako 6ucmo koHTponmcanu opbaumBawe 3axTeBa [[00Opo pewewe je
nMmnnemeHTUpaTn anroputam ogbaumBara Ha OCHOBY OAHOCa yHOca M Bahewa u3 pega. Ha
OCHOBY TOr 0fjHOCa Ce MOXe u3padvyHaTu BepoBaTHoha oabaumnBana 3axteBa. LLUTo je pen Buwe
nonyweH, TO 3Hauyu da je Op3vHa npuctuldawa 3axrteBa Beha of O6p3anHe Bafewa 3axTeBa U3
pena, 1o je BepoBaTHoha ogbaunBarwa Beha. OBum ce noctmke ga he gohu oo yjeaHavyaBawa
3axTeBa ybauyeHux y pen u obpahmBaHuMx 3axTeBa, a Takofle ce Op3anHa cnawa Moxe
npunaroguMTn unu nepgopmaHce obpae 3axresa.

3.8 Obpacuu ynpaBrbata 1 YyBawa CTama

BehnHa komnoHeHaTa cuctema he mMopaTM Ha HEKM HauvH ga ynpasibajy CBOjUM
cTawmMMa. Ta cTawa je y MHOrMM criydajeBMma noTpebHo yyBaTu pagu onopaBka y crnyyajy
oTka3a. Kako 6u ynpaBreate ctawuma 6uno edumkacHmje noxeroHO je 0ABOjUTU ra o4 AOMeHa
OU3HNC Nnorvke 1 KOMyHuKaumje. 3a 0By CBPXY MOXEMO KOPUCTUTU obpa3ay objekma domeHa
(eHe. The Domain Object pattern) Koju onucyje HauMH Ha KOju MOXEMO OApXKaTu jacHy rpaHuLy
n3mMehy nHTpeca NOCMOBHE JIOrMKe, ynpaBibaka CTakba U KoMyHuKauumje [2].

Ako kopuctumo obpasau objekTa AOMeHa Taja je CBaka NpPOMEHa CTaka ynapeHa ca
porahajeM Koju ce Lwarbe KIujeHTy Koju je 3aTpaxuo npomeHy. OBu gorahaju cagpxe ueny
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NCTOPUjy Ha KOju Ha4MH je objekaT JOMEHa eBOnympao na Mx MOXemMo UCKOPUCTUTU Kao MeToA
ovyBakba NPOMeEHe cTaka. TO MOCTUXKEMO TaKO LITO M3BOAMMO MPOMEHY CTaka NPUMEHOM
ogpeheHor gorahaja n npaeBumo mx TpajHuM YyBajyhu Te gorafhaje y nory. OBakaB npucTyn ce
Ha3nBa obpas3ay dozahaja kao uzeopa (eHa. Event-Sourcing pattern). Ime je nobuwo 3ato wTo
came pgorahaje npaBumMO WM3BOpMMAa WCTMHA 3a cadvyBaHe objekTe [gomeHa, a He
TpaHchopymUulemMo nX y axypupawa jegHor cknaguwrta [1]. Kako cy pgorahaju uyyBaHu y
ypefheHoM nopeTKy y foroese, AOBOJbHO je HMXOBO HafoBe3VBake HAKOH naga kako 6w ce
KOMMNOHeHTa BpaTtuna y ogrosapajyhe crame.

Cuctem oHnajH 6aHkapctBa BANKX22 KOpUCTM NOrOAHOCTM Pa3BOjHOr oKpyxewa Akka
.NET y Buay UntypedPersistedActor aktepa Koju npyxa WMNIeMeHTUpaHe MexaHu3Me 3a
ynpaBrbake 1 YyBawe CTawa. Buwe getarba o ynotpebu he 6utn npyxeHn y HacTaBKy TeKCTa.
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4 TexHornoruje

4.1 bubnuorteka React

React je 6ubunoteka HanuMcaHa y nNpOrpamMckoM je3uky Javascript koja cnyxu 3a
npaBrbeH-E KOPUCHMYKOT MHTepdejca. React je neknapatuBHa 6mMbnnoTteka koja je 6asnpaHa Ha
nMcaky KOMMOHEHTU KopuwheweM peakTUBHWUX npuHuuna [7]. 360r oBMX KapakTepucTuka
KopuwheHa je NpunNmnKom napane KrmjeHTCKor gena cucteMa oHnajH 6aHkapactea BANKX22.

Kaga npasumo anukauunjy kopuctehm 6ubnuoteky React mu y cTBapu annukauujy
3aMuLLITbaMOo Kao Xujepapxujy KOMNoHeHTU. Ha BpXxy Xxujepapxuje ce Hanasm KOMMOHEHTa Koja
npeacTaBrba Leny annukauujy, a NoToOM ce OHa Aenv Ha OCHOBY CBOjUX (DYHKLMOHANHOCTM Ha
Apyre KOMNoHeHTe. Tako noHaerbajyhu pekyp3vBHO npouec A0MnasMMo A0 KOMMOHEHTU Ha AHY
Xnjepapxuje Kog Kojux cBaka KOMMOHEHTa npeacTaBiba jedHy (PYHKUMOHANHOCT annukauuje.
OBuMM noctynkom je y cTBapu npaheH obpasauy jegHocTaBHe kKommnoHeHTe (3.1 O6pasauy
jeaHocTaBHe KOMMNOHeHTE) 1 obpa3sau jearpa rpelke (3.2 Obpasay jesrpa rpeLuke).

Ceaka KOMMOHEHTa MMa gBa objekTa Koja Cy Heu3oCTaBHa W NpeactaBrbajy CYLUTUMHY
uMnnemeHTauunje KomnoHeHarta. pBu je objekaT cTara y KOMe ce YyBa U axypupa fnokanHo
CTake KOMMOHEHTEe U Ha OCHOBY kora GubnuoTeka BpLUM MOHOBHW MNpUKa3 Te KOMMOHEHTE.
OG6jekat cTama ce nHuumjanuayje y LmKnycy Kpempawa KOMNOHEHTE 1 Ha OCHOBY H-era ce BpLUK
WHMUMjanHn Npukas, a 3aTuM, Kaga ce HeKn Aeo CTaka NMPOMEHN BPLUM Ce NOHOBHO MCUpTaBake
Te KOMMOHEHTe ca axypupaHum ctaweM. [pyrn objekat ce KOpUCTM Kao HauMH KOMyHMKauuje
n3mehy KOMNoHeHaTa Ha pasnMynTUM HUBOMMA Xujepapxuje n Hasuea ce props. Kaga poauters
KOMMOHEeHTa Xenun aa obaBecTu AeTe KOMMNOHEHTY, OHa Y props objekaT gopaje ogrosapajyhe
CBOjCTBO Ca XerbeHoM BpefHowwhy. CBaku NyT kaga AeTe KOMMOHEeHTa NpuMMU HOBY BPeOHOCT
OHa Ce NOHOBO MpuKasyje KOPUCHWUKY. YKONnko BUcmo Xenenwu fga ce KOMyHuKauuja oasuja y
CYNpOTHOM CMepy, Aa AeTe MHULMpa KOMYHUKauujy ca poauterbem, NnoTpebHo je Aa npurmMkom
uMnnemeHTauuje, poautere npocrnean getety nomohy props objekta ¢yHKumjy kojy he gete
KOMMOHEeHTa Nno3BaTth Kaga ce gecu ogpehenn gorahaj n Ha Taj Ha4YMH obaBecTn poauTerba o
XerbeHoj akumju.

Buoumo pa oBakaB HauvH KOMYyHMKauuje ogygapa o npuHuMna KOMyHUKauuje
3aCHOBaHOr Ha Mnopykama Koju Ham Hanaxe MaHWgEeCT peakTUBHOI nporpamupansa. Minak ako
y3MeMO y 003up YntbeHULY Aa Ce KNUjeHTCKa CTpaHa anfnukaumje yrnaBHOM Hanasu Ha jedHoj
MaLLMHKW, TAaKO Aa NoKanHa TpaHCNapeHTHOCT Huje TONMKo BUTHa KapakTepucTmka na cammm TUm
N KOMYHMKaLMja 3aCHOBaHa Ha Nopykama Huje 3HadajHa y OBOM cry4ajy.

Ha Crnvum 4.1 pat je xvjepapxujcku npukas KruvjeHTCKOr Aena annukauuje OoHNajH
6aHkapcTBa BANKX22. 3a oBakBy CTPYKTYypy annukaumje naearnHo je kopuwherwe 6ubnuoteke
React. App KOMMNOHeHTa npeacrtaBiba ,KopeH‘ cTtabna y pgpeeTy KOMMoHeHTU. Kako
dbyHKUMOHANHOCT annukaumje pasnaxemo Ha oaroBapajyhe cepsuce Tako gobujamo cregehu
HUBO XMjepapxuje ctabna. Ako rnegamo nojeaAnHa4YHoO CBakKu CEPBUC MOXEMO OMET MPUMEHUTU
obpasal jegHOCTaBHe KOMMOHEHTe U A0BWUTM KOMMOHEHTEe Koje npeAcTaBrbajy nojeguHadvHe
dyHKUMOHaNHoCcTK cBakor cepsuca. Peunmo ako nornegamo Payment KOMMOHEHTY Ha Crvum
MOXEMO NPUMETUTU [a je OHa pasnoXxeHa Ha KoMNnoHeHTe PaymentForm n PaymentSummary.
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Cnuka 4.1 Jujacpam KomrnoHeHmu annukayuje oHnajH baHkapcmea BANKX22 umnnemeHmupaHux y 6ubnuomeuyu
React

MoHaBkajyhn noctynak KOMMOHEHTe MoXeMO Yy React-y Bpno edukacHO U nako pasnaratm go
ONTUMarnHor HMBoa rpaHynapHoctu. Ha Cnvum 4.1 Bugumo ga KoMmnoHeHTa Payment KopucTtu
KomnoHeHTy AccountSlider kako 61 y cnajoepy npukasana crnmcak CBMX padvyHa Kojuma KOPUCHWMK
TpeHyTHO pacnonaxe. OBa KOMMNOHeHTa je Takohe kopuwheHa of cTpaHe Home cepBuca. React
y OBMM CUTyauunjama npasu 4Be 04B0OjeHe Komnuvje KOMMNOHEHTU, Tako Aa NPOMeHa CTawa Kof jeaHe
KOMMNOHeHTe Hehe yTuuatM Ha npoMeHy cTakwa kog gpyre. OBum je obGesbeheHo CBOjCTBO
HeriopMmerugocmu o0bjekma Koje je jeaHO of LEeHTapSIHMX KoHUenaTta Kako y OYHKUMOHANHOM
Tako M 'y peakTMBHOM nporpaMupamy.

4.2 Bbubnunoteka Redux

Redux npepgcraBba 6OMONMOTEKY HanucaHy Yy Javascript jesuky Koja nomaxe Yy
oapxaBawy rnobanHor crtakwa annuMkauuwje, O4HOCHO CTaka Koje je MnoTpebHO y MHOrmm
aenoeuma annuvkaumje. Cacrtoju ce o ckyna obpasaua 1 anarta Koju ofakiwaeajy pasymeBare O
TOMe Kajia, Kako 1 3aLUTO je CTake y annmkaumjn axypmpaHo 1 Kako ce cama annvkauuja noHawua
Kafa je ctawbe nNnpoMereHo [8].



Cwuctem oHnajH 6aHkapctBa BANKX22 cagpxu ogpeheH 6poj nogataka koju ce Tpebajy
oApxaBaTu Ha rrobanHomM HMBOY. 3a nogaTke Kao LUTO Cy KOPUCHUYKM MOEHTUTET, payvyHu
KOpUCHUKa 1 obaBrbeHe TpaHCaKumje HMje JOBOSBHO fOKanHo cTake Koje HaMm npyxa React-oBa
KOMIMOHEHTa jep ce OBM Mnodauu KOpUCTe Y BULLIE pasnnunTux cepsuca. Takohe, KOHCTaHTHO
JoBrayewe OBMX KOMMOHeHaTa ca CepBepckor Aena annukauuje 6m 6uno npeckyno u
HenoTpebHo. 3a nogaTke OBaKBOr Tuna naeanHa je ynorpeba 6ubnuorteke Redux.

HanomeHynu cmo ga je rmaBHM 3Ha4daj oBe OMONMOTEKe OnakwaBakwe OoApXKaBaha
rnobanHor crtawa. CxogHO TOMe jegHa of rNaBHUX KOMMOHEHTU 6ubnuoteke Redux je
LeHTpanHo ckrnaguwTe y KOMe ce To cTawe 4vyBa. Ctarme MOxe OMTU MpomMereHO camo
nocpeacTBoM cneuujanHe oyHKUmMje koja ce HasmBa pedykmop (eHa. reducer). Pedykmop nobuja
Kao napameTap cneumjanHo geduHUCaH nakeT nofaTtaka Koju ce 30Be akuuja M Ha OCHOBY TUNa
akuuje axypvpa ogpeheH aeo ctama LeHTpanHor cknaguwTta®. Akuuja je Javascript objekaT koju
ce cacToju oA Tvna, a YecTo U of nopaTtaka No KOHBEHUMjU HasBaHWx payload. CBaky akuujy
opawwurbe Redux-oBa KOMNOHEHTa HAKOH NoTpebe 3a npomeHoM rnobanHor cTaka annukauuje.
MprmopaBarweMm ga ceaka npoMmeHa byae onvcaHa akumnjom omoryhaea ce jacHO pasymMeBahe 0
TOMe WTa ce goraha yHyTap annukaumje. Kako Gucmo npnnukom nucara annukaumje ogp>xasanm
pobpe npuHUMne noprpamupara Kao LITO Cy €eHKancynMpaHocT, oaBajakbe Opura u csenu
aynnupake Koga Ha MUHUMYM, MOXESbHO je akuuje odalmrbaTi U3 KOMMOHEHTU NOCPEACTBOM
cneumjanHmx oyHKUMja KOje ce 30BY KpeaTopu akuwuje (eHr. action creator). Kao wrto camo nme
dyHKUMje Kaxe, HheH UWb je Aa Kpeupa u Bpatu ogpeheHy akuujy koja he 6utm nocnata
peayktopy. OnucaH npouec je npukasaH Ha Cnvum 4.2.

Mpuma akuwje U axypupa
CTatbe.NpeacTasba YNCTy

MpegedrHKcan nakeT, CHHXPOHY yHKUM]Y Se3

CAAp#M Kao 00aBeaHy

WHIDOPMaLK]y TUM, 8

4ecTo W NogaTak Kojk ce

Ha3MEa Nejnoyg Oonazu go

DouHux edexaTa, Mmory
MOCTOJATH BHLUE KOMOHHOBAHWX
penykTORa

PeaykTop

Amypwpa

Axuvja O

Mpocnefyie axypupaHo
CTare annuKaLMin

War-e obasewTeke v

YyBa cTarbe
annukaumje (AyTomarTcka)

MNMpernnarta

Mpocnehyje axypyupaxo cTarse Kao MNponc objekar

>Kenu na MaHunynule cTakem annukauije

Cniuka 4.2 lNpouec axypupara arnobanHoe cmara KrujeHmckoz 0ena annukayuje kopuwherem 6ubnuomeke Redux

9Bubnunoteka Redux npaTh KOHUENTe (MYHKLMOHAMHE napaaurme Tako [a He nocToju ANPEKTHO MeHsaHe
nogataka. Kaga ce y TekcTy HaBoau Aa ce CTakwbe axypupa MUCHM ce Aa Ce Kpeupa noTnyHo HOB objekaTa
KOju nNpefcTaBrba CTake TaKo LUTO Ce HENPOMEHEHU OENOBM CTaka KonNupajy, a AoAajy NpoMeH-eHn u
HOBO CTah-€ Ce CTaBSba Ha BPX CKMaguLITa kKao TPEHYTHO CTake annukauuje.
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4.3 Redux-oB ckyn anarta

Redux-oB ckyn anata (eHe. Redux Toolkit) npeacTasrba BULLY ancTpakumjy Koja nomaxe
Aa ce nojegHocTaBe Hajuyewhu cny4vajeBu ynotpebe Kkoju ce jaBrbajy y oubnuoteum Redux [9].
Kopuwherem oBor anata gobujamo 4nTKuUjU Ko jep KOpMCTUMO npededuHncaHa npasuna u
yrpaheHe yHKuUnje oBor ckyna.Takohe gonasm u A0 enemMumHucawa Koda Koju ce 0GaBu
KoHdurypaumnjom Redux-oBor cknaguwita un rmocpedHuka (eHea. Middleware-a). Redux-oB ckyn
anaTta Ham npy)ka HeKONuKo doyHKUMja Koje MOXEMO KOPUCTUTU W [oAaje 3aBUCHOCTU HEKUX
nakeTa Koju ce 4yecTo KopucTe 3ajegHo ca Redux-om. OBakBUM NpUCTYNOM ocurypaBamo ga he
3axTeB 6UTK M3BPLUEH TAYHO jeJHOM.

Kaga »xenumo ga Redux noBexemo ca annukauujom npsum kopak 6u Tpebao 6uTK
Kpeupawe U KoHurypmucamwe cknaguwta. ToMm npunokom ce dyHKUuMja Koja BpLUM Kpenpare
npocnehyje kao napameTap peaykTopy Koju he axypupaTu CTaka U CKyn onuuja Kao LWTO Cy Ha
npumep rnocpedHuyu™ koju he GUTK KopuwheHn, anaTn 3a Nakwy pasBoj U npahere cTama
annukauuje n MmHoru gpyriu. Beoma 4ecto ce 3a MHOre annukauumje KOpucT UCTU ckyn onuuja. da
©u ce nporpamep annukauuje ocnoboamo obasese py4HOr KOHUrypucama redux-oB ckyn anaTta
yKIbydyje doyHKUMjy configureStore Koja BpLUX ayTOMaTCKO MHULMjANTHO KOHUrypucamwe n Tume
ocnobaha nporpamepa ga nuwe KoHdUrypauvje koje ce Hajuyewhe ynoTpebrbaBajy y
annukauuvjama.

Cuctem onnajH 6aHkapctBa BANKX22 kopucTu KOHUENT napvuha (eHe. slice) koju je
rmaBHa KapakTepuctuka Redux-oBor ckyna anarta. CBaku napyuh npeacTtaB/iba A€0O CTamwa
rMaBHOM CKMaguwiTa KOju uMa CBOje MMe, MHUUMjarHO CTake W CKyn pefykrtopa Kojum ce
MaHunynuwie Taj 4eo ctawa. Takofhe cBakoM rnapyuhy MOXeEMO NPUOPYXKUTU U CKYN cerekropa
nomohy kojer React KOMMNOHEHTa Naklwie NpuUCTyna HEKOM CErmMeHTy cTawa. Ha oBaj HauuH je
M3BpLLUEHA jacHa nogena M opraHMsauMja Koga Ha OCHOBY OW3HWC norvke annvkauuje wu
nporpamep je npumMopaH ga ce npugpxasa gobupx obpasaua npyn camom passojy. Osu napyuhu
ce crnajajy y jeoHy uenuHy kopmwherweM KOMOMHOBaHOT peayKTopa Koju ce Hasuea AppReducer.
AppReducer pegyktop 6uM ce morao npocrneauMtM Kao TakaB YHKUMjU Koja KoHdurypuiie
ueHTpanHo cknaguwTe. Nnak y cucteMmy oHnajH 6aHkapctBo BANKX22 ce jaBrba notpeba 3a
BpahamweM rrnobdanHor ctaka Ha WMHUUWjanHe BpegHocTu y ogpeheHnm cnydajeBuma. Peummo
jedaH cnyyaj 6u 6mo ogjaBrbMBaHb€ KOPUCHMKA M3 annukauuvje. Kako npunnkom MNOHOBHOT
npvjaBrbMBakba KOPUCHUK He OBU 3aTeKao Heke CepBUCE Y HEKOH3UCTEHTHOM CTakby pPeayKTop
AppReducer “obMoTaBaMo” ca KOPEHUM PeayKTOPOM KOju uMa (pyHKLMOHAITHOCT peceToBaHa
cTaka 1 wera warbemo cknaguwty. Ha Cnvum 4.3 MoxXemo B1UaeTu ckyn CBUX rnapyuha koju ce
KopucTe y cuctemy oHnajH 6aHkapctBo BANKX22.

0 HensoctaBHM MocpeaHMK CBaKe annukaumje Koja KoMyHuumpa ca cepeepoM je “thunk middleware” koju
CMYXXUN 332 aCMHXPOHO M3BpLUABaHKE HEKMX akumja npocnefeHnx peaykTopy o4 CTpaHe KOMMOHEHTE.

21



I j
\ <

Crniuka 4.3 lNpuka3s ceux napyuha kao u ckyn pedykmopa, ceniekmopa u UHUYujarHux cmara KopuwheHux y cucmemy
OHnajH 6aHkapcmea BANKX22
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4.4 Mopen akrepa

Mooden akmepa (eHe. Actor model) je mogen KOHKYPEHTHMX M3padvyHaBaka y Kojuma ce
cBaka KOMyHMKauMja jaBfba uaMehy eHTUTETa KOju ce HasuBajy akmepu nyTem npocnehuBama
nopyka akTepa Koja Larbe Nnopyky W pefosa Koju cy caHgyynhu 3a nowTy Ha CTpaHu akTepa
npumaoua [1][4]. OBakaB KOHLENT Ce NpBM NyT jaBSba y NpoOrpamckoM jeaunky Erlang.

Akmepu 3apoBorbaBajy cBa Tpu nocTynata MaHudecTa peakTMBHOr nporpamuvpansa,
BOhEHN Cy Mopykama, acuMHXpoHW cy un Hebrnokupajyhmn. OpraHusauuvja aktepa je TakBa Aa
3a[0BOSbaBajy HagarnegaHy xvjepapxvjy 3a ynpaerbawe HeycrnecMMa Ha pasnuyMTtuM HMBOMMa
BaxxHOCTWU. Kagja ce u3y3eTak jaBM yHyTap akTepa Ta WHCTaHua Moxe OWUTU HacTaBrbeHa,
pecTapToBaHa, CTOMMpaHa YakK Wako ce rpellka jaBwuna yHyTap Apyre acuMHXpOHe HUTW.

KopucHnyko okpyxewe Akka .NET koje je 6asvpaHO Ha KOHUenTy moena akrepa
00e36ehyje Npokcuje Kpo3 Koje MHTepakuuja CBMX akTepa Mopa fa Tedye. Taj NpoKcu ce 30Be
pedepeHua Ha akTtep (eHa. ActorRef). To 3a nocneauuy nma ga cam aktep Hema notpebe fa 3Ha
PU3NYKYy nokauujy aktepa Kome wWarbe nopyky. OBO CBOjCTBO Ce HasmBa rokauujcka
TpaHcnapeHTHOCT (eHe. location transparency). Jlokaumjcka TpaHcnapeHTHOCT Ham omoryhaea
Aa, peummo, CTapTyjeMO HOBOI akTepa M MpeycMepuvMO CBE MOPYKe Ka hwemy y crnydajy aa
TPEHYTHW akTep NpecTaHe ca paaoM Yy cpef KoHBep3auuje 6e3 notpebe 3a MmeraweM Kofa came
nopyke. MaHa oBakBor npucTyna je Ta a akTep KOju Larbe nopyky mMopa umatu pedepeHuy
akTepa Koju npuma Ty MOPYKY, OOHOCHO MpousBofay nopyke u notpollay cy YCKO CrperHyTu.
lMpegHOCT OBaKBOr NPUCTYNa je Ta Aa OTKa3s jeQHOr akTepa He yTu4ye Ha pag Apyror 3aTo LWTo je
jeAviHa Tadka npucTyna pedepeHua aktepa.

N3BpluaBare yHyTap aktepa je CUHXPOHO 3aTo WTO ce obaBrba ca je4HOM HUTU 1 apyra
HUT HEe MOXe Ja W3BpLUM MO3MB yHyTap aktepa aupektHo. OBum npuctynom je obesbeheHa
eHkancynauuja npoMeHrbUBOr CTawa YHyTap MHCTaHUe akTepa Tako [da HeMa 3axTeBamba
KaTaHaua kako OuM ce nUMMTMpAO MCTOBPEMEHW NPUCTYN MpPOMeHsbMBOj. Mopgen akrtepa
noApxasa Kako BepTUKarHo ckanvpame (kopuwhere BuLLE je3rapa yHyTap jeiHe MalluHe), Tako
N XOPU3OHTarHo ckanupawe (kopuwhere Apyrnx pecypca Koju cy Ha Mpexu). AKTepu npyxajy
MexaHu3me cynepsusvje y NoapLlLmM TornepaHumje rpewwaka. 36or HaBegeHMX CBojcTaBa Mmajy
CBe KapaKTepuCTuKe 3a U3rparwy peakTMBHOr AuctTpubympaHor cucrema.

PasBojHO okpyxxerwe Akka .NET [o3BorbaBa ga ce nporpamepu cuctema ycpeacpene Ha
OGu3HNC Npouece ymMecTo Aa camu nuuy KOA4 Koju mpya Moy3AaHo noHalwawe, TonepaHuujy
rpewaka mn Bucoke nepdopmaHce. Akka Ham npyxa BULIEHUTHO noHawawe 6e3 noTtpebe
Kopuwheha KOHCTypKaTa KOHKYPEHTHOCTM Kao LITO Cy aTOMUYHOCT, 3akibyyaBakwa 1 npobnema
Koju ce Tu4dy BMArbMBoCTM Memopuje. Camum TMM oMmoryhasa nucamwe KOHKYPEHTUX, napanesiHmx
n ancTpnbympaHmx cuctema nakwmm.

MexaHu3am paga aktepa je cnegehu:

1) AkTep gogaje NpUMIbEHY NOPYKY Ha Kpaj HM3a,
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2) Y cnyyajy ga Huje Beh 3akasaH 3a uv3BpllaBawe, O3Ha4aBa [a je cnpemaH 3a
n3BpLUaBakE,

3) CneumjanHa KoMNoOHeHTa 3BaHa [TnaHep y3auma Tor akTepa U novmkse fa ra u3BpLiaBa,

4) AxTep y3uma NOPyKy ca noyeTka peaa,

5) BpLum mogudukoBate YHyTpaLLH-Er CTaka U Larbe NOpPyKy APYroM akTepy,

6) HakoH Tora lMnaHep oTkasyje akTepa [4].
Kako ©6ucMO nocTurnv oBakaB HauMH pafa CBaku akTep uma caHOyye (pen rae ce nopyke
CTaBrbajy), MoHawak-e (CTawe akTepa), mopyke (4enoBu nogaTaka Koju penpeseHTyjy curHan),
U3BPWHO OKpyXere (MallvHepuja Koja y3auma aktepa Ko Kora nocToje nopyke Ha Koje Moxe aa
pearyje n nosmeBa k04 koju obpafhyje nopyke) n adpecy. OBako nsrpaheH akTep Moxe peLunTu
n3a30Be Kao LITO je HanpaBUTK annukaunjy BUCOKMX NepOpMaHCu U ca KOHKYPEHTHOLLRAY, Kako
peluaBaTu rpelke y cpeanHaMma ca Bule HUTU, Tako M 3alTUTUTM annukaumjy of 3aMKu Koje
HOCW KOHKYPEHTHOCT.

Pa3BojHo okpyxewe Akka .NET nopen OCHOBHOI rpaZiMBHOI eneMeHTa annvkaumje Koju
npegcraBiba akTepa fnpyXxa jow MHOro NorogHocTM da ce pas3Buje jegaH cUcTeM kakaB Gucmo
xenenn pa 6yne BANKX22. JepgHa op MOrogHOCTUM je M CUCTEM pyTupawa Koju je
UMMNNEeMEHTUPaH Y OBOM Pa3BOjHOM OKpPYXeky. Pymepu Cy crneumjanHn aktepu Yunju je rnaBHu
Unrb Ja NpuCTUriy NOPyKy npocriefe jeAHOM WIv BuLe OPYrnx aktepa Ha wTo eduKacHuju
HauyuH. [locToju JocTa pasnuMuUTUX TUMNoBa pyTepa UMMNIIEMEHTUPAHMX Y OBOM pPa3BOjHOM
OKpyXeny. HbnxoBum kopuwhewem ce 3HayajHO noBehaBa NpoOMyCcHOCT cnucTtemMa kao U 6p3unHa
obpage n pobujarba ogrosopa. Pytep MoXe ga UCTy MOpyKy nowarbe sBehem 6pojy aktepa,
nouMpaHnx Ha pasnuMuMTMM MawwnHama, 1 peummo Aa Yeka AOK HajopXKM He nollarbe OA4roBop.
Ha Taj HauMH 1 ako oTKake Heka MaluMHa, OAroBOp MOXe CTURWM o4 akTepa NnoumpaHor Ha
MaLLVHK KOja je pyHKUMOoHanHa.

Beoma OuMTHa norogHOCT koja je MMNIeMeHTMpaHa y pa3BojHOM OKpyxewey Akka .NET
jecTe TpaHCMapeHTHO criake nopyka namehy akrtepa Ha pasnuuuTuM (OU3NYKUM nokauujama.
Ogo je octBapeHo Akka.Remoting w Akka.Clustering mogynuma. Osu mogynu omoryhaBeajy ga ce
HULWTa y UMNIeMeHTaumju Koga He Mera, ako XenvMmo Aa KOMyHUUMpaMoO ca akTepuma Ha
apyrum cuctemmma. JJoBosbHO je npaBuUHO KoHdurypucatn cucteM. Akka.Clustering je moayn
Koju ce Hagorpahyje Ha Akka.Remoting n koju omoryhaea nogeny cumctema no rpynama Koju ce
3oBy knactepwu. Akka.Clustering uma yrpaheHe mexaHu3me OTKpuBaHa OTKasa HeKor cuctema
YHyTap Krnacrtepa, Kao n MexaHu3am OeTeKTOBata KOM akTepy yYHyTap Hekor cuctema tpeba ga
CTUrHE NopykKa Koja je nocnaTa BaH Tor knactepa. YmMheHuua Koja 3HadajHo onakwasa ynotpedy
OBUX MoAyna je Ta Jga je BehuHa cTBapu wmoryha KoHdurypauujom. Tako je moryhe
NPEeKoOHMUrypmcaTm HaumMH KOMyHMKauuje U HaumH pagja camor Kractepa y 3aBWCHOCTU Of
OKpyXXeH-a Yy KojeM ce annukaumja Hanasu Kao M y 3aBUCHOCTM of TpeHyTHe onTtepeheHoCTU
annukauumje. Ynotpebom oBMX MoAyna Hawa annukauuja goduja mMoryhHocT aytomaTckor
ckanupasa y crny4vajeBMmMa cMarweHe, 04HOCHO nosBehaHe ontepeheHocTu.

MHorun aktepu koje umnnemMeHTupa cuctemM oHnajH 6aHkapctesa BANKX22 (nnv 6uno koju
OPYrM CUCTEM KOjU KOPUCTU pas3BoOjHO OKpyxewe Akka .NET) mopa umaTtu moryhHocT 4yBama
CBOr CTahsa y criyvajeBmma oTkasa. YobudjaHo ce cTawe aktepa vyBa y Memopuju. Y crny4vajpuma
npecTaHka paja OBako 4YyBaHO CTake ce rybu n HakoH MOHOBHOr NokpeTawa akTep onet kpehe
O UHMUMjanHor cTarwa. Y HekKuMm criydajsmma je 0BO HeOMyCTUBO MOHaLUake.
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Pa3BojHo okpyxewe Akka .NET Ham npyxa mopyn Akka.Presistence koju ce 6aBu
yyBakeM CTaka TEXHUKOM KOja ce HasuBa u3eop dozahfaja (eHa. event sourcing onucaHor y
nornaesby 3.8 Obpacuu ynpasrbawa 1 YyBawa ctawa). OBMM NpUCTYNoM ce cBaku gorahaj koju
ce Jecu y akTepy 3anucyje y ogroapajyhe cknaguwite, a kaga akTep Xenu ga noBpaTtm XeSbeHo
cTane gorahaju ce na 6ase unTajy CEKBEHLMjanHo 1 4onasun 4o PEKOHCTPYKLUMje CTaka NOHOBHNM
nsBpLLaBakem gorafaja [17]. OBakaB NpuUCTyn KOpUCTe nonyrnapaHy nporpamu 3a KOHTpone
Bep3nja kao wTo je 'ut. NpegHOCTN OBaKBOr HauMHa YyBaka NodaTaka je WTo ce usberaea
npobnem Hernodydapar-a ob6jekmHO penayuoHe umnedeHue'' n onakwasajy cnocoGHOCTU
npoBepe 1 npahera Koju Cy NOrotoBo BUTHM Y hMHaHCKjCKMM cucTemmnma rae je 6uTHa uctopuja
N NOPEKNOo TpaHcakuuja.

Y cny4ajy Aia HeKun akTep YyBa OrpoMHyY KONUYMHY Aoranaja Moxe ce HaYNHUTU BPEMEHCKN
cHMMaK (eHe. snapshot) roe ce HakoH ogpeheHor Opoja gorahaja YyBa caMo CTawe akTepa na
NPUNYKOM PEKOHCTPYKLMje CTara NoYnHe Ce O CHUMIBLEHOT CTakba, a He o4 uHuumjanHor. Tume
ce mory nosehatn nepcdopmaHce cuctema. [letarbHuju npukas ynotpebe pasBojHOr OKpyXera
Akka .NET he 6utun onucaH y nornaesrey MimnnemeHTtaumja annukauuje.

4.5 .Net Web API nntepdejc 3a nporpammpare annmkauuja

Mpunukom npojekToBawa cuctemMa oHnajH 6aHkapctea BANKX22 gowno ce go nutama
KOMyHMKaLmje namehy KOpUCHUYKOr Aena cuctemMa Koju ce Hanasu y npernegady u cepBepckor
gena koju je 6asmpaH Ha mogeny akTtepa. [NpupoaHo pewewe O 6mMno ga ce KOMyHuKauuja
obasrba nytem HTTP npoToKona HeKMM apxmuTekTyanHUMm CTUNOM Kao Wto je REST (eHe. REST-
Representational state transfer) [18]. Npobnem je wWTO Mogen akrepa Ha BUCOKOM HUBOY
ancTpakuuje 3Ha ga KOMyHULMpa camo nyTemM Nopyka koje ce He npuapkasajy HTTP npoTokona
n REST cmepHuua. N3 Tor pasnora je kao MOCT namely KnujeHTCKOr Aena v pa3BojHOr OKpyXXeka
Akka .NET noctaBSfbeHO pasBOjHO OKpyxewe koje ce 3oBe .NET Web API wnHTepdejc 3a
nporpamupame annukaunja (eHa. Web APl .NET Core) HanucaH y C# nporpamckom jesuky [6].

Kaga knujeHT nowarbe 3axTeB 3a HEKUM PecypCcoM, Taj 3axTeB Mponasu Kpo3 HeKu of
KOMYHMKALMOHMX KaHana Koju ce 30Be Kpajia Tadka (eHe. endpoint). Kpajibe Taudke cy
uMnnemeHTupaHe y Bed uHTepdejcy 3a nporpamvparse annukauuja nytem crneumjanHmx knaca
Koje ce 30BY KOHTpomnepu. Y CBakoM KOHTPONEpPY ce Hanase MeToau KOoju ce HaauBajy akuuje un
Koju npeAcTaBIbajy Kpajhwe Tadke [5]. Kaga 3axTeB CTUrHe pa3BojHO OKpY)XeHse 3Ha KOjy 04, akuuja
Aa nosose y3 noMmoh cuctema 3a pytupame. [Noctoju KoHUrypaunmoHu 4eo pasBojHOr OpPKY>KeHa
roe ce BpLUM KOHdUrypaumja cuctema 3a pyTuparwe 1 OpojHUX Opyrnx nogewasaka. Ha oBom
pa3BOjHOM OKpY>XeHYy CBa KOH(pUrypmcama 1 nogeluaBara ce oCTBapyjy MpUHYUnomM ymemama
3aeucHocmu®. Ha Taj HauMH MOXEeMO M3BPLUUTY YMETare U KOHUrypucamwe cuctema akrepa
pa3BojHor okpyxewa Akka .NET. lNowTo cmo oBMM npucTtynomMm omoryhunu nosesvnBake Beb

" Henoaoynapatbe 06jekTHO penauuoHe nMneaeHLe (eHr. object-relational impedance mismatch) —
00jeKkTn y MemMopumju ce He NpecrnukaBajy AUPEKTHO y Taberne penauumoHe 6ase [16].

2 MpuHumn ymeTara 3aBucHocTu (eHr. dependency injection principle) — TexHuka y Kojoj jeaaH objekat
npuMma gpyre objekTe o4 Kojux 3aBUCU U KOjU NpeAcTaBrba jegHy o hopMmn TEXHUKE Koja ce Ha3mBa
nHBep3uja koHTpone [19].
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nHTepdejca 3a nporpamupane annukaumja n cuctema akrepa, notpebHo je jow ga ce 3axTes
KOju je MpucTMrao ca KOpPUCHWYKOr desia npocnean cuctemMy aktepa. Beh je HanomeHyTo ga he
3axTeB obpahuBaTK akumja ogroeapajyher KoHTponepa, na je moryhe n Bpno je4HoCTaBHO fa Ta
akuuvja nowarbe NopyKy akTepy U3 CUCTEMA KOjU je 3a4y)XeH 3a cepBuUCUpar-e 3axTesa.

Ykonuko gohe no nosehaHe ontepeheHocTn cuctema ycneq nosehaHor 6poja 3axrtesa,
Tpeba NpUMEHUTN TEXHUKY ckanupawa. Y TakBuM cuTyauumjama ce nokasano ga je 6orbe u
N3BOAbUBMjE NPUMEHUTU XOPU3OHTANHO CKanupawe, OOHOCHO Kpeupawe BULIEe MHCTaHUM
cepepa. NMpobnem koju ce Ty jaBrba je Aa he cBakM HOBM cepBep JO4ATUM U HOBY UHCTaHUY
cucTteMa aktepa koje cy mefycobHo HesaBucHe. Cpehom, npumeHom Akka.Cluster mogyna n3
pa3BojHOr okpyxewa Akka .NET moxemo KoMOMHOBATU BULLE CUCTEMA aKkTepa 3ajegHo. [obpa
npakca je ga ce NocTaBu jefaH LiEeHTpanHW CUCTEM akTepa KOju je 3ayXeH 3a Haj3axTeBHuje
npouece, a oa apyru CUCTEMM akTepa Koju HacTajy ckanuparem byay nake kateropuje (noHawajy
Ce Kao Heka BpcCTa vyBapa (eHa. proxy)) u ga nopcnehyjy saxrtese LLeHTpanHOM CUCTEMY.
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5 ApxuTeKkTypa cucrtema

5.1 Onuc cuctema

CucTtem je HamereHa KOpUCHULMMA Koju xerne Aa obasrbajy ycnyre 6aHkapctsa nytem
Mpexe. CuUCTeM je OTBOPEHOr Koda W gocTynaH je Ha GitHub penosutopujymy Ha agpecu
https://github.com/Dragutinllic88/Master.git. KopucHnk nma moryhHOCT pernctpauuje y cnydajy
Ja annukauujy Kopuctu npsu NyT, OAHOCHO MpujaBibuBawa YKOSMKO je Beh paHuje M3BpLUInO
npvjasy.

HakoH npujaBreuBarkba KOPUCHUKY ce Hyde MoryhHOCTW npernefa TpeHyTHOr CTakwa Ha
CBMM padyHMMa Koje nocefqyje, npukas uctopuje cBMx TpaHcakumja Koje je 06aBmMo Ha HEKOM Of
payyHa, MOryhHOCT BpLUEeHa XerbeHe ynnaTe, KoHBep3uje cpeacTasa U3 jedHe BanyTe y apyry,
kKao n moryhHoCT y3umara kpeguTa. [lopea oBMX OCHOBHMX CepBMCa CUCTEM Luarbe pasHe
HOTUdUKaLMOHE NopyKe KOPUCHUKY KOje ce TU4y npomMoumja u NorogHoCTu Koje BaHka Hyau Kao
n obaBewwTerwa N ynosopewa o HennaheHum obaBeszama. CBakuM KOPUCHMK MMa NPUCTYN CBOM
npoguny Ha KOMe MOXe NOCTaBUTU, OAHOCHO U3MEHUTU WHAOpMaLMje Koje ce Tudy agpece
CTaHOBaHa, KOPUCHUYKOT UMeHa, cnuke npoduna, 6poja TenedoHa u nvejna. YKonuko ce jasu
notpeba ga ce notpaxu nomoh npunukom obaBrbaka HEKOr cepBUCa UIK NpujaBIbMBara Heke
rpeLuke NocToju cekuuja rae ce Moxe BUAETU KOHTaKT TenedoH u nmejn cnyxoe.

Apxutekypa annukauuje npatv npuHumune AMcTpubympaHor peakTUBHOI MpOjeKToBaHa
cuctema omoryhaBajyhu KOpucHuky oOpy O43MBHOCT, TONepaHuujy Ha rpeLlke 1 KBapoBe Koju
ce Mory jaBuTu, Jobpy enacTUYHOCT U ckanabunHocT annukaumje y cny4yajy nosehaHe, OAHOCHO
cMmameHe ynoTtpebe annukaumje. Buwe O NOMEHYTMM CBOjCTBMMa MOXETe MpounTatn y
nornaerby MaHudecT peakTMBHOr nporpamuparba. AKO ce ecu fa HeKM O cepBuca Huje
AOCTyNaH, a Huje KibyvaH 3a TPEHYTHY XXerbeHy YCnyry, KOPUCHUK Hehe 6uTu omeTeH vy
obaBrbarby Te ycnyre. Peuymmo ako je M3 Hekor pasnora HegocTynaH cepeuc npodumna KopucHmKa
UNN CepBuC Koju 1crnopyyyje HoTudukaumje, KopucHUK he n garoe mohun ga msspLum nnahamwe,
nperneg TpaHcakumja, KOHBEP3Wjy BanyTa unu nogmaawe kpeamta. Moxe ce HapaBHO gecuTu aa
nohe 0o oTKasvBaka OHOI cepBuca Koju 6u KOPUCHUK XTeo Aa UCKOPUCTU. Taga cMCcTeM MOXe
npeycMepuTn n3BpLUaBarme Ha Opyry pensinky cepBuca Koja ce MOXe HarnasuTh Kako Ha UCTO)
Tako M Ha Opyroj MawunHM 1 TuMe oMoryhmutn HecmeTaHo obaBrbane XerbeHe ycnyre.

Npema onucaHum cepBucuMa, OOHOCHO nocmaTtpajyhm 6usHuc noruky annukauwmje,
npupoaHo ce Hamehy HeKonMko BUTHUX eHTUTETA Koju he ce kopucTuTn. MNpBK BUTaH EHTUTET je
KOPUCHUK. EHTUTET KopucHMKa he BUTK KpeunpaH npBuUM npujaBrbuBawem. ToOM npununkom he
cagpxaTtu cBe nogaTtke Koju cy 6unm HeonxodHu Aa Gyay yHeTM NpuivMkoMm npoleca npujase u
Mopa 6utu cavyBaH y 6a3n. OgpeheHn nogaum cagpxaHu y keemy he 61uTn kopmwheHn npunmMkom
nocTyrnka aytopu3auuje, O4HOCHO npoBepe MOryhHOCTU KOpUCHUMKa a nu je moryhe aa u3spwum
ogrosapajyhy akumjy. Hekn nogaum mory 61T namereHmn nytem npodunHor cepsuca. Peummo
YKOJINKO j& KOPUCHMK MPOMEHMO Bpoj MobuITHor nnu agpecy ctaHoBaksa, Taj nogarak ou tpebano
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n3meHnTn pagun sanugHoctu. Cnegehmn 6utaH eHTuTeT je padyH. OH ce npoBnayu Kpo3 cBe
cepsuce. Peunmo ykonuko ce nposepaBa 6anaHc, noTpebHo je nsabpaTtn payvyH ca Kora Kefmmo
Aa npoBepuMO cTake. AKO Ce BpLUM ynnaTa, KOHBep3uja BanyTa unu ce xenu anhu kpeaut
notpebHo je ogabpaTtu padyH ca kora he ce CKMHYTM cpencTBa OAHOCHO Ha koMme he nehu
cpefncrtea. HeusoctaBaH eHTUTET CBakor (pMHaHCUjCKOr cucTeMa npeAcTaBiba TpaHcakuuja.
TpaHcakumja ce KOpuUCTU Yy cepBUCUMMa nperneaa uctopuje TpaHcakuumja rge ce mMory BUAETH
aetarbn cBux obaBrbeHNX TpaHCaKumja, NPUIMKOM KOHBep3uje BanyTta, nnahawa un nogmsarba
KpeauTa rge ce hopmMupajy Ta Tpy Tuna TpaHcakumja. [Npunukom pasmeHe HoBLA Ce KOPUCTU
eHTuTeT HagokHage. OH cagpXu KypCcHy NUCTY 3a Taj AaTyM, O4HOCHO NpoBu3njy kojy he 6aHka
HannaTUTK of KOpUCHMKAa. Jow ABa eHTUTeTa Koja ce KopucTe y annukaumju cy Hotudukauuja n
nomoh Koju ce Kopucte y HOTU(PUKALMOHOM CepBUCY U MpPYXKajy AeTarbe nopyke Koja je cturna,
OOHOCHO KOHTaKT nHdopmaumje cepsucHe crnyxbe. OnucaHn eHTUTeTn U NPOLLECHN TOK Ce MOry
BuaeTu Ha Cnnum 5.1.

ANnUKaynoHn CepencH

Wcropuja

TpaHCcaKkUMja ExTUTeTM/MOAAUN

WHuumjanHm npouec
annukayuje KopwcHK

KopHcHULK HavuH npuctyna Cratee padyHa
rpoLec
ayTopuaaLmie

PauyH
Cepauc nnahata

Moplec

npHjae/brearsa Tpaucarumja

VHTepHeT ‘ N Cepeuc

KopucHk ~— ———»
NpeTPaXUBEaY n03ajMIbHERH:A

MpoLec npomMeHe Hapokdana
Jesuka

CepBuc
pasMetbieaa

B Hotudmeaumia
Mpouec onjage

MpoKiHY cepenc

Momoh

CepBuc
HOTHGMKaLKMja

Cnuka 5.1 lNpuka3 6usHuC apxumeKkmype u ropyeca npucmyrna oHnajH baHkapckom cucmemy BANKX22
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5.2 KnunjeHTcKa cTpaHa

5.2.1 CtpaHa 3a npujaBromBame

Kaga kopucHWK ofde Ha agpecy rge je noctaBibeHa annuvkauuja 6uhe My npukasaHa
CTpaHa 3a npujasrbuBare (Cnvka 5.2 CTpaHuua 3a npujaBrbmBambe).

SN\ Online Bankin

Switch Language: m

LOGIN

If you don't have account
SIGN UP

Cnuka 5.2 CmpaHuuya 3a rnpujasrbugarbe

Ha oBOj CTpaHULM KOPUCHWUK MOXE WM3BPLUMTU MpujaBy YHOLLEHEM UMEjN agpece un wudpe.
OpaBae KOpPUCHUK MOXe Takohe n3BpLMTM M3BOop je3rka MPUTUCKOM Ha jeqHy o4 MoHyheHux
onuuja. TpeHyTHO je noap»aH CPrCKU U eHrNeckn jesunk, any annukawumja je npojekroBaHa Tako
Ja ce OocTa jedHOCTaBHO MOry gogaTtu HoBu je3vuun. [loBorbHO je gogatm HoBu JSON dhajn y
dongep ca umeHoMm jesnum (eHe. languages).

5.2.2 CTtpaHa 3a perncrpoBare

YKONUKO KOPUCHWMK He nocefyje Hamnor Ha pacrnonarakwy My je onumja aa Kpeupa HOBMW.
MpuTHcKOM Ha Ty onumjy npukasaHa My je doopmynap ca nogauuma koje je notpebHo ga yHece
kako 6u peructpaumja 6mna ycnewHa (Cnuka 5.3 CtpaHuua 3a pernctpauujy). ObaBesHo noroe
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je 6poj padyHa unu kaptuue. KopucHuk mopa umaTtu noctojehu padyH unu kapTudy Beh
permctpoBaHy y 6aHum kako ©M Morao ga KOpPWUCTM CUCTEM OHMajH GaHKapCcKux cepsuca
BANKX22.

OcTtana o6aee3Ha norba cy 6poj MobunHor, umMejn agpeca, KOPUCHNYKO ume, wndpa u
nosbe 3a notepay wudpe. MNopen ob6aBe3HNX Norba KOPUCHUK MMa ONunjy Aa yHece n agpecy
cTaHoBaha 1 6poj kyhHor TenedoHa. Oe nHpopmauunje he 6UTK cavyBaHe kao Aeo npoduna
KOPMCHMKA MU Ha OCHOBY HMX onepaTtep Wiv NUYHU caBeTHUK GaHke he umaTu anTepHaTVBHU
HaYMH KaKO MOXE KOHTaKTUpaTh KOPUCHWMKA UNWn rae My Moxe nocnatum notpebHa cpeacrtsa.
YKONMWKO je KOPWUCHUK 3aBpLUMO pernctpauujy ycnewHo, 6uhe BpaheH Ha cTpaHuuy 3a
npuvjaBromBamseE.

RGBS Online Bankin
R :

Switch Language: m ﬂ

Home phone number:

SIGN UP
Your address:

If you alredy have account 1
LOGIN

Cnuka 5.3 CmpaHuya 3a peaucmpauujy

5.2.3 lNoyeTHa cTpaHa

Kaga ce KOpMCHUK ycneLwlHo npujaBu Ha cucteM oHnajH 6aHkapctBa BANKX22 npeo my
je npukasaHa noveTHa ctpaHuua (Cnuka 5.4 MNodveTHa cTpaHa). Ca nese cTpaHe ekpaHa nocTojn
HaBurauuja NomMony Koje KOPMUCHUK MOXe ogabpaTu CepBMC KOjU XKENWU Aa U3BPLUU Ha CUCTEMY.
Haeurauuja je rmo6anHa kKOMMOHEHTA KOja je Bua/buea y CBakoM CEPBUCY M KOPUCHUK MOXe da
NPOMeHM cepBuC Y BUNO KOM TPeHyTKy. Y AOH-eM NEBOM Yriy Cy AaTe onuuje KojuMa KOPUCHUK
nMa moryhHoCT ga Bugun nHdgopmMaumje Ha Koju 6poj moxe ga gobuje nomoh oneparepa unm Ha
KOjy agpecy Moxe fa nowarbe nmejn kako 6u gobmo nomonh.
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Ha noyeTHOj CTpaHU KOPUCHUK MMa MHGOpMaLMje O CTaky Ha CBAKOM Of padvyHa Koje
nocenyje n Moxe BMAETU CNMCaK Nocreiwnx TpaHcakumja Koje je N3BpLLIMO Ha CUCTEMY.

p = Online
A\ sanking Welcome = 2 0

History Balance

Exchange

Payment

Loan
. 5566-7788-8855-7777-11 .

Last transactions

Loan requested from account 556677888855777799 with amount 499999.99 500000 RSD
2021-10-15700-00:00

Payment transaction from account 556677888855777799 to account 111222333444555666777 10000 RSD
2021-09-25T16:07:45.057

Exchange transaction 425 EUR
2021-09-25T15:33:09.703

Exchange transaction 50000 RSD
2021-09-25T15:33:09.7

(7Y

Cnuka 5.4 lNoyemHa cmpaHa

5.2.4 CtpaHa uctopuje

YKonuko KopucHuk ndabepe onuujy ,Mctopuja“ ns Hasuraumje 6uhe my npukasaHa nucta
padyHa koje nocegyje (Cnuka 5.5 ctopuja TpaHcakumja). Ako nputnucHe onumjy Jetarbn® koja
Ce Hanasu Ha CBakoM 0 payyHa KOPUCHUKY ce OTBapa Modan ca AeTtarbMma padvyHa. Ty ce mory
BMOETU MHGOpMaumje o Opojy payyHa, Tuny padyHa, gaTymy OTBapaka padyHa, getarbmma
payyHa Kao 1 TPEHYTHUM PacnosfioKMBUM CpeacTBUMA Ha TOM padyHy. [NpuTnuckom Ha 6uno koju
payyH u3 nucte gobuja ce nucTa CBUX U3BPLLEHUX TPaHCaKLMja 3a Taj padyH y Tabenu ucnog. 3a
CBaKy TpaHCaKuujy ce MOory BMAETU HEHU OeTarbu Y Koje cnagajy Mme TpaHcakuuje, getarbu
TpaHcakumje, TN TpaHcakuuje, BpeMe obpage TpaHcakumje, cTaTyC y KOMe je TpaHcakuuja
TPEHYTHO Kao M U3HOC Koju je obpaheH TpaHcakumjoMm.
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p A\ Online B
e\ sanking History = 2 O

Home

Exchange 556677888855777711 30000 RSD DETAILS
556677888855777799 11940000 RSD DETAILS
Payment
556677888855888811 15425 EUR DETAILS
Loan
556677888855888822 1000 EUR DETAILS

Transactions history

Loan requested from account 556677888855777799 with amount 499999.99 500000 RSD
2021-10-15T00:00:00

Payment transaction from account 556677888855777799 to account 111222333444555666777 10000 RSD
2021-09-25T16:07:45.057

Exchange transaction 50000 RSD
2021-09-25T15:33:09.7

(7=

Cnuka 5.5 lcmopuja mpaHcakyuja

5.2.5 CTtpaHa 3a pa3mMeHy BanyTa

MpuTtnckom Ha onuujy ,MerwayHunua“ y HaBuraumjy KOPUCHMUK MMa MOryhHOCT a u3BpLUn
npebauunBarke cpeacTaBa ca padvyHa Koju je y ogpeheHoj BanyTu Ha padyH ca HEKOM OpYyrom
BanytoMm. Ha camom noueTky y cepBucy ,MewayHuua“ ce sBuam npukas opmyrnapa Ha Kome ce
MoXe nsabpaTtu padyH ca kora he 6GuTu CKMHyTa CpeAcTBa 3a pas3MeHy, Mosbe y KOMe ce MOXe
YHETU KONu4yMHa cpefcTtaBa koja he BUTK 3amereHa Kao U cenekTop rae ce Moxe usabpartu
unrbHa BanyTa pasmMeHe. [lobvjeHa nucTta BanyTa Yy KOjy KOPUCHUK MOXe Oa U3BpLUM 3ameHy he
6UTK NPOMEHIBbMBA 3a CBAKOr KOPUCHMKA Y 3aBMCHOCTW O HMBOA NpUBUIernja Kao U of sanyTa
caMuX padyHa Koje KOPUCHWUK nocenyje.

HakoH yHoca cBUX HeonxogHMX UHdopMaumja n NPUTUCKOM Ha gyrme ,HactaBu® gobuja
ce nHdopMaLmja o Kypcy 3a Tafallkyn 4aTyM U3 BanyTe padyHa y UurbHy BanyTy Kao U norbe
rae KOPUCHUK MOXe YHeTU padyH Ha kome he 6utn npebayeHa pa3merneHa CpeAcTBa. YnucaHu
payyH Mopa uMMaTtu BanyTy KOjy je KOpUCHUK n3abpao, nHave pasmeHa Hehe 6uUTM ycnewHa
(Cnuka 5.6 CtpaHa "MemwauHunua"). YKONuko je pasMeHa u3BpLueHa ycnewHo 6uhe npukasaH
mMoAan getarba O pa3MeHN Kao LUTO Cy padvyH ca Kora Cy CKMHyTa cpeacTBa, KONMYMHa CKUHYTUX
cpefcTtaBa, pavyH Ha koMme cy ynnaheHa cpeacTtsa, KONMMYMHA cpeactaBa y WWIbHOj BanyTh Kao
N KypcC Koju je KopuheH NpunmkoM KoHBep3auje.
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Exchange

D O]

P, sanking

Home

History

Payment

Loan

@0

Exchange form

Select account from which you want to exchang

556677888855777799

Current state of selected account is: 11940000 RSD

Insert amount which you want to exchange:

CONTINUE

Rate on 2021-09-29 15:39:32 date from RSD to EUR is 0.00851700

For amount 2000 RSD you can get 17.034 EUR

Insert account on which exchanged amount will be sent

EXCHANGE BACK

5.2.6 CTtpaHa 3a nnahawe

Cnuka 5.6 CmpaHa "MerauHuya"

KopuCHMK MOXe WCKOpUCTUTM norogHocTn cepsuca ,llnahawe” ykonuko opabepe
NCTOMMEHY onuujy u3 Haeuraumje. NpBo WTO KOpUCHMK Tpeba aa ypaau je oa nsabepe padyH ca
Kora xenu ga mn3spwu nnahawwe. Cnajoep ca nMCTOM padvyHa je UCTU Kao Ha NMOYETHO] CTpaHu.
MoToM je noTpebHO Aa nonyHy hopmy Koja npeacTasrba ynnatHuuy n notepam nnahawe (Cnvka

5.7 CtpaHna "lNMnahare").

3 Online
% % Banking

Home

History

Exchange

Loan

00

= L O

Payment
. 5566-7788-8855-7777-11 .
Beneficiary customer: Model: Reference number:
Mar W oaxynTer, 952244838220
e e,
Payment code:
Beneficiary customer's account:

Amount

Cniuka 5.7 Cmpana "lMnahame”
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Mputuckom pgyrmeta lloTBpau® nojaerbyje ce Mogan Koju Mnokasyje getarbe nnahaka u
KOPUCHWKY ce npyxa MoryhHOCT ga npekMHe TpaHcakumjy unuv aa je nsspLun. YKONuKo je n3spLum
Ha eKkpaHy ce npuvkasyje noTspga O ycnelwwHoM nnahawy a getarbu nnahawa ce mory Buaetm y
cekunjn ,Uctopuja“.

5.2.7 CtpaHa 3a y3amah-e KpeguTta

Cekumja ,lMosajmuua“ kojoj ce npuctyna NpUTUCKOM Ha OnuuMjy U3 HaBurauuwje uma asa
npukasa.

MpBW Npukas je nucta cBux Tekyhnx nosajMuua Koje je KOPUCHUK CKIonuo ca 6aHKom.
Knukom Ha Heky of CTaBku U3 nncTe Mory ce JobuTn getarom Te nodajmuue (Cnuka 5.8 CtpaHuua
ca NpuKasom cBux Tekyhux nosajmuua).

y R Online
%J& Banking Loan ® 2 [O)

Home
History ﬂ IE | New loan

Exchange

Loans History

Payment
Loan requested from account 500000 RSD Waiting for

556677888855777799 with amount authorisation
Loan 499999.99
2021-10-15T00:00:00

Loan requested from account 200000 RSD Waiting for
556677888855777799 with amount 200000 authorisation

2021-10-05T00:00:00

B I=)

Cnuka 5.8 CmpaHuya ca npuka3om ceux mekyhux nosajmuya

Opyrn npukas je ¢opmynap nomohy Kojer KOPUCHUK MOXe [a NnogHece 3axTeB 3a
nosajmuuy. NoTpebHe nHopmaLmje cy: padyH ca kora 61 ce CKMHyna cpeacTsa 3a oTnnarty paTe
nosajMuue, padyH Ha kome 6u 6mo ynnaheH n3Hoc nosajMuue, M3HOC No3ajMuue, BanyTa y Kojoj
he nosajmuua 6uTn ucnnaheHa, onuMoOHO napTuumnaumja nomohy kKoje he 6GUTM cMaweH U3HOC
Kamate n 6p3vHa oTtnnaTte, 4atyM kaga 6u nosajmuua 6una ynnaheHa, gatym go kaga 6wu
KOPWUCHUK Xeneo ga oTnnaTty nosajMuuy, cBpxa y3MMmara nosajMuue 1 ornumMoHO XUroTeka Kojy
KOPUCHUK MOXE Aa MPUMOXHU.

HakoH yHoca nogaTaka 1 npuTUCKOM Ha gyrme ,[1oTBpaun® Ha ekpaHy ce npukasyje mogan
ca getarbuma nHdopmaumja nosajmure. KopucHmk nma MmoryhHOCT Aa npekMHe ca NpoLLecoM Unu
Aa NOTBPAM 3axTeB. YKONMKO NOTBPAM 3axTeB KOpucHMK he 6utn npebayeH Ha npukas ca fiMcToM
nosajmuua Ha kome he Mmohu ga BMan Aa je 3axTeB NOOHET U Aa ce Yeka Ha ayTopusaumjy. Takohe

34



kopucHuky he 6uTM nocnata u HOTMdMKaLMja O MNOAHOLWEHY 3axTeBa W cekuuja ca
HoTMdMKaUnjama y rophem OeCHOM Yrny ekpaHa he 03HaunTu ga nocToju HoTuduKaumja koja

HWje npounTaHa.

D ey ey

Home

History

Exchange

Payment

@0

5.2.8 Onuuje y 3arnassby

Loan ® 10
Loan form
Enter account from which rate will be Choose date when ioan should be received:
charged:
10/05/2021 [m]
556677888855777799
Choose date when loan shoud be paid off:
Enter account on which loan will be paid:
10/05/2022 m]
556677888855777799
Type purpose of loan:
Taken amount:
200000
Enter amount for participation: Insert collateramortgage if you want to

ehoose curency:

Cnuka 5.9 CmpaHuua ca ¢hopmMom 3a rosajmuuy

Y 3arnaBsby ekpaHa ca [ecCHe CTpaHe MNOocCToje TPU Oomnuuje Koje KOPUCHWK MOXe Aa
NCKOPUCTU M TO Cy MpuKas HoTudmKaumja, npukas npoduna KOpUCcHMUKa M ofjaBa KOPUCHMKA.
Ctpanunua ca HoTudMKaumjama npukasyje NUCTy CBUX HoTUdMKauuvja M MpUCTyna joj ce ako
KOPUCHUK NPUTUCHE MKOHY NUCMO. Ha MKOHM MOCTUju Mapkep Koju nokasyje 6poj HenpounTaHnx
HOTM(dMKaumja ykonuko ux mma. CBe HenpouuMTaHe HoTudumkaumje he OGuTM 3atamrbeHe.
lNpuTHUCKOM Ha HeKy of HOTU(MKaLMja Nnpukasyjy ce getarbn HoTUdMKaUmje 1 onunja 3a HEeHO
Opucare (Cnuka 5.10 CtpaHnua ca npukasom nucte HoTudmkaumja).

BN senking

Welcome

History
Exchange
Payment

Loan

Waiting for authorization of loan. 16:20:06 09/25/2021

Cnuka 5.10 CmpaHuuya ca rpuka3om iucme Homucghukayuja
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YKONMKO KOPUCHUK n3abepe MKOHY ,vmkuua“ buhe npebadeH Ha npodusHy cTpaHuuy. Ha
H0j ce Mory Hahu nogaum 0 KOPUCHUYKOM MMEHY, NPOUITHO] CNNUK, UMejN agpecu, MOBUITHUM
6pojeM, agpecom CTaHOoBaha, BPEMEHOM PErMcTpoBara 1 3ahuM BpeMeHOM NpujaBrbmBasa.
Cse nogaTke 0CUM BpeMeHa pernctpoBara v npujaBbnBaka KOPUCHUK MOXeE axypupaTtu 'y buno

KOM TpeHYTKy n3bopom nkoHe ,neHkano” (Cnuka 5.11 MNMpodunHa ctpaHa KOPUCHUKA).

Welcome

p R Online
N
% % Banking

History

Exchange

Payment

Loan

Dragutin llic @

Mobile number. 064222333 ()
Email address: dragutinilic88@gmail.com °
Your address: 4. Sremski Bataljon br. 12 °

Sign up date:

9/19/2021 2:50:33 PM

Last login time:

9/29/2021 4:55:24 PM

=)

Cnuka 5.11 lNpogpunHa cmpaHa KOPUCHUKa

Mocneawa onuuja Koja je noHyfleHa KOPUCHWMKY je onunja 3a ogjaBy ca cuctema. OHa ce
n3BpLUaBa NpUTMCKOM MKOHe ,rawere”. OgjaBom ce kopucHuk npebalyje NOHOBO Ha CTpaHy 3a

npujaBrbnBame.
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5.3 CepBepcka cTpaHa

< web Ap )

TMpBH YEOP CUCTEMA
AKTEPA (CEME YBOP)

[pyri YBOp CUCTEMA
aKTEPa

BankUsersDB OnlineBankingAccountDB OnlineBanking TransactionDB OnlineBankingHelpDB

h A

QOnlineBankingDB OnlineBankingCurrencyDB  OnlineBankingNotificationDB
Cniuka 5.12 Apxumekmypa cep8epcKke cmpaHe, 8UCOK HUBO aricmpakuyuje

ApxuTekTypa cepBepcke CTpaHe npukasaHa je Ha Cnvum 5.12. 3a ANpeKTHY KOMYHUKaLWjy
ca KnujeHTcknum genom annukaumje ce kopuctu .NET Web API cnoj apxutektype. OBaj cnoj ce
cacToju o KOHTponepa Koju NpeacTaBrbajy Kpajiwe Tadke (eHe. Endpoint) kojuma npuctuky HTTP
3axTeBU ca KnvjeHTa. KoHTponepu BpLle nposepaBaH-e UCMPaBHOCTM 3axTeBa M nogaTaka Koju
Cy nocriaTu Kao [ieo TOr 3axTeBa U YKONIMKO 3axTeB 3a[l0BOSbaBa CBe KpUTepujyme npoBepe OH
Ce KOHBepTYje y MOpPYKY U Kao TakaBs Larbe ogrosapajyhem aktepy Koju npunaga cMcteMy akrtepa.
Opyra ynora cnoja .NET Web API je na n3spLum KoHGuUrypaumjy CBUX cepeuca Koju ce kopucrte
y cucTemy (BuLe O AeTarbuma KoHurypauuje ce moxe npountatn y nornasrby 4.5.Net Web API
MHTepdejc 3a nporpammpare annukauuja).

.NET Web API komyHuumpa ca knacrtepmma cuctema akrepa. Knactep cucrema akrepa
npeacTaBiba MpeXy Koja je oTnopHa Ha KBapoBe, enacTuyHa, AeleHTpanu3oBaHa un Kojy YmHe
CUCTEMU aKTepa KOju Hemajy HujeOHy Taudky Heycrnexa HuTM ycko rpno. OHmajH cuctem
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6aHkapcTBa BANKX22 nocenyje knactep Kojy YMHe OBe pernsike cuctema Koju ce y KOHTEKCTY
KnacTtepa o3Ha4yaBajy Kao YBOPOBW.

MpBK 4YBOp KOjU he MpunagaTy KnacTepy ce Hasuea ceme 4Bop (eHa. Seed Node) u
Knactep He Moxe OuTM opopMILEH ako NMPUITMKOM H-EroBe KOHMurypauumje Huje HaBeaeH 6ap
jefaH ceme 4BOp. JedMHO y KOMyHMKauumju ca OBMM 4YBOpPOM je Moryhe npugpyxueake W
yKknawawe apyrux ysoposa [1]. KomyHukaumja nameny 4BopoBa ce BpLUM NPOTOKONOM KOju ce
Ha3nBa oropapawe (eHe. Gossip). lNMomohy oBOr npoTokona ce BpLUM MNpUOPYXUBaAHE U
yKrakar€e YraHoBa Kao 1 axypupawe CTaka CBaKor YrnaHa O JOCTYMHOCTU OCTanux YnaHosa.

Cwuctem oHnajH 6aHkapcTBa BANKX22 nopepn 4YBopa ceMeHa cagpu joLl jeaaH YBop Koju
NPUIMKOM NoKpeTara cMcTeMa y CBOjoOj KOHUrypauuju cagpXku agpecy Ha Kojoj ce Hanasm ceme
4YBOP W NMOMONY Te aZipece ra KOHTaKkTMpa u Tpaxu ga ce npuapyxu rpynu. Ceme 4sop Koju Mmopa
OUTKN NOKPEHYT Npe cnawa 3axTeBa Of APYror YBOpa HaKOH NpMMaka 3axTeBa 0O3HayaBa Taj YBOp
Kao [eo Knactepa M YKONMKO OW ce y KnacTepy Hanasunu joll Heku 4BopoBM nocrnao 6wu
nHpopmaLmje o wuma. NowTo To oBAe Huje crny4aj hopMupaH je KnacTep oA [ABa 4naHa Koja
KOMYHULMpPa NMPOTOKONOM oroBapara. Ha Taj HauuH ce nocTmke pacrnofgena 3axresa y crydajy
npeonTepeheHoCTN HeKor o YBOPOBA, Kao 1 6orba OTNOPHOCT Yy crny4ajy Aa gohe Ao npecTaHka
paga Hekor of 4YBopoBa.

CTpyKTypa cMcTEMCKM AedUHUCAHUX aKkTepa

; [ Juser | | Isystem |

/loginiManager faccount /transaction lcumrency fhelp

fexchange /payment floan fprofile /notification

[MNpBW HWBO KOPUCHUYK AeUHNCAHWX aKTepa Yy cucTeMy akTepa
Cnuka 5.13 lNpuka3 jeOHe pennuke cucmemMa akmepa ca rnpeum HUBOOM akmepa 0eghuHUCaHUX 00 cmpaHe KOpUCHUKa
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Ha Cnuum 5.13 paTt je xujepapxujcku npukas jegHe of pennuvka cuctema akrepa.
Mpunukom Kpenpawa cucteMa aktepa, pasBoOjHO oKpyxewe Akka Kpeupa NoyeTHY CTPYKTYpy
aKkTepa Kojy ynHe:

e ,aKTep vyBap kopeHa“ (eHe. root guardian actor) koju Ha cnuuu nma o3Haky koce upTe; To
je jeAnHn akTep Koju Hema poauTerba U NpeacraBiba poauTesba CBMM APYrMM aktepmuma

LWTO 3Ha4u ga he nocnegtn GUTU NPEKNHYT,

e ,aKTep 4vyBap KopucHuka“ (eHe. user guardian actor) je poouTerb CBMX akTepa Koju cy

KpeupaHu o CTpaHe KOPUCHUKa pa3BojHOr okpyxewa Akka,

e ,aKkTep 4yyBap cuctema“ (eHe. system guardian actor) ocurypasa ga ce CUCTeM yracu rno
ogrosapajyhem nopeTky u CrnyXu 3a Haasop M ofpXaBare APYrMX CUCTEMCKUX akTepa

KOju cy MMNneMeHTUpaHn o cTpaHe camor pa3BOjHOT OKpyxeHsa [4].

CBu akTepun Koju Cy KpeumpaHu o CTpaHe KOPUCHMKA pa3BOjHOr OKpyxewa he outn
KpenpaHn kao geua aktepa dyBapa KopucHuka. Ha Cnuum 5.13 cy npukasaHu KOPUCHUYKM
nedurHNCaHn akTepu Koju NpeacTaBsbajy BpX Xvjepapxuje 1 Yvja je OCHOBHa HameHa ga npumajy
nopyke og .NET Web API cnoja, Bpwe ogrosapajyha npouecuparwa 1 warby nopyke geum
akTepuMma Ha garby obpaay.CBaku 04 OBMX akTepa npeAacTaBrba ynas y nocebaH cepuc cuctema
1 CBaku je umnnemMmeTupaH kopuwherem pyTepa Koju Cy CBECHU KrnacTepa CUCTEMa akTepa u Koju
TpaHcnapeHTo npaee oaroBapajyhu 6poj MHCTaHUM TOr akTepa Ha CBakoM YBOpPY rpyne u warby
NMopyKe WHCTaHUM y 3aBUCHOCTM 0, HeHe onTepeheHocTu.
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5.3.1 Xvjepapxujckm npukas apxmTekType cepBuca 3a aytopusaumjy u
ayTeHTumKaumjy KOpucHuka

floginianager

T~

Iregistration flogout fauthentication Inotification
/,..--' . //.--- i e g /___.—--‘ "-m,‘\ T _'--.._\\
4 N N pe ) 4 ) 4 \
\ 5 Y F AY ! \\.
| Iregistration \ (f e = | ey \ | \
{ Validation IregistrationStorage | Validation

| ftokenGeneration | fuserRetriever |

Cnuka 5.14 Xujepapxuja akmepa Koju ydecmsyjy y npouecy aymopu3ayuje u aymeHmugukayuje KopucHuUKa

Ha Cnuun 5.14 paTt je xujepaxumjckM npukas akrepa Koju y4ecTByjy y ayTopusaumjy u
ayTeHTMdMKaUmMju KOPUCHNKA cucTtemMa oHnajH 6aHkapcTtBa BANKX22. Ha Bpxy xujepapxuje ce
Hanasu akTep Koju je MeHallep npujasrbyBarba, perMcTpoBama 1 ofjaBromeama KopucHuka. OH
npvMa nopyke O pasnuuuUTMX akuuja KoHTponepa crneuujanns3oBaHor 3a ayTeHTuduKauujy u
ayTopusaumujy 1y 3aBMCHOCTU O Tuna nopyke nokpehe ogrosapajyhu npouec Tako LTo warbe
nopyky HeKOM of Aeue aktepa. Bugumo ga je xvjepapxuja npojektoBaHa Tako Aa 3a4oBorbasa
O6pasauy jegHocTaBHe koMnoHeHTe U O6pasal jesrpa rpeluke. CrnoXeHu npoLec ce Ha CBakoMm
HMBOY ynpowhasa, a 4a ce Npu ToMe BaXkHa CTakba YyBajy Y aktepy 6rnvxe KopeHy, Tako Ja CBaku
aKTep paau TayHo jeAaH nocao y NoTnyHoCcTW. Tako Ha npuMmepy pernctpauumje noctoju nocebax
akTep Koju ce 6aBun ogpehumBarweM yrnora koje he KOPUCHUUM UMaTh y cuctemy, aktep koju he
xewmpaTtu wudpe kako 6u ce kao TakBe YyBane y 6a3n pagu CUrypHoCcTu 1 akTep 4uja je ynora
[a CBe nogaTke Nnpu permcTpoBary ycnewHo cavyea y 6a3n. Takohe noctoju nocebaH aktep koju
he ce 6aBMTM NpPoOBEPOM MCMPaABHOCTWU NofdaTtaka, OOK HeroB poauTerb BPLUM CUHXPOHU3aunjy
n3mefly notpebHux onepauuvja. CnuyHa Xxwujepaxuja je YycCncTaBrbeHa NPUIMKOM Mpujase
KOPUCHWKa rae ce npouec npujaBrbuBara genn Ha jeqHOCTaBHUje onepauuje 1 CBakoj onepaumjn
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ce gogerbyje nocebaH aktep. Tako Aa nocToju nocebaH akTep 3a Banuaauujy ayTeHTudunkaumje,
aKTep 3a reHepucare KOPUCHUYKOT TOKEHA M akTep 3a YnTake KOPUCHUYKUX MHdopMaLmja us
base. lNpouec ogjaBe KOPUCHUKA je jeQHOCTaBHa onepauuja Koja 3axTeBa jeqHor aktepa koju he
YKIOHWUTU ogpeheHe nogaTke u3 6ase.

5.3.2 Xnjepapxunjcku npukas apxutektype cepsuca 3a obpaay padyHa

faccount
fluserldRetriever faccountStorage
‘-._,_‘___‘___‘_-—-_.___.___,_,../ ‘-..,_‘___‘___‘_-—-_.___.___,_,_./
_ . OnlineBanking
CnlineBankingDB AccountDB
‘—‘..___\___\_\—'_'__'_'__,_/ ‘—‘..___\___\_\—'_'__'_'_‘__/

Cniuka 5.15 Xujepaxujcku npuka3 apxumekmype cepguca 3a 0obujarbe padyHa KOPUCHUKa

JefjaH o OCHOBHMX CepBUCa KOjU Ce KOPUCTU 3a pasHe ornepauunje cumctema je cepBuc
obpage payyHa (Cnuum 5.15 Xujepaxumjckm npukas apxmtekType cepsuca 3a gobujawe pavyHa
kopucHuka). KoHtoprniep cnoja .NET Web API warse nopyKy akTepy padvyHa kako 61 gobuo cee
payyHe Koju cy A4OCTYMHM NpujaBibEHOM KOpPUCHUMKY. [1a 6u pavyHu mornu ga 6yay npoyntaHmn us
6ase padyHa noTpebaH je ngeHTnrkaunoHn 6poj KOpUCHMKa. AKTEP padyHa Tako Larbe NopyKy
akTepy Koju je 3adyXeH Ja Ha OCHOBY TOKEHa npujaBe AOCTaBu MAeHTMdUKaAUMOH ©Opoj
kopucHuka. Mo pobujawy uaeHTUdMKauMoHor Gpoja, akTep padvyHa Larbe Mopyky akTtepy
CKraguwTy padyHa Koju goxeaTta padyyHe u3 6ase u warbe nopyky ca padyyHuma KoHTponepy. Y
KOMyHMKaLMju akTepa kopuwheHu cy obpacuu camocTtanHe nopyke u obpacum Toka Hanpen
(onucann y nornaerby 3.6 O6pacumn kKoOMyHuKauuje).
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5.3.3 Xunjepapxunjcku npmkas apxuTektype cepsuca 3a obpaay TpaHcakumja

fransaction

/\

fuseridRetriever ftransactionStorage

"-.._____‘_‘_________._._____../ "-.._____‘_‘_________._._____../

OnlineBanking

OnlineBankingDB TransactionDB

‘\-u.,________—.____.___,r/ \.._______‘—.____.___,r/

Cnuka 5.16 Xujepapxujcku npuka3 apxumekmype cepauca 3a 0bpady mpaHcakyuja

CepBuc 4nja apxuTekTypa je 4oCTa CriMyHa cepsucy obpage padvyHa je cepsuc obpage
TpaHcakumja (Cnuka 5.16 Xnjepapxumjckun npukas apxmTekType cepBuca 3a obpagy TpaHcakuumja).
Paanuka je Ta WTo y cepBucy obpaae TpaHcakLumja y4eCcTBYje akTep CKnaguiiTa TpaHcKkaumja koju
KOMyHUUMpa ca 6a3oM y Kojoj ce Hanase cBe obaBrbeHe TpaHcakuuje yHyTap cuctema. [la 6u
aKTep Npo4YMTao TpaHcaKuuje 1 NoCcrao nx KOHTopnepy notpedaH my je naeHTudmkaumoHm 6poj
KOPUCHUKA KOju npey3uMma O akTepa Koju ux 4ymTta m3 6ase KopucHuka oHnajH GaHkapcTeBa
BANKX22.

5.3.4 ApxutekTypa cepsuca 3a npebauyvBare cpeCcTBa U3 jeHe BanyTe y
Apyry

CepBuc 3a gobujarme BanyTa Cce KOpUCTU MpuUiMkoM obaBrbarwa nnahawa, y3Mmarba
nosajmuue, Kao 1 NPUIMKOM TpaHcakuuje pasameHe. Xnjepapxujcku npukas apxmTekType cepsuca
3a gobujare BanyTa ce Moxe BuaeTu Ha Cnuum 5.17 3a cBakor KOpMCHUKaA nocToju ogpehex
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CKyn BanyTa Koju My CTOje Ha pacrnonaramwy y 3aBUCHOCTW 0, padyHa Koje nocepgyje, yrore Koja
MY je Oo4eSbeHa Yy CMCTeMY U NpuBUnervja Koje nva.

fcurrencies

/\

fuserdRetricver fcumrenciesStorage

\q\"'-—._______,_.—-""’-’ \q\"'-—._._____,_.—-""’”

OnlineBanking

OnlineBankingDB CurrencyDB

_ - -

Cnuka 5.17 Xujepapxujcku npuka3 dobujarba 8anyma 3a o0zoeapajyhee KopucHuUKa

5.3.5 ApxuTekTypa cepBuca 3a npebauyBare cpeacTsa U3 jeaHe Banyte y
Apyry

Mpunukom obaBrbaka onepauuja koje cagpxe npebaumBare CpeacTsa U3 jegHe BanyTte
y OpYyry KOpWUCHWK je y obaBe3n ga nnatu ogpeheHy nposusujy. 3a oapehuBame nposusnje
KOpuUcTu ce cepBuc 3a gobujare nposusvje (Cnuka 5.18 Xujepapxujckm npukas apxXuTtektType
cepBuca 3a obpagy npoBsu3uvja). JegaH oh ycrioBa BMCUHE MPOBM3MjEe 3aBUCKM Of Tora Koje
npuBunernje KOpucHWK mma. 3aTo je npBWM KOpak Tor cepsuca pobujawe unaeHtTudurkauumje
KopucHuka. [oToM ce warbe nopyka akTepy 3a CKrnaguTeHne NpoBM3vja ga gobuje npoBusnjy
KOHBep3uje 13 jegHe BanyTe y Apyry Koje ce warby y cactaBy nopyke. 3agartak OBoOr aktepa je aa
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pobuje npoBusmje og nocebHor akTtepa koju ce GaBu [oOujakbem MpoBu3Mja 3a pasMeHy
oaroBapajyhux BanyTa Ha gaH crnaka 3axTeBa, NoTOM Ada pesynTtaTr npoBu3unje cadysa y 6asy
BanyTa v ia BpaTu pe3ynTtaT KOHTPOsepy Koju je nocnao 3axTes.

AKTep 3a gobujarne NpoBM3Mje KOMYHULMPA ca EKCTEPHMUM cucTeMoM (eHe. alphavantage)
Koju nocenyje nHgopmauuje o ogHoCcy pasMmeHe BanyTta Ha ogpenenn aaTtym [20]. MNMowTo ce paan
O ekcTepHoMm cepBucy uckopuwheH je O6pasay npekupad Kona kako 6u ce y cnyyajy
HeJOCTYMNHOCTU cepBuca cnpeyvnno 6ecnoTpebHo Yekawe Ha OAroBOp Tako LUTO KOMO npenasu y
OTBOPEHO CTake N ogMax Larbe Nopyky Aa CepBuC TPEHYTHO HWje JOCTynaH. YKONUKO ce Aecu
Ta cUTyaumja akTep 3a cKnaguwTere nposepasa Aa nv noctoju y 6asn kewmnpaHa nHpopmaumja
0 OZHOCY pa3MeHa BanyTa 1 YKONMKO NOCTOjM LWwarke Ty MHopMaunjy kao ogroeop. To je pasnor
3aLUTO Ce BPLUMO YyNUc nHogpmanmja o pa3meHn y 6asy HakoH ycnewHor gobuvjaka og eKcTepHor
cepsuca.
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Cniuka 5.18 Xujepapxujcku npuka3 apxumekmype cepsuca 3a obpady nposu3suja
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5.3.6 Xnjepaxujckm npukas apxmTtekType cepBuca 3a nnahamwe

./' “\. ,/”.-l -...\\\. ,/".-.. ..-.‘\\\ ./"l.. ....“\\
I' luserldRetriever 'I II faccountStorage 'I Ilnransaclbnstomgell IlrpaymentPerformerll
\ 4 N / N 4 N /

MIOkyLLA] DECATOBaME

TpEKMHI KOMO. MpekuHK Kono
alphavantage
SKCTEPHW CepBMC

Peceryj npexigay

Mpekugad kona

Crniuka 5.19 Xujepapxucku npuka3 apxumekmype cepsuca 3a rnnahare

ApxutekTypa cepsuca 3a nnahamwe ce moxe Bnaetm Ha Cnvum 5.19. lMNocTtoje aBa onwTa
cny4aja kako ce oaBuja Tok nrahaksa. YKonuko ce nnahake BpLUK ca padyHa Ha payvyH Koju nmajy
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pasnuuuTe BanyTe OHAa Yy Npouecy ce KOpUCTU U cepBuC 3a fobujawe nposusnja. YKONUKO TO
HWje cry4yaj TOK ogBujara nnahawa je jeqHOCTaBHUjN.

Kao n ycBakom npeTxogHOM cepBuCYy MpBO je noTpebHo [obutn uaeHTudukaumjy
KopucHuka. AkTep nnahaka NoToM Larbe NOpyKy akTepy Koju je cknaguwTe padyHa, ga nobuje
payyH ca kora ce BplM nnahakwe, Kao U padyyH Ha KOMe ce BpLUM ynraTa YKOnvKo npunaga
cuctemy oHnajH 6aHkapctBa BANKX22. CpeacTsa ce ckuaajy ca npBor padyHa YKOMNMKo Ux nma
JOBOSBLHO Ha CTaky M AoAajy ce Ha padyH ynnarte. MIHdopmaumje 0 U3BpLUEHO] TpaHCaKUnju ce
Warby aktepy cknaguwTy TpaHcakuuja kako 6u morao ga Ty TpaHcakuujy 3asege. [Nopyka ce
Wwarbe U HOTUMUKALMOHOM CepBUCY Kako 61 06aBeCcTMO KOpUCHWMKa NyTeM HoTudurkauuje o
ycnewHom nnahawy. Behn 6poj aktepa ydecTsyje y cepBucy nnahatwa.

lMocToje MHOrM cny4yajeBu y Kojuma mMoxe aohu o HeMOryhHOCTU n3BpLlaBara nnahawa
Kao LTO Cy HeJOBOSbHO CTake Ha padyHy ca Kora ce BpLM ynnata Uin HeaoCTYyNMHOCT HEKOT 0
cepBuca Koje kopuctu cepeuc nnahawa. 36or Tora je notpebHa p[obpa koopauHauuja
KOMYyHWKaLmje akTepa Kao M ocurypasake aTOMWYHOCTW TpaHCakuuje y CepBUCY Koju je
anctpmbyupaH. Kako 6ucmo 10 nocturnm uckopuwhet je cara obpasau (3a Buwe nHdopmauuja
nornenatun 3.7 O6pacLm KOHTpore Toka) NPUINKOM NpojekToBaHka OBOI CepBUca.

5.3.7 Xvjepapxujckn npukas apxmTekType cepBuca 3a nosajMmuue

Cepsuc 3a nosajmuue ce 6aBu npoLecuparbem HOBMX MO3ajMuLa of CTpaHe KOPUCHUKA
Kao n obpagom mcrtopuje cBux nosajmuua. lNpukas apxuTekType aktepa Koju Cy KOMMOHEHTe
cepBuca nosajmuue ce Moxe BuaeTv Ha Crnivum 5.20.

/loan

- N

luserldRetriever faccountStorage ftransactionstorage /notification

Cniuka 5.20 Xujepapxujcku npuka3 apxumeKkmype akmepa Koja je npuMeH-eHa y cepsaucy nosajmuuye

Y 3aBUCHOCTM Jda Nu ce npouecupa HoBa No3ajMuua UM ce BpLUXM ULIYMTaBaHke
nocrojehux, aktep nosajmuue npenasmu y ogroeapajyhe cramwe. NotpebHo je Hajnpe ga ce nobuje
naeHTUduKaunoHn Gpoj KOpUCHUKA Na U y OBOM CEPBUCY YYECHUK je akTep 3a pobujame
naeHTudukaumnje. AKTep CkragviiTa TpaHcakumja ce Kopuctu ga b1ucmo ynmcanu HoBy nosajMuua

47



y BuAy TpaHcakuuje, OOHOCHO ga OMCMO npounTanu cBe TpaHCakuuvje Koje NpeacTaBrbajy
nucTtopuvjy nosajMuue. AKTep CKnaguwiTa padyHa ce KOpUCTM Kako Gucmo pgobunun padvyHe
KOpuUCHUKa Ha koMe he Gutn ynnaheHa nosajMuua, O4HOCHO ca Kor padyHa he 6uTtn ckugaHa
MeceyHa parta. Kaga ce HoBa nosajmuua obpagu, HoTudukaumnja he 61MTKM nocnaTta KOPCHUKY na
ce 13 TOr pasrnora KOpUCTU U HOTUUKALIMOHN CEPBUC.

5.3.8 Xunjepapxunjcku npukas apxmTekType npousiHor cepsuca

MpodunHn cepBuC ce kopuctu 3a gobujarbe U axypupame nogaraka Koju ce Tudy
KOpUCHUKa. 3a npojekToBare cepBuca npodmna A0BOMbaH je akTep cknaguwTa npodumna koju
KOMyHMUMpa ca 6a3om oOHNnajH GaHkapcTBa kako ©u [O6GMO wunu axypupao MHgopmauumje
oapeheHor kopucHuka (Cnuka 5.21 Apxutektypa cepsuca npodpuna)

iprofileStorage

OnlineBankingDB

‘*-u-._,______—_____,_r-’

Cnuka 5.21 Apxumekmypa cepeguca npoguna
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5.3.9 Xvjepaxujckm Npukas apxuTekType cepsuca 3a nomoh

fhelp

\,_______‘____—____'___.____,,-'

OnlineBanking
HelpDB

‘-—-.____‘_\___-—._____ﬂ_.-/

Cnuka 5.22 Apxumekmypa cepsuca 3a 0obujar-e nomohu

Cepsuc 3a gobujame nHpopmauuja o umejny unm 6pojy TenedoHa nomohy Kojux ce Moxe
KOHTaKTMpaTu cepBucep 3a caBeT unmn nomoh 3axTeBa jeAHOr akTepa Koju BpLUM KOMYHUKaLMjy ca
nocedbHom 6a3om kako 6u gobno 3axTeBaHe nHdopmauuje (Cnnka 5.22 ApxuTtekTypa cepsuca 3a
pobujare nomohn).

49



5.3.10 Xnjepapxumjckun npukas apxmTekType cepsuca 3a HoTudmkaumje

InotificationStorage |

‘-«-._________________,,.-—’

fuserldRetriever

OnlineBanking
MotificationDB

‘--.,__‘______________,_,.‘—’

fuserldRetriever
Clhient 1

_— «———  /notification
. ignal |

Client 2 notification hub e 4
\"‘--._______________..--'/

Client n

OnlineBanking
MotificationDB

‘--..,__‘______________,_,...-’

Cnuka 5.23 Apxumekmypa cepguca Homucgukayuja

HoTudmkaumMoHn cepBrC ce KOPUCTU 3a Cnakbe pasHuX HoTUdMKaumnja KOPUCHUKY U TO je
jednHN cepBUC KOjU MHMUMPA KOMYHUKaLMjy ca KOpUCHUUUMA, a Ja My Huje ynyheH 3axTeB ca
KnujeHtcke ctpaHe. Kako ©mcmo oBo omoryhunu kopuctumo 6ubnmoteky Sigan/R koja
npeactasrba oapeheHy BpcTy xaba u koja nma yrpaheHe MexaHname ABOCMepHe KOMyHuKauumje
nomohy Kojux waree nHgpopmauuje KOPUCHUKY y peanHom BpemMeHy 6e3 npeTxogHe notpebe 3a
3axTeBakbeM TUX WHopmaumja of cTpaHe knmjeHTa (Cnuka 5.23 ApxuTekTypa cepsuca
HoTudukaumja) [21][22]. CepBuc nma moryhHOCT Aa warbe HoTudumkaumje kako ogpeheHom
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KOPUCHUKY TaKo 1 CBUM KOPCHULMMA UMW HEKOj FPYNnin KOPUCHMKA (Ha Npumep, KOPUCHULMMA Koju
umajy ogpeheHe ynore y cuctemy). Hotudukauuje ce vyBajy y 6a3mn HoTudmkaumja.

Y peakTuBHUM AUCTPUOYMpaHUM CUCTEMMMA CBakuU CEPBUC Mopa MmaTtu MoryhHocT ga
Oyne pasBujaH, UCMOPYYEH M CKanuMpaH He3aBWUCHO. [1a GBUCMO TO NOCTUIMM 3a CBaKuU CEPBUC je
KopuwheHa HesaBucHa ©asa nogartaka, O4HOCHO kopuwheH je mpucTyn 6asa nogartaka no
cepsucy [23]. Ha Taj HaumMH cBakn cepBUC MOXeE Aa KOpUCTU Tun 6ase Koju My HajBuLLEe ogroBapa
n omoryhasa fa cepsucu He Byay TECHO CNpErHyTy.

6 VmnnemeHTauwuja annukaumje

Y oBoM nornaerby he 6UTU npuKasaHM W OMUCaAHW HEKU Of 3aHUMIbMBUX AeTarba
nMnnemMeHTaumje cepmca oHnajH 6aHkapckor cuctema BANKX22.

6.1 imnnemeHTauuja aytopusaumje n ayteHtndukauyuje
KOPUCHMKa

Kaga KopuCHMK »enu aa usspLuv nNpujaBrbnBake UNN permcTpoBakwe Ha cMCTeM, Hajnpe
je noTpebHO aa yHece CBe HEOMXOAHE NnogaTke koje My npukasyje Login koMnoHeHTa. [MpuTruckom
Ha gyrme ,[loTpepan” nosmea ce dyHkumnja handleSubmitClick xoja je permctopeaHa ga ce
NnoKpeHe Kaga ce gecu gorahaj nputucka Mulla Ha NomMeHyTo ayrme. 3agatak oBe dyyHkuLje je
Aa Yy 3aBMCHOCTW of Tora gda nn ce pagu o npujasn unu permcrtpaumju, obasectn 6nubnmoteky
Redux, wareyhun joj ogroBapajyhe nogatke, ga tpeba ga koHtaktupa AP/ cepBep u ga My
caonwTn ga je nokKywaj npujaBe/pernctpauvje y TOKy. 3a KOMyHuKauujy uamehny React
KOMMOHeHTe n 6nbnuoteke Redux kopuctu ce dyHkumja dispatch. MNowTo je y umnnemMeHTaumjn
kopuWheH (YHKLMOHAMHN MPUCTYN nucaka KOMMOHEHTU'® kako 6u dyHKkumja dispatch Guna
[AOCTYyNHa KOMMOHEHTU uckopuwheH je xyk' useDispatch. Dispatch kao aprymeHT npuma objekaT
Ha3BaH akuuja Koju ce moxe Oo06UTM M Kao pesynTaT (PyHKUMje Koja ce 30Be kpeaTop akuuje
(Buwe petarba y nornaerby 4.2 bubnuoteka Redux). Taj npucTyn je n NpUMereH y Koay UCMOA.
dyHkumja dispatch je no3BaHa ca akumjoMm kojy he BpaTuThM kpeaTop akumje auth Koju kKao
napameTtap npuma objekaT ca MejnoM 1 LWMAPOM YKONNKO ce paam O NpujaBu KOPUCHWUKA Unu ca
akuujom gobujeHom of kpeaTopa akumje signUp yKkonuko ce pagn o permctpaumj KOpUCHMKa.

3 Mpunukom Kopuihersa 6MGnnoTeke React KOMMNOHEHTE je Moryhe nucaTh kao KOMNoHeHTe 6asnpaHe Ha
dyHKLMjaMa 1 KOMNOHeHTe BasmpaHe Ha knacama. Y Bpeme nncaka OBOr paja npedepvpa ce nucame
KOMMOHeHTU Ba3npaHux Ha yHKUMjamMa y OAHOCY Ha KOHBEHLMOHAMHW MPUCTYN KOMMOHEHaTa 3aCHOBaHNX
Ha kracama. [lpegHOCTM Cy Kako Kpahn W KOHUM3HUjM KoL, Tako U CBe MNPedHOCTM Koje [OHOCU
hyHKLMOHANHM NpMCTYN NporpaMmpaa.

4 Xyk (eHr. Hook) — BykBanHu NpeBos 3Hauv yauua Unv Kyka anu je gocrta nonynapHuju aHrnuumsam na
he y HacTaBKy TekcTa BuUTK Tako 1 ocrioBrbaBaH. XyK je crneuujanHa Bpcta dyHKUuje Koja cagpXu Nornky
KOja je noTpebHa MHOMMM KOMMNOHeHTama.
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const handleSubmitClick = (infoObject, isSignUpPage) => {

if (!isSignUpPage) {
dispatch(
auth({ email: infoObject.email, password: infoObject.password })
)s
} else {
dispatch(signUp(infoObject));

Kopg 3a kpeatope akuuja auth n signUp ce moxe BngeTtun ncnog. dPyHkumja createAsyncThunk je
neo 6ubnuoteke Redux Toolkit (nornaembe 4.3 Redux-0B cKyn anaTta) Koja npyma Tun akuumje y
dopMu CTprHra n dyHKUKMjy ca noBpaTtHMM no3meom payloadCreator koja 6u Tpebana ga spatu
objekaT Promise's. PayloadCreator he reHepucatin Promise of »XWBOTHOI Beka TUMoBa akuuja
Koje cy 6a3snpaHe Ha npeduKcy TUna akuuje npocneheHor kao napameTap u Bpatuhe kpeatopa
akuuje thunk koju he m3BpWUTU PYHKLKM)y ca noBpaTHUM MNo3MBOM Promise-a n obasectuhe
akuuje XXMBOTHOr Beka Ha ocHoBy BpaheHor Promise-a [9]. PayloadCreator doyHkumMje auth nma
3ajaTak ga nowarbe nogaTke 3a npujaBy Login KOHTponepy Ha cepsepy. To paan Tako wTo he
NCKOPUCTUTM BMONMOTEKY axios, MOrofHy 3a Crnawe acUMHXPOHUX nosmBa ka HekoM API-jy, n
nossaTu keHy MeToay post ca npocneheHom URL agpecom n nogaumMma 3a npuvjasy. YKOMNKO
cepBep BpaTu MHGopMaLmje 0 yCneLwHoj NnpujaBn oHe ce npocnefyjy kao oaroBop, a nHadve ce
Bpaha onuc rpeLuke koja ce jasurna npu npujasn. ®PyHkumja createAsyncThunk Bpaha kpeatop
akuuje pegykca thunk. OBa yHKUMja he nmaTn CBOje KpeaTope akuuja 3a Criyvaj ako ce Hahe 'y
HepelleHoM (eHe. pending), ucnyweHoMm (eHa. fulfilled) wnn onbayeHom (eHe. rejected) cTamy
Koju he OMTM ucnarbMBaHW Kako thunk ©ype npenasno u3 crawa y crawe [9]. OHm cy
nckopuwheHu kako 6u Redux morao ga axypupa ogrosapajyhe ctawe annvkauuje n Ha Taj HauuH
jaBn React-y na je noTpebHO fa npuKaxke KOPUCHKKY HOBU Caapxaj.

export const auth = createAsyncThunk(

"login/auth",
async (data, { rejectWithvalue }) => {
try {
const response = await axios.post(
API_URL + ENDPOINT_PATHS.AUTHENTICATE,
data

'S Promise — Ha cpricku ce Moxe npeBecTn kao obeharse, NpeacTaBrba HeKy BPCTYy YyBapa 3a BpeAHOCT
KOja HMje no3HaTa y TpeHyTKy kaaa je Promise kpenpaH. OH npefcraBiba 00jekaT eBeHTyarHor 3aBpLueTka
(Kako ycneLHOr Tako M HeyCneLwHOr) acMHXPOHe onepauuje u keHe peadynTyjyhe BpegHoctu. KoHuenT je
BPMoO CnuyaH KoHUenTy 3a objekaT Future ca TOM pa3nukom Aa je Future kOHTejHep 3a pe3ynTaT Koju He
MOCTOjM U3 KOra ce MOXe caMo YMTaTu, OOK ce Y 06jekaTt Promise moxe BpWUTU 1 ynuc [24].
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)
return response.data;
} catch (err) {
const error = extractErrorsFromResponse(
err.response ? err.response.data : err
)

return rejectWithValue(error);

}
);

export const signUp = createAsyncThunk(
"login/signUp",
async (data, { rejectWithvalue }) => {
try {
const response = await axios.post(
API_URL + ENDPOINT_PATHS.REGISTER,
data
)
return response.data;
} catch (err) {
const error = extractErrorsFromResponse(
err.response ? err.response.data : err
)

return rejectWithValue(error);

}
)s

export const loginSlice = createSlice({
name: "login",
initialState,
extraReducers: {
[auth.pending]: (state, action) => {
state.status = FETCH_DATA_STATUS.LOADING;
i)
[auth.fulfilled]: (state, action) => {
if (action.payload?.errorMessage) {
state.status = FETCH_DATA_STATUS.FAILED;
state.error = action.payload.errorMessage;
} else {
state.status = FETCH_DATA_STATUS.SUCEEDED;
state.token = action.payload.userToken;

¥



[auth.rejected]: (state, action) => {
state.status = FETCH_DATA_STATUS.FAILED;
if (action.payload) {
if (typeof action.payload === "string") {
state.error = action.payload;
} else if (action.payload.errorMessage)
state.error = action.payload.errorMessage;
else {
state.error = "ErrorOccurred";
}
} else {
if (action.error) {
if (action.error.message) state.error = action.error.message;

else if (typeof action.error === "string") state.error = action.error;
else {
state.error = "ErrorOccurred";
}
} else {
state.error = "ErrorOccurred";
¥

}
s
[signUp.pending]: (state) => {
state.registrationStatus = FETCH_DATA_STATUS.LOADING;
s
[signUp.fulfilled]: (state, action) => {
if (action.payload.isSuccess) {
state.registrationStatus = FETCH_DATA_STATUS.SUCEEDED;
} else if (action.payload?.errorMessage) {
state.registrationStatus = FETCH_DATA_STATUS.FAILED;
state.error = action.payload.errorMessage;
} else {
state.registrationStatus = FETCH_DATA_STATUS.FAILED;
}
s
[signUp.rejected]: (state, action) => {
state.registrationStatus = FETCH_DATA_STATUS.FAILED;
if (action.payload) {
if (typeof action.payload === "string") {
state.error = action.payload;
} else if (action.payload.errorMessage)
state.error = action.payload.errorMessage;
else {
state.error = "ErrorOccurred";



} else {
if (action.error) {

if (action.error.message) state.error = action.error.message;
else if (typeof action.error === "string") state.error = action.error;
else {
state.error = "ErrorOccurred”;
}
} else {
state.error = "ErrorOccurred";

Kon 3a peructpaumjy je roToBO uaeHTM4yaH ca TOM pasnuvkoM ga he payloadCreator
dyHkumje signUp reHepucatn Promise o4 XWBOTHOr Beka TUMNOBa akuuja Koje cy 6asupaHe Ha
npecdukecy signUp n nocnahe nidopmaumje 3a permctopearbe Login KOHTponepy.

MmnnemeHTaumnja Login koHTOpnepa je npukasaHa kogom wucnod. KoHTopnep je
AekopucaH ca gBa atpubyTta. ApiPrefixRoute je KOpUcHUYKM geduHncaH aTpubyT Koju cagpxu
wabnoH notnuca KoHTponepa (wabnoH wuarnena “api/[controller]” rpe ce cBe y yrnactum
3arpagama Mer-a ca UMEHOM KOHTporiepa, WTo 3Haun “apiflogin”). EnableCors je aTpubyT kojum
ce [03BOSfbaBa [a Ce KOHTpomnepy MpucTyna ca pasnuyutor JoOMeHa of JOMeHa Ha Kome je
nouupaH koHTponep [5]. Ceu nomohHu cepBucu nonyt _logger, _loginManagerActor,
_loginincrementor ce pobwjajy NpMMEHOM MpuUHUMNA yMmeTawa 3aBUCHOCTU MNPUIMKOM
WMHCTaHUMpaka caMor KoHTponepa. Taga ce y KOHCTPYKTOPY OHU Mory Aobutn ns KoHTejHepa
WHBEpP3HE KOHTpone. [la 6u ce HawnM y KOHTejHepy noTpebHo je ga Oygy perncTpoBaHMw.
Peructpauuvja he 6utn npukasaHa kacHuje kaga ce Oyae onucmBana KoHdurypauuja cepsuca
.NET Web API cnoja. KoHTponep uma nmnnemeHTupaHe ase akuuje Authenticate n Register koje
he 6uTn NosBaHe of cTpaHe Redux-a Ha KNWjeHTCKOj cTpaHu kaga 6yade nocnat ogrosapajyhu
HTTP 3axTeB.

[ApiPrefixRoute]
[EnableCors("AllowOrigin")]
public class LoginController : ControllerBase

{

private readonly ILoggerManager _logger;

private readonly IActorRef _loginManagerActor;

private readonly IIncrement _loginIncrementor;

public LoginController(ILoggerManager logger, LoginManagerActorProvider
loginManagerActorProvider, IIncrement incrementor)

{
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_logger = logger;
_loginManagerActor = loginManagerActorProvider();
_loginIncrementor = incrementor;

}

[HttpPost("auth/")]
public async Task<IActionResult>
Authenticate([FromBody] AuthenticationData authData)

{
var result = await _loginManagerActor.Ask(
new Authenticate(_loginIncrementor.Increment(nameof(Authenticate)),
authData.Email, authData.Password));
return Ok(result);
}

[HttpPost("signUp/")]
[HttpPost("register/")]
public async Task<IActionResult>
Register([FromBody] RegistrationData registrationData)

{

var registerDataMessage =
new Register(_loginIncrementor.Increment(nameof(Register)),
registrationData.Email, registrationData.Password,
registrationData.ConfirmPassword, registrationData.BankId,
registrationData.Mobile,registrationData.UserName,
registrationData.Address, registrationData.HomePhone);

var result = await _loginManagerActor.Ask(registerDataMessage);

return Ok(result);

Akumje pobwujajy nopaTke Kao aprymeHTe Koju cy Beh npownu oapeheHy nposepy
NCNPaBHOCTU O Pa3BOjHOr OKpyXew,a cTpaHe. [NpoBepa MCNpaBHOCTU Ce BPLUM TaKO LUTO Ce
TMNOBM aprymeHaTa (y kopy wusHag AuthenticationData wn RegistrationData) pexkopuvwy ca
aTpnbyTma BanuaaTopMmMma v NpunvkoM npuxeBaTaka 3axTeBa, pas3BojHO okpyxewe .NET Web
API npoBepaBa fa nv nogaTak 3a0BoSbaBa CBe YCIloBe NOCTaBibeHE Of CTpaHe BanuaaTopa.
AKO je TO cnyyaj kpeupa ce nopyka koja he 6utm nocnata _loginManagerActor aktepy
kKopuwherwemM ynutHor obpacua. Nopyka y cnydajy npujaBe je Authenticate pok je y cnyuvajy
pernctpoBawa Register. CBaka nopyka mma jeOUHCTBEHU maeHTudumkaTop koju ce ogpehyje
nosneom meTofde Increment koja je peo _loginincrementator cepsuca. WoeHtudukaTop je
KopucCTaH y cnydajy ga peuvumo aohe o pectapToBaka aktepa. Taga Ha OCHOBY h-era aktep
MOXe rakwe Aa nospaTu npehallke cTake Unm ako je notpebHa ga ce M3BpLUM Heka BpcTa
KoopAuHauuje pasHux onepauuja y pasnmuntum akrepuma [4]. 36or ynotpebe ynutHor obpacua
Koju Bpaha objekat OygyhHocTu, koHTponep he pesyntaT kaga Oyde cnpemaH ynucatu y
NPOMEHIBLUBY pe3ynTaT U kY BpaTUTK Kao OAroBoOp Ha 3axTes [22].

Mopyka koja je nocnata akTtepy _loginManagerActor he 6utn npuxeaheHa og cTpaHe
meTtoge OnReceive aktepa, Koja je HacneheHa metoaa 6asHe knace BaseUntypedActor v kojy
CBaKy KOPUCHWUYKM AeMHUCaHN akTep Mopa Aa Hacrneam kako 6 morao ga vma cBa CBOjCTBa
Koja ce ouekyjy og aktepa. Kog OnReceive metofe je npukasaH ucrnod. Metoa kao napameTap
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npvMa rnopyky Koja uma tun object. Kako je 0BO TUM Koju je poauTerb CBMM OCTanvMm TUNoBumMa y
.NET cBeTy TO 3Hauu ga 0OBaj METOA MOXe NpUMUTK BMNo Koju TN Nog YCrNOBOM [a Ce M3BPLUn
KacToBare€ Y Hera npunmkom kopuwhema.

Y Koy MOXeMO BMAETW Aa Nopyka Nporiasn Kpo3 MexaHnsam Switch KOHCTpyKUuje 1 ako
je HeKor o HaBedeHOr TUNa y case YCNoBY KOHBEPTYje ce Yy Taj TUM U arbe Jarbe HEKOM akTepy
Ha o6paay nnu ce Bpaha KOHTponepy oA Kora je cTurao NnpBobUTHM 3axTeB. Ha npumep yKonumko
CTUrHE NMopyka 3a npujaBy kopucHuka (eHa. Authenticate) Hajnpe he KOHTponep Koju je nocnao
nopyKky 61UTK cadyBaH y peyHuK, kKako 6u ogrosop morao ga My 6yae BpaheH, a noToM ce rnopyka
lwarbe akTepy ayTeHTUdUKauuje Koju je MHCTaHuupaH kao aete _loginManagerActor aktepa.
lMopyka he ce Hahu y caHayyeTy akTepa ayTeHTUduKaumje koju Takohe uma nMmnremMmeHTnpaH
meTtoq OnReceive n Kaga Ta nopyka CTurHe Ha pen ga 6yae obpaheHa meTtopn je npuxeaTa.

MowTo je NoTpebHO HEKONUKO onepauunja aa ce ogpagu npe Hero WTo akTep 4O3BONMU
npuvjaey, OH MHCTaHUMpa akTepe Banvaauuvje, reHepucarma KOPUCHUYKOT TOKEHA N akTepa Koju
KOMyHuMUMpa ca 6a3om nogataka KOpUCHMKa kako 6u cBaku o6GaBuno oarosapajyhy onepauujy.
Kaga cy nogauun npowunuv Banugauujy 1 HakoH LUTO je TOKeH U3reHepucaH, AoxesaTajy ce nogaum
KOpUCHUKA U Wwarby ce Hasag aktepy _JloginManagerActor koju ux Bpaha koHTponepy. 3a
KOMyHuKaumjy namehy aktepa kopuctu ce metog Tell koju ce jow u 3oBe ,Mcnanu n 3abopasu”
3aTO LUTO HAKOH cnakba Nopyke He Yeka OAroBop Kao LUTO je TO cny4yaj kog ynuTHor obpacua (3.6
O6pacum komyHukaumje) Beh Moxe ga nowarbe n pedepeHuy nowurbaoua nopyke, na kag
npumanay ©Oyge cnpemaH ga ogrosopu nosvBa meton Tell gedumHucaH Ha pedbepeHumn
nowwureaoua [1]. OBakBUM NPMCTYNOM He Aonasm OO 3acToja yHyTap aktepa.

protected override void OnReceive(object message)

{

switch (message)

{

case Register reg:
logger.Info($"{ActorName},message received:
{reg}");
controllers.TryAdd("Register" +
reg.RequestId.ToString(),
Sender);
registrationActor.Tell(reg, Self);
break;
case UserSaved us:
logger.Info($"{ActorName},message received:
{us}");
var registerControllerRef =
controllers["Register" +
us.RequestId.ToString()];
registerControllerRef.Tell(us, Self);
controllers.TryRemove("Register" +
us.RequestId.ToString(), out _);
break;
case CanNotRegister cantReg:
logger.Info($"{ActorName},message
received:{cantReg}");
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registerControllerRef = controllers["Register" +
cantReg.RequestId.ToString()];
registerControllerRef.Tell(cantReg, Self);
controllers.TryRemove("Register" +
cantReg.RequestId.ToString(), out _);
break;
case Authenticate auth:
logger.Info($"{ActorName},message received:
{auth}");
controllers.TryAdd("Authenticate" +
auth.RequestId.ToString(), Sender);
authenticationActor.Tell(auth, Self);
break;
case UserFetched userFetched:
logger.Info($"{ActorName},message received:
{userFetched}");
registerControllerRef =
controllers[$"Authenticate{userFetched.RequestId}"];
registerControllerRef.Tell(new
Authenticated(userFetched.RequestId,
userFetched.Token), Self);
controllers.TryRemove($"Authenticate
{userFetched.RequestId}", out _);
notificationActor.Tell(new
SendSavedNotifications(
userFetched.RequestId,
userFetched.UserId), Self);
break;
case TokenGenerationFailed genFailed:
logger.Info($"{ActorName},message received:
{genFailed}");
registerControllerRef =
controllers[$"Authenticate{genFailed.RequestId}"];
registerControllerRef.Tell(genFailed, Self);
controllers.TryRemove($"Authenticate{genFailed.RequestId}",
out );
break;
case FetchUserFailed fetchUserFailed:
logger.Info($"{ActorName},message received:
{fetchUserFailed}");
registerControllerRef =
controllers|
$"Authenticate{fetchUserFailed.RequestId}"];
registerControllerRef.Tell(fetchUserFailed,
Self);
controllers.TryRemove(
$"Authenticate{fetchUserFailed.RequestId}", out
_)s
break;
case AuthenticationFailed authFailed:
logger.Info($"{ActorName},message received:
{authFailed}");
registerControllerRef =
controllers[$"Authenticate{authFailed.RequestId}"];
registerControllerRef.Tell(authFailed, Self);
controllers.TryRemove(
$"Authenticate{authFailed.RequestId}", out _);
break;
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6.2 mnnemeHTtauuja koHurypaumja .NET Web API cnoja u
cucTema akrepa

Mo nokpeTawy cepBepcke annukaumje Hajnpe ce nokpehe .NET Web API annukauuja
(4.5.Net Web API nutepdejc 3a nporpamupare annukauuja). Y woj ce kpenpa HostBuilder koju
npeactaerba Heky Bpcty ckene .NET Web APl annukauuje. HostBuilder ce npn nokpetakwy
KOH(pMrpyuiLle Tako WTO MYy ce Larbe cneumjanHa Knaca koja ce 3ose Startup n umnnemeHTupa
uenokynHy koHdwurypaunjy .NET Web APl annukauuje. HbeHa nmnnemeHTauuja je npukasaHa
ucnog. Knaca uma gee metoge koje he 6utn nossaHe of CTpaHe pa3BOjHOr OKPYXXeHa MPUINKOM
nokpetawa .NET Web API annukauuje.

Mpea meToga ce 3oBe ConfigureService n kao NnapameTap nocenyje Konekuujy cepeuca
KOju je KOHTejHep WHBEp3HE KOHTporne. Y KOHTejHep ce meTogjama Add* nopajy cBu cepBucH
HeonxoaHu 3a pag annukauuje [5]. Y npeTxoaHoM nornasiby CMO BUOENN NPUMEP KaKo Ce HEKM
O4 OBWUX cepBMCa MoOry Kopuctutn y Login koHTponepy. KOHCTPYKTOpYy KOHTponepa ce Kao
napameTap npocrnean uHTepdejc koju umnnemeHTupa taj cepsuc. Npunmkom msepLuaBara Tor
KOHCTPYKTOpa y NoSbe Knace Koje mma ogrosapajyhu tmn uHtepdejca ce MsBpmM gogena Tor
cepBuca Tako da je OoCTynaH CBUM MeTofama Knace. Y Koy BUaMmo Aa ce y KOHTejHep goaajy
CepBUC 3a foroBawe, CEepBUC 3a MHKPEMEHTMpawe MNOopyKa, KOHTEKCTM cBuX 6asa koje
annvkauuja Kopuctu u kuxoBe KoHdurypauuje, SignalR xab 3a HoTudukaumje, ABE pensiuke
CUCTEMa aKTepa Kao YBOPOBW KnacTepu cuctema akrepa, CepBUC 3a JoJaBame akTepa Koju
KOMYHMLMpPajy ca KOHTporiepMMa 1 CepBuC 3a Nnoroeake yrpaheHe Banugaumje 3axtesa. [open
OBUX CepBuUca Jogatu cy u cepuck koju omoryhaajy kopuwhewe CORS nonutuke, KOHTponepe
kao n bubnmoteky SignalR.

Opyrn meTtoq koju mmnnemeHutpa knaca Startup je metog Configure Koju BpLUN HEke
WHVUMjanHe onepauuje annukaumje Kao 1 KoHurypcame naHua nocpegHvka Kpos Koju mopa ga
npohe HTTP 3axTeB npe Hero wto aohe Ao akuuje Hekor koHTponepa. Cepeuc lifetime, koju je
jedaH of napameTapa MeToAa, Ce KOPUCTU 3a MOoKpeTakwe U CTonMpake cuctemMa akrepa oagmax
nocrie noausawa, OOHOCHO cTonupawa, .NET Web API annukauuje. [Mapametap app
npeactaerba ancrtpakuunjy .NET Web APl annukauuje n y Metoam ce Hag HOM No3uBajy meTtoda
3a pegupekuunjy HTTP 3axteBa Ha HTTPS, meToga 3a aogastwe yHKLMOHANMHOCTU pyTUpamsa,
MeToaa 3a kopuwhewe CORS-a, meToga 3a ynoTpeby ayTopusauuvje n MeToda 3a A4oOaBaHe
Kpajibux Tadaka npuctyna.

r 1
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public class Startup

{
readonly string MyAllowSpecificOrigins = " _myAllowSpecificOrigins";
public Startup(IConfiguration configuration)
{

LoggerManager.LoadConfiguration(
Path.Combine(Directory.GetCurrentDirectory(), "nlog.config"));
Configuration = configuration;

public IConfiguration Configuration { get; }

public void ConfigureServices(IServiceCollection services)

services.AddSingleton<ILoggerManager, LoggerManager>();
services.AddSingleton<IIncrement, Incrementor>();

services.AddDbContext<OnlineBankingContext>(options =>
options.UseSqglServer(
Configuration.GetConnectionString("OnlineBankingDatabase")
, b => b.MigrationsAssembly("OnlineBankingWebApi"))

)5

services.AddDbContext<OnlineBankingAccountContext>(options =>
options.UseSqglServer(
Configuration.GetConnectionString("OnlineBankingAccountDatabase"),
b => b.MigrationsAssembly("OnlineBankingWebApi™)));

services.AddDbContext<OnlineBankingTransactionContext>(options =>
options.UseSqglServer(

Configuration.GetConnectionString("OnlineBankingTransactionDatabase"),
b => b.MigrationsAssembly("OnlineBankingWebApi™)));

services.AddDbContext<OnlineBankingCurrencyContext>(options =>
options.UseSqlServer(
Configuration.GetConnectionString("OnlineBankingCurrencyDatabase")
, b => b.MigrationsAssembly("OnlineBankingWebApi")));

services.AddDbContext<OnlineBankingHelpContext>(options =>
options.UseSqglServer(
Configuration.GetConnectionString("OnlineBankingHelpDatabase™)
, b => b.MigrationsAssembly("OnlineBankingWebApi")));

services.AddDbContext<OnlineBankingNotificationContext>(options =>
options.UseSqglServer(

Configuration.GetConnectionString("OnlineBankingNotificationContext")
, b => b.MigrationsAssembly("OnlineBankingWebApi")));

services.AddDbContext<BankUsersContext>(options =>
options.EnableSensitiveDatalLogging()
.UseSqglServer(
Configuration.GetConnectionString("BankUsersDatabase")
, b => b.MigrationsAssembly("OnlineBankingWebApi")));
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services.AddSingleton<INotificationHubHelper, NotificationHubHelper>();
services.AddActorSystem(AkkaSystemConfiguration.SeedNode);
services.AddActorSystem(AkkaSystemConfiguration.Node);
services.AddActorProviders();

services.AddCors(options =>
{
options.AddPolicy(name: MyAllowSpecificOrigins,
builder =>
{
builder.WithOrigins("http://localhost:3000",
"http://localhost:9000/api")
.AllowAnyHeader()
.AllowAnyMethod()
.SetIsOriginAllowed((x) => true)
.AllowCredentials();
1
1

services.AddControllers();
services.AddSignalR();

services.PostConfigure<ApiBehaviorOptions>(options =>

{
var builtInFactory = options.InvalidModelStateResponseFactory;
options.InvalidModelStateResponseFactory = context =>
{
var loggerManager =
context.HttpContext
.RequestServices
.GetRequiredService<ILoggerManager>();
loggerManager.LogInfo($"Request with URL
{context.HttpContext.Request.Host}
{context.HttpContext.Request.Path.Value}" +
$" reached endpoint
{context.ActionDescriptor.DisplayName}" +
$" end produce error message:
\"{context.ModelState.Values
First()
.Errors.First()
.ErrorMessage}\"");
return builtInFactory(context);
s
1

public void Configure(IApplicationBuilder app, IWebHostEnvironment env,
IHostApplicationLifetime lifetime)

{
if (env.IsDevelopment())

{
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app.UseDeveloperExceptionPage();

¥
lifetime.ApplicationStarted.Register(() =>
{
app.ApplicationServices.GetService<ActorSystem>();
1

lifetime.ApplicationStopping.Register(() =>
{
app.ApplicationServices
.GetService<ActorSystem>().Terminate().Wait();

1)

app.UseStaticFiles(
new StaticFileOptions {
FileProvider = new PhysicalFileProvider(
Path.Combine(
env.ContentRootPath, "ProfileImages")),
RequestPath = "/ProfileImages"”

)
app.UseHttpsRedirection();

app.UseRouting();

app.UseCors(MyAllowSpecificOrigins);

app.UseAuthorization();

app.UseEndpoints(endpoints =>
{
endpoints.MapControllers()
.RequireCors(MyAllowSpecificOrigins);
endpoints.MapHub<NotificationHub>("/hubs/notificationHub");

Y HacTaBKy je npukasaH Ko 3a nokpeTawe U KOHurypucamwe cuctema akrepa kao u 3a
Ao0aBaHk€ aKTepa Ha BPXY Xujepapxuje y KOHTejHEP MHBEP3HE 3aBUMCHOCTU Kako 61 MM ce MOro
npuctynutn y .NET Web APl annukaunjw.

public static class ServiceCollectionExtensions
{
public static void AddActorSystem(this IServiceCollection services,
AkkaSystemConfiguration configurationOption)
{
var configPath =configurationOption == AkkaSystemConfiguration.SeedNode ?
Path.Combine(ConfigurationConstants.ProjectDirectory,
ConfigurationConstants.SeedNodeConfigurationFile) :
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Path.Combine(ConfigurationConstants.ProjectDirectory,
ConfigurationConstants.NodeConfigurationFile);
var configString = File.ReadAllText(configPath);
var config = ConfigurationFactory.ParseString(configString);
var bootstrap = BootstrapSetup.Create().WithConfig(config);

services.AddSingleton(provider =>

{
var serviceScopeFactory =

provider.GetService<IServiceScopeFactory>();
var di = DependencyResolverSetup.Create(provider);
var actorSystemSetup = bootstrap.And(di);
var actorSystem = ActorSystem.Create("OnlineBanking",
actorSystemSetup);

actorSystem.AddServiceScopeFactory(serviceScopeFactory);
return actorSystem;

1)

static void AddActorProviders(this IServiceCollection services)

services.AddSingleton<LoginManagerActorProvider>(provider =>
{
var actorSystem = provider.GetService<ActorSystem>();
var loginActor = actorSystem.ActorOf(
LoginManagerActor.Props()
.WithRouter(FromConfig.Instance),
"loginManager");
return () => loginActor;

s

services.AddSingleton<AccountGetterActorProivder>(provider =>

{

var actorSystem = provider.GetService<ActorSystem>();

var accountGetterActor = actorSystem.ActorOf(
AccountGetterActor.Props()
.WithRouter(FromConfig.Instance),
"accountGetterActor");

return () => accountGetterActor;

Knaca ServiceCollectionExtension, onnucaHa y Kogy W3Hag npencraBiba MNpoLIMpeHe
KOHTejHepa uHBep3He KoHTpone. OHa caapxu ABe MeTofe npolumnpersa'® koje services KOHTejHEP
nosmBa y ConfigureServices metogn .NET Web API annukauunje. Metoga AddActorSystem

6 MeToda npowvpera (eHe. extension method) npeacrasrba Aofasake (OYHKLMOHANHOCTM Hag Beh
noctojehum TUNOM MnogaTtaka W KapakTepuwe je kibyyHa ped this, ynotpebrbeHa kao npedukc npsor
aprymeHTa. [1pBy napameTap npeAacTaBiba MHCTaHLYY TUNa KojeM je NpuapyXeH oBaj Metoa [5].
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Hajnpe yuuMTaBa KoHurypaumoHu dajn cuctemMa akrepa y 3aBUCHOCTM [a Nu ce pagu O CeMeHy
nnn obnyHom 4Bopy, NOTOM omMoryhaBa MexaHu3am ymeTawa 3aBWCHOCTWU Yy CUCTEM aKTepa,
Kpenpa cuctem aktepa ca HasmBoM OnlineBanking v npocnefyje my koHdurypauujy. Cuctem
aKkTepa pernmcrpyje y KOHTejHeEpP NHBEP3HE KOHTPOSE Kao jeaMHy MHCTaHLY Y KOHTejHepy, Tako Aa
Kag rog cuctem Oyge TpaxeH M3 KoHTejHepa buhe BpaheHa ucta nHcTaHua cuctema.

MeTtogna AddActorProviders popaje akTepe Koju cy OedUHUCaHU Kao NpBU HUBO
Xujepaxvje (OUPEKTHN NOTOMUWM USer akTepa) y KOHTejHep. Y Kogy M3Hag je npukasaHa Iorvka
aopaeawa loginManager v account aktepa. Ha uctn HauvH ce goaajy n octanu aktepu. Hajnpe
je noTpebHO [OBUTM cUCTEM aKkTepa U3 KOHTejHepa, Koju Mopa BUTK NPeTXO4HO PernpcTpoBaH.
NMoTtom ce nosmBa metoa ActorOf Ha MHCTaHUM cMCcTeMa Kako 6u ce kpeupao notpebaH akTep.
OBoj meToam ce npocnehyje Props ob6jekaT koju npeActaBrba BPCTy peuenTa (Ha Koju HauvH ce
aKTep MHCTaHuuMpa ca ogpeheHoM KoHdurypaumnjom n nHdopmMaumjama ncnopyyneama) nomony
Kojer CMCTeM akTepa WHCTaHuupa oapefeHor aktepa. 3aHMMIbMB feTarb je da ce akrep
MHCTaHUMpa ca MexaHM3MOM pyTupawa, Yuja nogellaBara Ce YnUTajy M3 KOHpMrypaumoHor
ajna. Pytepu cy koHdurypmcaHun ga dygy CBECHU CBMX YBOPOBA Y rpynu, Tako aa he gobujeHa
nopyka ouTtn pytnpaHa HajMane ontepeheHoj MHCTaHLM akTepa Ha Makbe onTepeheHoM YBopY.

akka {
loglevel = DEBUG
loggers = ["Akka.Logger.NLog.NLoglLogger, Akka.Logger.NLog"]
actor.provider = cluster

remote {
dot-netty.tcp {
port = 5002
hostname = localhost
}
}
cluster {
seed-nodes = ["akka.tcp://OnlineBanking@localhost:5002"]
}
actor
{
debug
{

receive = on
autoreceive = on
lifecycle = on
event-stream = on
unhandled = on

}

deployment
{
/loginManager {
router = smallest-mailbox-pool
nr-of-instances = 10
cluster {
enabled = on
allow-local-routees = on
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max-nr-of-instances-per-node = 5
¥
}

/accountGetterActor {
router = round-robin-pool
nr-of-instances = 10
cluster {
enabled = on
allow-local-routees = on
max-nr-of-instances-per-node = 5

MpeTxoaHn ko npeacTaBrba Oeo KoHdwurypauuoHor dajna, HanucaHor y HOCON'
dopmarty, Koju ce ogHoCcK Ha ynoTpeby noroBaka yHyTap CMCTEMA, KOH(pUryprcamwe YBOpoBa y
rpynn Kao U HauynHa pyTupaka CBakor of aktepa. Bmaumo ga ce 3a cBakum pytep ogpehyije
nonuTuka pytmnpawa (Hnp. smallest mailbox pool unv round robin), 6poj NHCTaHUW akTepa Koju he
OuTK KpeupaHu of CTpaHe pyTepa, go3Bana 3a ynotpeby CBMX 4YBOpOBa y KnacTepy Kao u
MakcumanaH 6poj MHCTaHuM Ha jeaHoM 4Bopy [4]. OBaj cermMeHT KOHUrypauumje npeacrtaeiba
KOHdpUrypaumjy cemeHa 4Bopa, LWTO MOXEMO BUAETU nod cekumjom cluster rae je HaBefeHo Aa
he Taj uBop GUTK NOKPEHYT Ha agpecu “akka.tcp://OnlineBanking@localhost:5002”. Osge Takohe
MOXEeMO BMAETWN KOMUKO je jeQHOCTaBHO N3BPLUUTU KOHUrypucame nokauuje roe he ceakum 4sop
OMTM MOKPEeHyT, Tako Aa je Yy Crny4yajy oTkasa cepBepa Ha Hekoj agpecu, moryhe, Bpno
jeQHOCTaBHO, U3BPLUUTM MPEKOHUIypaLnjy Tako ga ce YBop Hahe Ha HeKoj ApYroj agpecu.

6.3 mnnemeHTaumja cepBuca 3a nsspLuaBame nnahawa
KOPUCHMKa

MmnnemeHTaunja cepBuca 3a m3BpLUaBakwe nrahawa Ha KOPUCHWYKOj CTPaHU KOPUCTHU
NCTe KOHLENTe W KOHCTPYKTE Kao M CepBUC 3a NpujaBibMBawke UM PEermcTpoBake KOpPUCHMKA.
KopucHyK BUOM Ha ekpaHy cagpxaj Koju My peHaepyje Payment React-oBa koMrnoHeHTa. OHa
cagpxn cdopmy nnahawa, YMju Nogaum ce HakoH NonykwaBawa warby dispatch MeTogomMm Kao
akuujy sendPaymentinfo Redux-y. Redux nomohy, Beh onucaHe dyHkuuje, createAsyncThunk
warbe nHdopmaumje Payment konTponepy .NET Web APl annvkauuje n ogalunsbe HOBY akunjy
Kojom obaBewTaBa Oda je 3axTeB TPEHYTHO y HepelwleHOM cTawy. React he ceBe gok Tpaje
HepeLleHo CTake NpuKasnBaTn KOPUCHUKY Loader n Ha Taj HaunH obaBeLuTaBaTh KOPUCHUKA Aa
je npouec obpage y ToKy.

Ha cepBepckoj cTpaHu akuuja koHTponepa Payment he 3axTeB KOHBEPTOBATU Y MOPYKY U
nocnatn je Payment aktepy. butHa kapaktepuctuka Payment aktepa je Ta wWTO Hacnehyje

7 HOCON (eHe. Humen Optimized Configuration Object Notation) je KoHBeHUMWja nuUcara
KOoHGurypaumoHux cajnosa y obnuvKy Koju je morogaH 3a 4YoBeka M npeacTtaBrba Hagorpagwy JSON
KoHBeHuuje [4].
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BaseUntypedPersistentActor aktepa koju omoryhaBa Aa ce yHyTpallke CTakbe akTepa cadvysa y
0a3n nogataka. YyBawe cTawa omoryhaBa H-€roB onopaeak y criydajeBuma kaga je akTtep
CTapTOBaH, pecTapToBaH HAKOH Naga annukauuje unu og cTpaHe cynepemaopa 300r HeKor Apyror
pasrora Unu HakoH MuUrpmpara aktepa y rpynu. Mlgeja je ga ceaka nopyka koja CTurHe y caHgyye
akTepa byge obpaheHa metogom OnCommand. OnCommand metoga he M3BpLWNTU YyBawe
nobujeHe komaHae, Tako WTo he je npeactaButn kao gorahaj u taj gorahaj he 6utn cadyBaH y
6a3y metogom Persist. Kaga Persist cadyBa gorahaj y 6a3u, nssplumhe yHKUmjy ca noBpaTHAM
NMO3MBOM Y KOjOj Ce HacTaBrba M3BpLUaBake aktepa. AKo Aohe Ha npuMmep OO pecTapToBaa
akTepa, Hajnpe he ce nsspwutn OnRecover meToaa koja gobuvja pegom cadysaHe gorahaje n Ha
OCHOBY HMX MOXE BpaTUTK CTarwe Aa Oyae MOEeHTMYHO CTawy akTepa npe pecrtaprta. YyBawe
nHopmMaLmja kao gorahnaje ce Hasuea ,M3Bop Aorahaja“ (3a getarbe nornegaty nornasrbe 3.8
O6pacum ynpasreara 1 YyBara CTaka) U uma gocTta NpegHOCTM Y OOHOCY Ha KOHBEHLMOHANHO
yyBak€ nojaTaka y penaumoHmm 6asama, Kao LITO je Ha npumep MoryhHOCT npahewa ucrtopuje
porahaja n npoBepaBakbe UCTOpUje TpaHCaKLmja, WTO je Beoma buTaH daktop Yy pMHaAHCKjCKUM
cuctemuma. Kog umnnemeHTauumje Payment aktepa npukasaH je y HapeoHOM ferny.

public class PaymentActor : BaseUntypedPersistentActor, ILogReceive

{

public override string Persistenceld => Self.Path.ToString();
private readonly PaymentState state = new()
{ Controllers = new(), Messages = new() };

//Initialization of children actors

private int _msgsSincelLastSnapshot = 0;
public PaymentActor() :base(nameof(PaymentActor)){}

protected override void OnCommand(object message)

{

switch (message)
{
case Pay pay:
logger.Info($"{ActorName}, message received : {payl}");
state.Controllers.TryAdd(pay.RequestId, Sender);
state.Messages.TryAdd(pay.RequestId, pay);
Persist(new PayArrivedEvent(pay.RequestId, pay, Sender),
(payArrivedEvent) => {
if (++_msgsSincelLastSnapshot % 100 == @)
{
SaveSnapshot(state);
_msgsSincelastSnapshot = 9;
b
logger.Info($"{ActorName},
message persisted: {payArrivedEvent}");
userIdRetrieverActor.Tell(
new RetrieveUserId(pay.RequestId,
pay.UserToken), Self);
1
break;
case UserIdRetrieved userIdRetrieved:
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logger.Info($"{ActorName} ,
message received : {userIdRetrieved}");
var payMessage =
state.Messages[userIdRetrieved.RequestId];
accountStorageActor.Tell(
new GetAccountsForPayment(payMessage.RequestId,
userIdRetrieved.UserId, payMessage.AccountNumber,
payMessage.BenericieryCustomerAccount));
break;
case RetrievedAccountsForPayment retrievedAccountsForPayment:
logger.Info($"{nameof (ActorName)},
message recived {retrievedAccountsForPayment}");
state.Messages.TryRemove(
retrievedAccountsForPayment.RequestId,
out payMessage);
state.Controllers.TryRemove(
retrievedAccountsForPayment.RequestId,
out controller);
Persist(
new RetrievedAccountsForPaymentEventArrived(
retrievedAccountsForPayment.RequestId),
(retrievedAccountsForPaymentEventArrived) => {
logger.Info($"{ActorName},
message persisted
{retrievedAccountsForPaymentEventArrived}");
if(retrievedAccountsForPayment.
BeneficieryAccount == null)
{
paymentPerformerActor.Tell(
new PayOnRemoteAccount(
payMessage.RequestId,
retrievedAccountsForPayment.UserAccount,
payMessage.Amount,
payMessage.BeneficieryCustomer,
payMessage.BenericieryCustomerAccount,
payMessage.Model,
payMessage.Reference,
payMessage.PaymentCode,
payMessage.PaymentPurpose,
controller),
Self);

else

paymentPerformerActor.Tell(
new PayOnLocalAccount(
payMessage.RequestId,
retrievedAccountsForPayment.UserId,
retrievedAccountsForPayment.UserAccount,
retrievedAccountsForPayment.
BeneficieryAccount,
payMessage.Amount,
payMessage.BeneficieryCustomer,
payMessage.Model,
payMessage.Reference,
payMessage.PaymentCode,
payMessage.PaymentPurpose,
controller),
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Self);

1)
break;
//other cases of commands

case SaveSnapshotSuccess saveSnapshotSuccess:
DeleteMessages(
saveSnapshotSuccess.Metadata.SequenceNr);
break;
case SaveSnapshotFailure saveSnapshotFailure:
logger.Error($"{ActorName}, failed to save snapshot");
break;

}

protected override void OnRecover(object message)

{

switch (message)
{
case PayArrivedEvent payArrivedEvent:
logger.Info($"{ActorName},
message recovered : {payArrivedEvent}");
state.Controllers.TryAdd(payArrivedEvent.RequestId,
payArrivedEvent.Controller);
state.Messages.TryAdd(payArrivedEvent.RequestId,
payArrivedEvent.Pay);
break;
case RetrievingUserIdFailedArrivedEvent
retrievingUserIdFailedArrivedEvent:
logger.Info($"{ActorName},
message recovered : {retrievingUserIdFailedArrivedEvent}");
state.Controllers.TryRemove(
retrievingUserIdFailedArrivedEvent.RequestId,
out );
state.Messages.TryRemove(
retrievingUserIdFailedArrivedEvent.RequestId,
out );
break;
//all other cases for events

case SnapshotOffer offer:
logger.Info($"{ActorName}, snapshot offer : {offer}");
if (offer.Snapshot is PaymentState snapshotType)
{
state.Controllers =
new ConcurrentDictionary<ulong, IActorRef>
(state.Controllers.
Concat(snapshotType.Controllers));
state.Messages =
new ConcurrentDictionary<ulong, Pay>
(state.Messages.
Concat(snapshotType.Messages));

break;
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}

public static Props Props() => Akka.Actor.Props.Create(() => new PaymentActor());

3aHnmIbMBa KapakTepUCTUKA KOA akTepa KOju 4YyBajy CBOje CTake je [Ja Ce Yy CBakoM
TPEHYTKY MOXe OApaauTM HEroB CHUMaK CTakwa no3mBaweM metone SaveSnapshot. Payment
aKTep CHMMa CBOje CTahe HaKoH CBakMx CTO Nnahawa. Ha Taj HaunH ce mMoxe gpamaTUdHO
CMakMTU OMnopaBak akTepa HakoH pecTapToBaka jep ce He mMopa npohu Kpo3 ueny uctopujy
porahaja, Beh ce Moxe noyeTu of nocnegwer CHUMKa. PasBojHO okpyxewe he nocnatu
SnapshotOffer Tun metogn OnRecover npunukomM pectapToBaka akTepa Koju he ra cadysatm
Kao TPeHyTHO CTake M HaKOH Tora camo axypupaTtu cTawe Ha OCHOBY gorahaja koju cy ce
AOroAnnM HakoH CHUMKA.

Payment aktep warbe pasnuuute nopyke PaymentPerformer aktepy y 3aBMCHOCTU Of
TOora fa nv payyH ynnatuoua npunaga 6aHKOBHOM CUCTEMY UMK je y NuTaky padvyH Heke apyre
GaHke unu cuctema. Y cnydvajy ga ce paguM O padyHy OGaHKOBHOr cuctema Lwarbe ce
PayOnLocalAccount nopyka, a y cynpoTHom ce warbe PayOnRemoteAccount. Y 3aBUCHOCTU O
nopyke kojy npumun aktep PaymentPerformer he npehu y ogroeapajyhe crtamwe kopuwhehem
meToae BecomeStacked.

BecomeStacked wmeTopna 3amemwyje Moctojehe rMoHalwawe akrepa, noHawameM
aedmHncaHMM y metoam koja ce npocrnehyje BecomeStacked metoaun kao aprymeHT. OBO HOBO
noHallakwe ce CTaBrba Ha BPX CTeKa M KOPUCTU ce CBe JOK Ce HOBO NoHallakwe He Ao4a Ha BpX
CTeka MOHOBHUM NO3MBOM BecomeStacked meToge wunum ce He YKIOHW ca CTeka MO3UBOM
UnbecomeStacked. Ykonuko y caHaoy4ye akTepa CTUrHe rnopyka koja He moxe 6utn obpaheHa
TPEHYTHUM MNOHalaweM akTepa, peummo kon PaymentPerformer aktepa ako ce Hanasu y
ProcessLocalPayment ctawy, a cturHe my PayOnRemoteAccount nopyka, OHa ce MOXe
yKCrnagmwtuTu no3oBoM Metode Stash n kaga je aktep cnpemaH fa npehe y ctamwe Koje Moxe
Aa obpagu Ty Nopyky, Moxe ce gohu o we nosveBawem metoge UnstashAll koja Bagn cee
ycKnaguwiTeHe nopyke, a Aa npu Tome He rybu pepocnen Kojum cy npuctusane y caHgyye
aktepa. Kog 3a OnCommand wmetony PaymentPerformer aktepa roe ce BplUM npenasak y
ProcessLocalPayment noHawawe YyKonuko cturHe PaylocalAccount nopyka, OOHOCHO Yy
ProcessRemotePayment noHawawe y cnydajy ga cturHe PayOnRemoteAccount nopyka, je
npvkasaH y HapegHoMm geny.

protected override void OnCommand(object message)

{

switch (message)
{
case PayOnlLocalAccount payOnLocalAccount:
logger.Info($"{ActorName} - {payOnLocalAccount} received.");
_state.LocalAccountMessages.TryAdd(
payOnLocalAccount.RequestId, payOnLocalAccount);
Persist(
new PayOnLocalAccountEventArrived(
payOnLocalAccount.RequestId, payOnLocalAccount)
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, (eventArrived)=> {
if (++_msgsSincelLastSnapshot % 100 == 0)
{
SaveSnapshot(_state);
_msgsSincelastSnapshot = 9;
}
logger.Info($"{ActorName}
, message persisted {eventArrived}");
if (payOnLocalAccount.UserAccount.Amount
>= payOnLocalAccount.Amount)

{
currencyExchangeRateActor.Tell(
new PerformCurrencyExchangeRate(
payOnLocalAccount.RequestId,
payOnLocalAccount.UserId,
payOnLocalAccount.UserAccount.Currency,
payOnLocalAccount.BeneficieryAccount.Currency),
Self);
BecomeStacked(ProcessLocalPayment);

}

else

{

logger.Warning($"{ActorName},
account does not have enough funds to proceed with payment");
payOnLocalAccount.Sender.Tell(
new CouldNotPerformPayment (
payOnLocalAccount.RequestId,
PaymentError.NoSufficientFundsError));

1
break;
case PayOnRemoteAccount payOnRemoteAccount:
logger.Info($"{ActorName} - {payOnRemoteAccount} received.");
_state.RemoteAccountMessages.TryAdd(
payOnRemoteAccount.RequestId,
payOnRemoteAccount);
Persist(
new PayOnRemoteAccountEventArrived(
payOnRemoteAccount.RequestId, payOnRemoteAccount),
(eventArrived) =>

{
if (++_msgsSincelLastSnapshot % 100 == 0)
{
SaveSnapshot(_state);
_msgsSincelastSnapshot = 9;
}

logger.Info($"{ActorName},
message persisted {eventArrived}");
var userAccount = payOnRemoteAccount.UserAccount;
if (userAccount.Amount >= payOnRemoteAccount.Amount)
{
userAccount.Amount -= payOnRemoteAccount.Amount;
accountStorageActor.Tell(
new UpdateAccounts(
payOnRemoteAccount.RequestId,
new List<Account>() { userAccount })
, Self);
BecomeStacked(ProcessRemotePayment);
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}

else {

logger.Warning($"{ActorName},
account does not have enough funds to proceed with payment");
payOnRemoteAccount.Sender.Tell(
new CouldNotPerformPayment (
payOnRemoteAccount.Requestld,
PaymentError.NoSufficientFundsError));
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7/ 3akrby4yak

Cuctem oHnajH 6aHkapctBa BANKX22 npefcraBrba caBpeMeH HauvH umnnemeHTauuje
jegHor duHaHcUjckor cucTtema CrpemMHOr gda oaroBopyM Ha M3a30BE MOMYT CUMYPHOCTH,
OOCTYNHOCTW, OA3MBHOCTU U M3gpXrbmBocTM. CBpxa OBOr CUCTEMa je Aa NoKaXe Kako ce
kopuwherwem jegHOr Mogerna kao LWTO je CUCTEM akTepa Mory obaBrbaTu (UHaAHCHjcKe
TpaHcakuuje, a 4a NpUTOM 3a40BOJSbM CBE YCITOBE KOje jedaH peakTMBaH ANCTPUbynpaH CUCTEM
Tpeba ga nma. Kopuwherwem oBor mogena un ynotpedbom obpasaua onvcaHux y npeTxogHUm
nornasrbMMa MMNEMEHTMPAHN Cy CEPBUCK CUCTEMA.

CBaku cepBUC cuCTEMa je MMNNeMeHTMpaH Tako ga byge nabaeo Be3aH Tj. Aa Moxe ga
pagn Kao He3aBUCHa uUenuHa. CBaku of cepBuca npukasyje HEKYy 3aHUMIBUBY KapaKTepPUCTUKY
KOjy ny»Xa KOPUCHMYKO OKpyxeh-e Akka, kao WTO cy: obpasal n3Bop gorahaja umnnemeHTupaH
MexaHn3MoM 3a JyBawe gorahaja UntypedPersistentActor aktepa, obpasay npekugad kona,
MexaHu3Mu CcynepBu3nje W Hagrnejakwe akrepa feue oA CTpaHe akTepa poguTerba Koju
omoryhaBajy eukacHO pellere 3a pykoBawe rpellkama M oTkasuma, mexaHusam ynotpebe
npocnehuBawa nopyka Koju wusberaBa 3akrbydaBawe W Onokvpawe wu3BpLUaBawa koaa,
ereraHTaH HayuH paga y BULIEHUTHOM cuctemMy 6e3 kopuwhewa CroXeHux MexaHu3ama
CVHXpPOHU3aumje Kao 1 TpaHcnapeHTHocT 6e3 063npa Aa nun ce Leo CMCTEM M3BpLUABa Ha jeHOj
UNu BYLLE MaLLMHa.

Ha knujeHTCkoj cTpaHu cuctema oHnajH 6aHkapctea BANKX22 npuka3saHu Cy caBpeMeHu
HaunH Kopuwherwa 6ubnuoteka React n Redux ynoTpebom XxykoBa Kao M npaBuiaH HayuH
CTPpyKTyupawa W opraHudoBawa koga. OBe OmbnuoTteke omoryhaBajy nucawe koga Ha
dyHKMLOHANaH HauvH Kopuwhewhem MHOMMX efleMeHaTta peakTMBHE napagurme Kao LITO Ccy
nucawe QyHKUMOHANHUX React KOMMNOHEHTM npaBehu [OpPBOMMKY CTPYKTYPY M BpLUEHEM
KOMYHUKaLmje Koja je BofheHa goranajuma.

Harba yHanpehewa cuctema 6u umanu y Bugy yHanpefhusawe pa3gajatba cuctema Ha
BULLE Nokauuvja kopuwhewem noctojehmnx mexaHnsama oubnuoteke Cluster. JegaH of HaumHa
Aa ce To nocturHe 6u 6una npumeHa Gubnuoteke Cluster Sharding koja je neo GubnuoTeke
Cluster n xoja omoryhaBa ga ce CBaku CEpPBUC akTepa CMCTeMa nogenu u guctpubyupa Ha
pasnuuuTe 4BopoBe. Ha Taj HauMH cerMeHTU cepBuca (rpyna akrtepa) Koju 3axTeBajy gocTa
CrnoXeHa nspavyHaBawa, na cammum TUM U JOCTa NpoLEecopcke cHare, ce Mory auctpubympatn
Ha MaluHama npunarofeHMM 3a TO M Ha Taj Ha4YMH CNpeyYnMTM da MalunHa Koja obaBrba Te
onepavuuje noctaHe ycko rpsio. Jow jeaHa moryhHOCT yHanpehera annuvkauuje je ga ce cBaku
CepBUC NOKpuje TectoBnMa Koju nosehasajy kBanuteT, AOCTYNHOCT U OArOBOPHOCT annukauuje.
YKOnnKO NOCTOju AOroBOp Ha HMBOY cepBuca (eHa. Service level agreement — SLA [25]) namehy
npyxaoua cepBuca W KnujeHTa, TectoBu Ou npeactaBrbany jedaH of OCHOBHMX MeToaa
rapaHumje aa ce oH ucnowuTyje.
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