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Kparak cagpxaj — Pao ucmpadcyje u ananusupa
uzabpane bpokepe nopyka, ca hoKycom Ha Uxoee Kwyune
Kapakmepucmuke Kao wimo ¢y nOCMOJAHOCI U 04Y8arbe
pedocneda nopyka. Y pady ce pasmampa Kako ce 08e
ocobune npumersyjy u umniemMenmupajy —y
oucmpubyupanum cucmemuma. Taxohe, pao ce 6asu
esanyayujom nepghopmancu 6poxepa nopyka.
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Abstract — The paper explores and analyzes selected
message brokers, focusing on their key features such as
durability and message ordering. The paper examines how
these characteristics are applied and implemented in
distributed systems. Additionally, the paper evaluates the
performance of the message brokers.
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1. YBOJ

CaBpeMeHne co(TBEpCKe AaIlIMKAlMje YecTO 3aBHCE O
YIAJbCHUX YCIyra W MOJaTaka, IITO YMHH WHTETPalujy
KJbYYHOM Y  JOUCTPHOYHpPaHHM  apXHUTEKTypama.
AcHHXpOHa KOMYyHHUKallMja, pealM3oBaHa myTeM Opokepa
nopyka, omoryhaBa na 3amany KOju 3axTeBajy BHILE
BpeMeHa Oymy oOpahenn y mo3aauuHm 6e3 OiokHMpama
3axTeBa. OBakaB MPHUCTYI MMOMaXke y pellaBamby H3a30Ba
JUCTPUOYHMPAaHUX CUCTEMA Kao IITO CY HEMOY3/1aHe Mpexe
u yBpcTa moBe3aHocT [l]. ¥V mocnenme Bpeme, HOBU
OpokepH mopyka (OKyCHpajy ce Ha HHUCKO KAIlkhCHe U
BUCOKE mepopMmaHce, INTO 3HAYAjHO yTHYEC HA
e(UKaCHOCT U TI0Y34aHOCT CHCTEMA.

2. OIIUC PEHIABAHOTI IPOBJIEMA

Pan pemaBa mpo6iem nu3bopa agekBaTHOT Opokepa Mmopyka
3a IUCTpHOyWpaHW (PUHAHCHJCKH CHUCTEM, y KOME Cy
MIOCTOjaHOCT TIOPYKa, 0UyBambe penociiena u nephopmance
O]l CYyIITHHCKE BAXKHOCTH. Y €pH Kaja TUCTPUOyHpaHH
CHUCTEeMU Wrpajy KJbY4HY yJOry y oOpamu mnojaraka y
peaHoOM BpeMeHy, n30op oaroBapajyher Opokepa mopyka
NocTaje KpUTHYaH (AKTOp KOjU yTHYE Ha YKyIHE
neppopMaHce, CKaIaOMITHOCT U NMOY3AaHOCT CUCTEMA.

HAITIOMEHA:
OBaj pag mpoucTeKao je U3 MacTep paja YujH MEHTOP
je 6uo mpo¢. ap Anexcanaap Epaesban

Bpoxepu niopyka npeAcTaBibajy KIby4HH KOMYHHKAIIHOHH
cloj y nuctpuOyWpanmM cucTeMuMa, omoryhasajyhn
0e30eaH MPEHOC, OCTOjaHOCT 110/1aTaKa U OTIIOPHOCT Ha
rpemke. Y CHCTEMHUMa ca BEJTMKHM KOJIMYMHAMa I10J1aTaKa
U KPUTHYHHM aruvlMKalujama, n3dop Opokepa AMPEKTHO
yTH4e Ha eUKACHOCT U CIIOCOOHOCT CHCTEMa JIa OJIT0OBOPHU
Ha pasnuuuta onrtepehema. Y 3aBUCHOCTH Of moTpeda,
HeKkHu OpokepH cy 00JbH 32 BUCOKY MPOITYCHOCT, OK CY
JPYTH MOTOTHHU 3a 00paay y peaslHoM BpeMEHy, TIe je
Kalllbelhe KIby4HO. Kammeme je moceOHO BakHO 3a
alMKaIyje Koje 3axTeBajy Op3y peakiujy, MOMyT
¢unancHjckux i SCADA cuctema.

[Mocrojanoct mopyka o00e30ehyje moy3maHo dyBame
rojlaTaka 1 Ipy KBapoBHMa, LITO jé KPUTHYIHO 33 CHCTEME
rae je ryOuTak monaraka HeNpuXBaT/bMB. Penocinen
oOpane je Takohe BakaH Kaja je MOTPeOAHO OYyBaTH
HHTETPUTET T0/1aTaKa.

Iusb paja je aHaM3a MOCTOjaHOCTH U OUyBarbha peaocieaa
MOpyKa KOJ| pa3JIMuuTHX OpoKepa, Kako OM ce YTBPAMIO
KOju Haj0OJpe OATOBapa 3axTEBHMa IUCTPUOYyHpaHOT
¢dunaHCHjcKOT cucteMa. VctpaxuBame obyxBata Apache
ActiveMQ, Artemis u Kafka-y, Kpo3 aHaJIU3y HUXOBUX
KapaKkTepucTHKa, nepdopMancu moj onrepehemeM U
MOHAIIAhA Y PEATHHM CLICHApHjIMa.

Crynuja caydaja 3acHOBaHa je Ha AdInsure cuctemy, Koju
npeacTaB/ba IUIaTGOpPMy 3a HKHMBOTHA M HEKHBOTHA
ocurypama, passujesoMm y C# u NET 8. Ilocrojeha
uHppacTpyKkTypa 3a pasMeHy mopyka omoryhasa maky
UHTErpanujy ca OpokepuMa M MOy3AaHO TecTupame. Ha
OCHOBY pe3yJiTara, paj npeijiaxe Opokep Koju Hajoosbe
UCIIyHaBa KPUTEPUjyMe IOY3HaHOCTH, HOCTOjaHOCTH M
neppopMaHCH Yy CHCTEMy ca BHCOKMM 3aXTEBHMa 3a
CKaNaOWITHOCT U €(PUKACHOCT.

3. EBAJIYATOP BPOKEPA ITIOPYKA

MessageBrokerEvaluator je .NET 8 XOH30JIHa alUIMKanyja
3a TeCTHpame IOCTOjaHOCTH M PEROciesfa MOpyKa KOX
pasnmuuutux Opokepa. Kopucrtu wunHbpacTpykrypy 3a
pa3sMmeny nopyka Adlnsure nnardopme 1 KOHGHUTYpayjy
u3 messagingSettings.json naToTeke, Koja AepuHHIIES
Marucrpaty, KaHaie, pegose u teme. L{ub je yTBpautn
Koju Opoxkep HajOoJbe oroBapa norpedaMa (GUHAHCHjCKUX
cucrema ronyt Adlnsure-a.

Tectupame ce cHpoBOAM KpO3 HHTETPAIMjCKE TECTOBE
Hamucane y C#-y u NUnit-y. IlpocnehuBame mopyka on
npousBolhaua 10 noTpomaya Hje MoceOHO MPUKa3aHo, jep
je o Beh 06e30eheno camum Gpokepom.

TectoBu penociiena mopyka: OBH TECTOBH IIPOBEPaABajy
Ja nu OpoKep MOKE TapaHTOBaTH O4YyBamkE PeNociesia
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NopyKa Koje ce Iajby y pel win teMmy. Buie nopyka ce
majpe y KpaTKMM BPEMEHCKUM HHTEpBAJIMMa, a TECT
ocurypasa Jia ce HOpyKe KOH3yMHUPajy pelociie oM KOjUM
cy nocnare. IToceOHO je BaKHO Ja ce IPOBEPH 1a JU je
FIFO (eurn. First-In-First-Out) penocinen o4yBaH 4akK ¥ 'y
ciy4ajy KOHKypeHIwje Mehy komsyMmeHTHMa. Ha crumm
3.2 je mpuWKa3aH TOK TECTHpama OYyBama peaociena
MopyKa y peny y OOJMKY CEeKBEHIIHjaJHOT Arjarpama.
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Crmika 3.2. Ilposepa o?:ysafba pedocﬁeda nopykay peéy

TecToBH nocrojanocTu: OBU TECTOBU CY OCMHUIIJBEHHU 1A
mpoBepe Ja Ju OpOoKep TMOJpXaBa IOCTOjaHOCT
npeTviaTHUKa. TecTOBM CHUMyNHUpajy CICHApHje Tje
NPEeTIUIATHUK Ha TeMy TyOM Be3y WM je NPHUBPEMEHO
HEJOCTYIaH, Ma CE€ HAaKOH HEKOr BpeMEHa II0OHOBO
nosesyje. I[lpoBepaBa ce na JiM NpeTIJIATHUK TIpHMa
MOopyKe Koje cy rmociaTe oK je Ono HeAOCTyMaH, IITO je
KJBYYHO 32 (UHAHCHjCKE CHCTEME Ilie HUjeaHa MOpyKa He
cMe Outm m3ryoseeHa. Ha cimmm 1 je mpukasaH TOk
TECTHpamba II0CTOjaHOCTH MpETIUIATHHKAa Ha TEeMH Y
00JIMKY CEeKBEHIIM]ATHOT Hjarpama.
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Cnuxa 1. IIposepa uzoparcwpugocmu npemniamuurka Ha
memu

3.1 Pesynraru eBanyanuje ActiveM(Q Opoxepa

VY eBanyanuju ActiveM(Q Opokepa, HHCTAHIIA j€ TOKPEHYTa
kao Jlokep KoHTejHEp KopumIhemeM 3BaHMYHE CIIMKE
rmohr/activemq ca Docker Hub-a. 3a TpaHCIIOpTHH
MIPOTOKOJT Kopuirhera je 6ubimoTteka
Apache.NMS.ActiveMQ.

ActiveM(Q moapkaBa oOdyBame penociiea IMopyka,
MOCEOHO Y CUCHAPH]Y Ca jeOHUM KOH3YMEHMOM no peody,
Kao M KpO3 epyne nopyka, TAe ce 04yBaBa peaociel yHyTap
CBaKe Ipyne myTeM HIeHTH]HKaTopa.

IITo ce THYe MOCTOjaHOCTH MpETIUIATHUKA, y CIIydajy
MIOCTOjaHNX TEMa CBAaKOM IPETIUIATHUKY CE UyBa HETOBa
konmja mopyke. To ce mocTmke koHpurypucamem clientID
Y IMeHa TIpeTIiaTHrKa y JMS KoHekuuju, mro oMmoryhasa
Jla TPeTINIaTHUK 100Hje CBe MOpyKe HAaKOH MOHOBHOT
MoBe3MBama [2].

3.2. Pesynratu eBasnyaunuje Artemis Gpoxepa

[pu eBanyamuju Artemis Opokepa, HHCTaHIIA je TOKPEHYTa
kao Jlokep KoHTejHep KopucTehu 3BaHHYHY CIHUKY
apache/activemq-artemis. 36or nojpiike 3a OpenWire
mpoTokos,  kKopuinheHa  je  ucra  Oubnmoreka
Apache. NMS.ActiveM(Q, 6e3 mnoTpebe 3a IOIATHUM
HU3MeHama y KOJy.

3a pasnuky on ActiveMQ, Artemis xopuctu Fully
Qualified Queue Name (FQQN) 3a yupaBibame TpajHIM
npeTIuiaTaMa ¥ BUPTYSITHAM TeMaMa. YMEeCTO KIaCHYHUX
Ha3WBa, KOPUCTH ce CTPyKTypa Kao IOTO je
VirtualTopic.{Tema}:: Consumer.{IIpemniamnux}.Virtual
Topic.{Tema}, mmrTo omoryhaBa IUpEKTaH NPUCTYI
penoBuMa  mperiiaTHuka.  OBO  NOHamiame — ce
KOoH(UTYypHIIIE napaMeTpoM
virtualTopicConsumerWildcards [2].

3.3 PesyaraTu eBanyauuje Kafka Opoxepa

Kafka Opoxep je mnokpeHyT kao Jlokep KOHTejHEp
kopuctehu 3Bann4Hy apache/kafka civky, a 3a TpaHCIIOPT
je xopuithena oubnuoreka Confluent. Kafka.

Penocnen mopyka je 3arapaHTOBaH caMO YHyTap jeiHE
napTHLYje, IITO OrpaHuYaBa napanienusam. Pagu ouyBama
penociena Ha BHIIEM HHBOY KOPUCTE C€ MPHUCTYNH Kao
HITO Cy AQJropuTaM arperatopa M COpTHpama,
kopuihewe jeIMHCTBEHOr NMOTPOIIAYA YHYTAp rpymne,
U TNpUMeHAa NPOTOKOJA TIpPymHOr mNoTBphuBama u
eMUTOBama. [3].

[ocrojanoct motpomaua y Kafka-u ce ocTBapyje Kpo3
yyBame H KOMHTOBam-€ MO3UIHje, Ka0 U KopuihemeM
NOTPOIAYKKuX rpyna. Y Adlnsure cucteMy, IOTpOIIAYN
nene uctu group ID, a moctaBka AutoOffsetReset = Latest
omoryhaBa HacTaBak YuTama OJf Mocleame oOpahene
nopyke. Py4HO KOMHTOBame IO3MIMje HAKOH o0Opaje
noehaBa noy3aHoOCT y OZIHOCY Ha ayTOMATCKO.
Pesynratu eBanyamuje [MoKa3yjy Jga CBH Opokepu
NOJpKaBajy KOHIIENITe OuyBama pelociiefa Mopyka u
MOCTOjaHOCT TPETIUIATHUKA. Arfemis ce HCTHYE Kao
jemHocTaBHA 3aMeHa 3a ActiveM(Q, ca WICHTHYHUM
NPOTOKOJINMA W OMOJIMOTEKaMa, OCUM KOJ BUPTYETHHX
JIeCTHHAIH]a Koje 3axXTeBajy Mambe HU3MEHE
koH(purypauuje. Y mnopehewy ca Kafka-om, Artemis n
ActiveM(Q HyJie jeqHOCTaBHHUjE OUyBame peAociiena, IOK
je vy Kafka-n pemocnen orpaHndeH Ha HHUBO MapTHIIH]a,
OITO OrpaHMYaBa MapajenusamM. Y  (UHAHCHjCKOM
JUCTPUOYHPAaHOM CUCTEMY, TI€ CY PEIOCIIE], TOCTOjaHOCT
u niepopMaHce KJbYIHH, OBH aClIeKTH Cy Ba)KHH 3a U300p
Opoxkepa. He mocToju yHUBEp3JIHA U300p — IpaBH U300p
3aBUCH OJ1 CIIENIM(UYHUX MPUOPHUTETA CUCTEMA U 3aXTeBa
TI0CIIOBAMbA.
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4. IEP®OPMAHCE BPOKEPA

Metpuke mepdopMaHCH Wrpajy BaxHy yIOTy Y
OTKpHBamy e(QHKacHOCTH M TMOYy3laHOCTH Opokepa
TIOpyKa, npysxajyhu aparoueH yBuJ y BbHXOBO ONIEPaTUBHO
NOHAaIIake U MOTEeHIMjal 3a ckanaduwiHocT. IlpomycHoct
U Kallllbeme Cy JIBe OCHOBHE METpHKe neppopMaHcu 3a
Opokepe mopyka [4].

[IpomycHocT yka3yje Ha epHKacHOCT cucTeMa y oOpaan
opyKa, ojipaskaBajyhu \BeroBy CIOCOOHOCT /1a e(hUKacHO
yIpaBjba BEJUKMM KOJIMYMHaMa mojaraka. C gapyre
CTpaHe, Kallllbehe Ce OJHOCH Ha Kallkheme Koje jeqHa
NOpyKa JOXHBJbaBAa [JOK IIPOJNIA3H KpO3  CHCTEM,
Harjamasajyhu Op3uHy U OI3UB Y HCIIOPYIH TTOPYKA.

3a Tectupame neppopmancu Opokepa nopyka ActiveMQ,
Artemis n Kafka xopuiheHo je JIOKaTHO OKpYKeHe, Koje
oMmoryhaBa TOTIYyHY KOHTPOJY HaJ XapJBEPCKUM
pecypcuMa M EIMMHMHHCAamE€ MpPEXKHUX BapHjanuja.
Crneunduxanuja xapasepa Ha KOjeM Cy TecTHpaHe
neppopmance cy: Intel i7 npouecop, 32 GB RAM, 500 GB
SSD.

4.1 IIpomycHocT

[TpomycHOCT mopyka o3Ha4aBa Opoj Mopyka Koje ce MOry
o0pamuTH y IpoceKy 1o cekyHau 3a N 6poj mopyka. OBaj
MOKa3aTeJb MepH KOJIMKO HOpyKa Moxke OUTH oOpaleHo y
oapeheHoM BpeMeHckoM OkBHpY. M3padyHaBa ce Kao:

yKynaH dpoj odpaheHux nopyka

MPOMYCHOCT =
YHYIIHO BpeMe OTPEedHO 3a 00paly nopyka

[Iporpam 3a Mepeme NpomycHOCTH pa3BujeH je y C# kao
KOH30JHa aIIMKallMja U CUMYJMpa IapajelHO CIambe
nopyka nmpeko Bumie npousBohauya. Tectupajy ce
pas3IMuUTHU cleHapuju ca OpojeM npoussohaua (16, 24, 32)
n BenmmumHOM Tmopyka (1-50 KB), y tpajamy ox 60
cekyHIH. benexe ce ykynmaH Opoj MOCHaTHX TOpyKa H
MPOIYCHOCT (MOPYKE/CeKyHIIN). ATUTHKAIja KOPUCTH
AdInsure nHQPacTpyKTypy ¥ TPaHCIOPTHE MPOTOKOJIE Y
CKJIay ca TecTUpaHuM OpokepoMm. Pesynratn cy
MpUKa3aHU Ha ciiukama 2, 3 u 4.
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Cnuxka 2. Pezynratu nporycHocTr 6pokepa 3a 16
napaJielTHUX IIpou3Bohaua y 3aBUCHOCTH OJ1 BEJIMUMHE
nopyka (o 1 1o 50), rie je BenudauHe mopyka
npescTaBibeHa y kunobdajtuma (kB)
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Cnmuka 3. Pesynratn npomycHocT Opokepa 3a 24
napajesiHa Ipou3Bohaya y 3aBUCHOCTH O BEJIMIHUHE
nopyka (o 1 mo 50), rze je BenmuuHE TOPYKa
npencraBibeHa y kmtobajtuma (kB)
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Cnuka 4. Pesynratu npomycHocTH Opokepa 3a 32
TnapasenHa npon3Bolada y 3aBUCHOCTH OJ1 BETTHIHHE
nopyka (ox 1 mo 50), e je BenmuuHE TOPYKa
npencraBibeHa y kmnobajtuma (kB)

4.2. Kammeme

IIpoceuno kammewme MPEACTaBba IPOCEHYHO BpeMe
Kallllbe€ma 3a CBE IOpPYyKe y CKymy oX N mopyka.
H3pauyHaBa ce kao:

N

MPOCEYHO Kalllbemhe = I Z Kallmbemme (1)

n=1
Kammeme ce Mepu y ckilony nporpama passujeHor y C#
KOH30JTHO] ATUTAKAIU]H. Tectupame Kalllibeha

nozapasymMeBa ciefelie kopake: perucTpaiuja norpouayda
Ha KaHaJ 3a NpujeM NMopyKa Koju Oenexu Bpeme rnpujema,
clame IOopyKa O cTpaHe Ipous3Bohada, Koju 3a CBaky
MIOPYKy OeJIe)XH BpeMe Cllarba M M3padyHaBame PasiInKe
mMely BpeMeHa ciama U IpHjeMa mopyka. Ha xpajy,
IIporpam M3padyHaBa IIPOCEYHO KAlIEmhe CBUX MOpyKa
npukasyje pesynrare. TecTupame je CIpOBEICHO 3a
ActiveMQ, Artemis n Kafka Gpokepe, CBU ca MHCTaHIIaMa
Ha Jlokepy. Pesynraru cy nati y HacTaBKy, Ha ciaMkama 5,
6, 1 7 1 TpapUKH WIYCTPYjy KallkbEeme Y 3aBUCHOCTH O]1
Opoja mocmaTux mopyka.
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Crmka 5. Pesynratu kammema Opokepa y
MunrcekyHaama (ms) 3a 1000 mocnatux mopyka y
3aBHCHOCTH 01 BemduHe nopyka (1-30) y kmiobajtuma
(kB)
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Crnmka 6. Pesynratu kammema Opokepa y
MuncekyHaama (ms) 3a 10000 mocnatux mopyka y
3aBUCHOCTH 0]1 BeJn4yuHe nopyka (1-30) y kuiobajruma
(kB)
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Crnmka 7. Pesynratu kammema Opokepa y
MuncekyHaama (ms) 3a 50000 mocnaTux mopyka y
3aBHCHOCTH 0J1 BenmdyuHe nopyka (1-30) y kmio6ajtuma
(kB)

Ha ocHOBy cmnpoBeneHux TectoBa IephOpMaHCH,
yTBpheHO je ma cBakM O aHANM3WpaHWX Opokepa —
ActiveMQ, Artemis n Kafka — uma cBoje crnenndpuaHe
MIPETHOCTH U MaHe y 3aBUCHOCTH OJI ClieHapHja ynorpeode.
ActiveMQ ce ucTuie HajHIKUM KalllihemheM, IITO T'a YUHI
MIOTOJIHUM 3a aIlJIMKaIije Koje 3axTeBajy Op3y obpamy
MOpyKa, aJli KEeroBa MPOIYCHOCT omaja mnpu nosehawy
onrepehema. Artemis Hyan Gananc u3Mely npomycHocTH
U Kallllherwa, ITO I'a YMHU JOOpUM H300pOM 3a cHCTeMe
KOjH 3axTeBajy KoMnpomuc usmely Op3uHe Hcnopyke u
obuma mopyka. C npyre crpane, Kafka nomunmpa y

NIPOITYCHOCTH, HApOYHMTO Yy CIEHapHjuMa Ca BEIMKHUM
Opojem nponsBohaya, anu y3 KPTBOBabE Kallbemha, ITO
j€ YMHH HIeaTHOM 3a 00pajiy BEJIMKHUX KOJIWYKHA [T0J1aTaka
rze Op3vHa UCTIOPYKE HUje KPUTHUYHA.

5.3AK/bYYAK

OO0e30ehuBame  TOCTOjaHOCTH W pefociena y
IUCTpuOyrnpaHoM (HMHAHCHjCKOM cHcTeMy Moryhe je Kox
CBHX pa3MaTpaHUX Opokepa MOpyKa, ald ca pPa3InduTUM
HUBOWMA CJOXEHOCTH W mepdopmancu. ActiveMQ je
HajOOBPM M300p 3a CHCTEME Ca HUCKUM KalllFbCHEM U
ymepeHuM ontepehemeM, J0K Artemis nupyxa pobap
KOMIIpOMHC H3Mel)y mpomycHocTHM W Kambemwa. O0a
Opokepa  omoryhaBajy  peJaTUBHO  jeIHOCTaBHY
UMIIEMEHTAIMjy OuyBama pejociena Iopyka Kao H
mocrojanoctu Opokepa. Kafka, wako HajIOTOIHUJH 32
BHCOKY IIPOIYCHOCT M CKaJJaOMITHOCT, 3aXTEBa CIOKEHH]Y
AMIUIEMEHTAI]Y 32 09yBame pefocieia U MOCTOjaHOCTH
n uma Behe kammbeme. M300p Opokepa 3aBUCH Of
cnennUIHNX  3aXTeBa  aIUIMKaluje,  yKIbydyjyhu
KPHUTHYHE (aKTOpe Kao IITO CY KallEkeHhe, MPOIyCHOCT U
o0uM obOpase momaTaxa.
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