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JucepTanuje

JAHpeKTHO CHUMa-€ N0JaTaKa H Je/bele cCHUMaKa u3Mel)y annkauuja y o6aaky

KaHauaara Mieana Prictoerha. MeHTopka oBe 1OKTOpCKe aucepralyje je npod. ap Munena
Byjowesuh Jannuuh, Banpenna npodecopka Maremaruuxor dakynrera. Komucuja je nperieaana
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HU3BEIITAJ

1. buorpadguja kanaugaTa

JInunu nogauu
Hwme u npezume: Mpan Puctopuh
Mecto u gatym pohemwa: Yxune, 17. 01. 1995, rogune
3Bame: MacTep UHpOpMaTHIap
Enexrponcka agpeca: ivan.ristovicmatf.bg.ac.rs

OGpa3zoBame

YikuuKy rumHasujy 3aBpmuo je 2014. roguHe kao Hocunan Bykoee aurome. OcHOBHE cTyauje Ha
cMepy PauynapctBo M uH(opmarika Ha MaremaTHuKoM (hakynTeTy 3aBpiuuo je y cenrembOpy 2017,
rogune. Mactep cryauje Ha MaremaTudkom akyntery 3aBpiuuo je y jyiy 2020. rogune. JJokropcke
cryamje Ha MarematudkoM dakynTery ymucao je y okroopy 2020. roguse.

Paano uckycrpo

On 2018. romune 3anmocieH je Ha Marematuukom (akyntety. Ha OCHOBHUM CTyamjama OpiKao je
BeskOe U3 npeamera Objexmuo opujenmucano npoepamuparse, lpozpamcke napaduzme, Pauynapcke
mpexce, v Pynxyuonanio npozpamuparse. Ha mactep cryaujama apxkao je BexOe M3 npeamera
Paseoj cogpmeepa 2 n Bepugpurxayuja cogpmeepa. V nepuony on jyna 2021. roquse o anpuia 2023.
pajMo je Kao MCTpaXKMBad Ha MPOjeKTy capaime Maremaruukor akynrera u komnanuje Oracle. On
anpuna 2023. romuHe, mopen 3amociera Ha MaremMarHukoM (haKysnTeTy, aHraXkopaH je W Kao
UCTpaskUBay-ceHUOp y Kommauuju Oracle.



2. bubauorpaduja kanguaara

Panosy y MHTepHAUHOHATHUM YAaCOMHUCHMA

Ristovi¢ Ivan, Jovanovié Vojin, Hofer Peter, Vujodevi¢ Jani¢i¢ Milena, “Direct Object Snapshotting
and Sharing for Cloud-Native Applications”. Future Generation Computer Systems. Vol. 180. Jul
2076 doir 101016/ future 2026108375, (_IVEZ?A IF2025: 6.1

Panosu Y HAIDHOHATHHAM YacOonHCcHMA

Ristovié Ivan, Cugurovié Milan, Stanojevié Strahinja, Spasi¢ Marko, Marinkovié Vesna, Vujosevié
Jani¢i¢ Milena. “Machine Learning-Driven Prediction of Optimal Ceontrol Flow Graph Traversal
Strategy”, Serbian Jowrnal of Electrical Engineering, Vol. 22, WNo. 3, 2025. doi:
10.2298/SJEE250828003R (M51)

Pucrosuh Meau. "Hp ; i
nporpama”, HughoM - Haconuc 3a undopuayuone mexuoioeuje u myamumedujaane cucmeme, Vol
25, No. 81/82, pp. 47-54, 2025. (M53)

PanoBH na xondepeHuujama

Cugurovié Milan, Ristovi¢ Ivan, Stanojevi¢ Strahinja, Spasi¢ Marko, Marinkovi¢ Vesna, VujoSevié
Janic¢i¢ Milena. “ML-Driven Prediction of Optimal Control Flow Graph Traversal Algorithm in
Modern Applications”, 12th International Conference on FElectrical, Electronics and Computer
Engineering (IcETRAN), Hauaxk, 9-12 Jun 2025. doi: 10.1109/IcETRAN66854.2025.11114103 (M33)

Mpan Pucrosuh, Munan Yyrypoeuhi, Ctpaxumsa Cranojernh, Mapko Cnacuh, Becna Mapunkoruli,
Munena Byjomeruh Japuunh, “Edwmkacay  ofunasax  rpadosa  koprpone  toxa  nporpama’,
Koudepenuuja Ylnfo 2024, Konaonuk, Cpbuja. (M63)

IlatenTH

Ristovi¢ Ivan, Vujodevié Janic¢i¢ Milena, Hofer Peter, Jovanovié Vojin, “Object Spapshotting and
Sharing Across Application Instances”, Application for United States Letter Patent,
ORC251398106-US-NPR, 2025. (M86)

Caonmrema Ha KOH(EPeHIHjaMa IITAMIAHA Y H3IBOAY

Anexcanpap Credanoruh, Mean Puctosuli, Munena Byjomesuh Jarnumh. “Hpounipusn oKBHp 34
craTuuky avaansy Japa Oajrrona”, XV Cumnosujym |, Mamemamuxa u npuvene”, Maremarniku
daxyrrer, aeuembap 2025, (M64)

Munuua Kaprnnuuh, Mean Pucroeuh, Miuena Byjomesuh Januuunh. “Busvasnzaunja serpska
KOPUINNCHEM €aBeTOAABHE HIOMHCE CKvIUbaua otnagaka”, XV Cumnosumjy™m ,,Mamewamurxa u
npiymene”, MatemaTHuky QakyareT, neuembap 2025. (M64)

Anexcannap Credanopuh, Mean PuctoBuh, Munena Byjomesuh Januumh. “AyroMarcxo
paspelaparbe  peICKIMBANX  T030B4  CTaTH4KoM  adanmionm Japa Gajrkoas”, XIV Cumnosnjym
. Mamewamuxa u npuvene”, Maremarinuky axynret, getembap 2024, (M64)

Mnnﬂua Kapnuuuh, Uean Pucroruh, Munena Byjomeruhi Jannuuh, “Hobominarae t,d)MKausocm
WIMIEHT-CEPRED ANVTMKALIA AHHAMUYKHM NOACHIABAHLEM :




cucremy  GraalVM™, XIV Cumnosujym |, Mamevamura u npuvene”, Matematnuxy (paxynrer,
neuembap 2024, (M64)

Mapko Cnacuh, Mean Puctoeuh, Crpaxuma Cranojesuh, Munan Yyryposuh, Munnua Kapnauuul,
Munena Byjomesuh Janunuuh. “Epanyauwnja nepdopmancu xomnunaropa GraalVM xopumhemen
IucTpubyurpanor padyHapckor Kiactepa”, XV Cprneru Konepec Mamesanmuuapa, jyu 2024, (Vi64)

Munan Uyryposuh, Msan Puctoeuh, Ctpaxuma Cranojeruh, Mapko Cnaculi, Becna Mapunkosuh,
Munena Byjowesuli Januuuii. “Komnaparusha ananuia rpadopa kourpose toka aporpama”, XIII
Cumnosujym ,, Mamentamura u npumene”, Maremaruuky daxynrert, neuembap 2023. (M64)

Hean Puctoeuf. “Pana_umuujanusaumja kontexcra Jasa puprvande mammne”, XIH Cumnozujym
o Mamemamura u npuvene”, Matematuuku gakynarer, geuem6Oap 2023, (M64)

3. Illpenmet pucepranuje

IpeameT oBe JAOKTOpCKe JAHCEPTAILIH)E j& CHCTEM 38 AMPEKTHO CHUMAIE H JIJbEhe CHUMAKA T10JaTaKa
(Doss) n3mely HHCTaHLM aliMKauMje ¥ TOKY U3BpluaBarka. Doss NPaBH IUPEKTHE CHUMKE 00jexara,
Tj. 6e3 Tpancdopmanmje objexkara acouMpaHe ca cepujanzalijoM Y TPaAULHOHATHAM OKPYKEmUMA.
Doss yunTaBa CHUMKE Yy KOHCTAHTHOM BPEMEHY, M Jeny MX n3Mely BHille HHCTAHIIM afIHKaluje, He3
TPOIIEH:@ BPEMEHA M MEMOPHje Ha JecepHjanuzanijy nomgataka. Doss omoryhasa edukacHy pany
UHUMLM]aH3aUM]y NI0JaTaka y MUKPOCEPBHCHHM M 0E3CepBepCKUM OKpyxKeruMa, Yopaasajylin Bpeme
OA3MBA MUKDPOCEPBHCHHX arMKaluja u Op3uHy noxperama bezceprepckux ¢pyHkumja. [lomrto Doss
OTIEPULIE TOKOM M3BpLIABara MporpaMa, Morylie je Bep3MOHHCATH M JMHAMMYKY MERATH TMOJATKEe
KOje amMKaudja KopucTH 0e3 FOHOBHOT NMOKpeTarha WIM W3rpaime anaHkanuje. Jememe Doss
CHHMMAKa MojaraKa oMoryhiaBa KOHCTAHTHO MEMOPHjCKO 3ayzelie 3a IojaTke NPHIHKOM NOKpETarsa
BUINEC WHCTAHUM alIMKallMje, HachpaM JIHHeapHoT MeMopHjckor sayselia y TpajHUMOHATHHM
OKpYKEeHhHMA.

Apxurextypa Doss cuctemMa 3a JUPEKTHO CHHMAlbe M Jeibeibe 00jeKaTa je TNpHKa3aHa Kao
ANCTPAKTHH KOHIUENT, a 3aTHM HMIJIEMEHTHPAHA Y OKBHPY KOMIMNATOpCKOT exocucteMma GraalVM
(GraalDoss), ka0 npouIMpere BUPTyanHe MallMHE M CKyIUbaya OTrajaxa. 3a norpebe epanyanmje
cucrema GraalDoss, neduniucal je W Iu3ajHUpan cKyn pediepeHTHMX Nporpama 3a eBanyalyjy
nepdopMancH cHcTeMa 3a cHuMame ofjexara y obnaky. Ckyn pedepeHTHUX mporpama yxbyuyje
TECTOBE KOPEKTHOCTH W poOYCTHOCTH, MHUKpoOeHuUMapke 3a eBajiyalujy Op3uHe CHUMama M
yUUTaBawka, ¥ BHMIUCHHCTAHIIHE MHKPOCEPBHCHE allIMKaLHje KOje jene MOoJaTKe ¥ IPenpolecHpajy
BEJIHKE [10JIaTKE.

GraalDoss mocTmxe KoHncTaHTHy Op3uHy HecepujanMsauuje wto, y nopelemy ca caBpeMeHHM
dubnuorexama 3a Japa cepujanuzanyjy, Aaje yop2ame ol HEKONHKO peloBa BefinudHe. KOHCTaHTHA
Gpauna gecepjanuzanyje Jaje yOpsame 0f YeTHPH peila BEMMUHHE Y AIIMKALMjaMa 32 PUPOIHO
npouecHpatse tekera o 3000 toxewa. GraalDoss ybpsaBa BpeMe O/(3UBa MHKPOCEPBUCHUX Beb
annvkaupja sa 34%, u cMamyje YKyIHo MeMoprjeko sayselie cucrema o7 8 HHCTAHIM alTHKALIAE 34
44%, mrto omoryhaga noxperame AyIo BHIIE MHCTAHIM ANNMKALM]e Y OKBUPY MCTUX MEMOPHjCKHX
OrpaHHYeHba.



4. Ilpukas nucepranuje

Bpoj cTpana pokropcke auceprauuje je xiv+140 u ona ce cactoju u3 JeceT riapa, jefHOT IOAATKA U
nuTepatype of 413 6ubnuoreuke jeAHHHLE.

Tlpea r1aga je YBONHOT KapaKTepa W Y 0] ¢V MPHKA3AHK CY HAjBAXKHH] Y JAONPHUHOCH JMCEpTalMie U
NpHKa3aHa je opraHu3aLuja JUcepTalHje.

Y Npyroj rnapv ONuMCaHE Cy OCHOBC M3BPIIABAama y 06RaKy — TEXHHKE BUPTyaslu3aliije, HCTIOpYKe
ycnyra, apXurekrypa coditeepa y obnaky, Kao M IieHa H3Bpllasama codreepa y obnaxy. [Ipukazanu
Cy TPEHYTHH W3a30BM M NpPY)KEH j& OCBPT HA TeXHHMKE ONTHMH30Bama H3BpIIABAA y o0naky 3apas
CMameHa LEHE U3BPLIARALA,

Y Tpehoj riasu onucana je nnardopma Oracle GraalVM, yxmyayjyhu xomnunatope Graal u Native
Image. [lomaTHo, ripukasanu cy npartefin mexaHwsMu ¥ KoMmmoHehte ruiardopme Oracle GraalVM
KOjU €& KOPHCTE NPUIMKOM W3BpLIABama ¥ OONaKy M KOJM YMHE Je0 CaBpeMEHHX Ge3CepBepCKHX
apxXUTEKTYpa 33 AW3ajH U UCropyKy codireepa y obnaky.

Y 4eTBpTOj MIaBM JaT je Tperel CaBpeMEHHMX TEXHHKA CHUMAama W pajloBa Koju ce Oape
ONTHMH30BAHKEM LCHE W3BplIaBara y oOmaxy. TexHuKe CHHMAMa CY KATErOPHCAHE IO OTICETY, O
TEXHUKA KOj¢ CHWMA]y YMTABO CTamke CHCTeMa, NMPEKO TEXHUKA KOje CHHMAJY CTAEE MpPoLEca MM
AeJIoBa MpoLeca, W Crelyjali30BalnX TEXHHUKA 32 CHUMAae MPOoLeca OKpYIKeIba 3a H3BPIIABAELE, /10
TEXHHKa CHHMAama WHAMBMAyanHux ofjexara. ¥V oKBHpY CBake Kareropuje je MpyKeH CHCTEMAaTCKH
OCBPT Ha HAYYHE PajoBe M JIOTIPHHOCE,

Y 1eToj MIaBM NPHKA3aH je CUCTEM 3a JHPEKTHO CHMMAHE W JC/bee cHMMaka nojiataxka (Doss).
Orucana cy miapHa cBojcTRa chcTeMa Doss U JaT je OTUC JONPHHOCA KOje CHCTEM MpPY>Ka y OfHOCY
Ha caBpeMeHe TexXHHMKe CHMMamba nojaraka y obmaky. IlpyxeH je metasan onMc apXUTEKType
cuctema Doss, onepaumja koje cucteM [Doss NpyKa, MHTerpauuja cuctema Doss ca OKpYIKEILEM 3a
M3BPIIABALE, KA0 M OCHOBHH cllyuajeBH ynorpebe cuctema Doss.

Y lnecroj maem npHKasaHu cy AeTabu UMILIEMEHTaUuje cuctema GraalDoss y IporpaMcKoM jesuKy
Jasa, y oxeupy mnardopme Oracle GraalVM. TlpuxazaH je nporpamcku untepdejc cucTeMma
GraalDoss, y3 npatehe nujarpame apxuTekType cuctema. [Ipukasanu ¢y npumepu ynotpebe, Kao H
KOHUENTyasusaluja uHrerpanyje cuctema GraalDoss y caBpemeHe pajiHe OKBHpE 3a Ge3cepBepcko
M3BpLIARARE Y 00/TaKy.

Y ceamoj rmasu TipencTaBJbeHa je epaiyaumja cuctema GraalDoss. Omucan je ckyn pediepeHTHHX
TECTOBE, KA0 M MHKPO U Makpo eKClIepUMeHaTa HAMEH-EHHX eBallyauujy nep(opMaHCH U CBOjcTaBa
cucrema GraalDoss. Eranyaumja ce cactoju of 106 TecTopa KOPeKTHOCTH W pOOYCTHOCTH,
esalyanMje nepopMaHcH Ha HMBOY WHAMBMAYallHHX onepaiija cuctema GraalDoss, ynopeno ca
TEOPHJCKUM MAKCHMyMHMa Kao M nepdopmaHcaMa caBpeMeHux OuOnuoTeKa 3a cepHjanMzauujy y
OKBHPY €KOCHCTEMA TIPOTpaMCKOr jesuxa Japa, W epaiyaudje ckamupama cucrema GraalDoss na
MHKPOCEPBUCHE arinkanuje y o0naky u annykaijje koje oNepuuly Hal BEJMKHM NofatuMa. ¥ oBoj
raBu je raxolje NpyKeHO KBANMTATHBHO M KBAHMTHMTATHABHO Nopefjerme NPEMIOKEHOr pellera,
onHocHo cucteMa GraalDoss, ca peneBaHTHUM TeXHUKaMa ONTHMHU3ALUjE u3BpLIaBara y 007aKy.



Y 0cMoj rmaBM aTo je KBaNWTaTHBHO M KBAHTHTaTHBHO nopelieme rpeniokenor peleta (Doss) u
merose pedepentue ummemenraunje (GraalDoss) ca MoaepHUM TeXHMKama cHumama. Jara je
ynopeHa aHanu3a 3ajeJHO ca aHaaH30M fepdopMaHcH cHUMamkba objekara.

VY nepeToj maBM OJUCKYTOBaHY cy (GakTopu KOjH MOTY YTHUATH Ha BaJMAHOCT ZOOH]CHHMX pes3yiTara,
Kao U jeJMHCTBEHM M3a30BM MHTerpauuje cucrema GraalDoss y OKBUPY OKpyMXema Koja CTaBJbajy
akueHaT Ha 6e30enHOCT 1 MITHUMAaNHY ONI3WR aTuIiKalvja.

Y AeceTo] INaBM ATH CY 3aKBYULM W HA3HAMEHH MpPAaBlLH Aa/bel HCTpaskHBarka. Y IOAaTKy A
NpHKA3aH Cy JEeTabHH Pe3yNTaTd esanyauuje Haja ckyrom pedepentrux objexara y tabenapHom
MpHKasy. rae ce suzae nepdopmance cucrema GraalDoss ynopenHo ca nepdopMaHcamMa caBpeMeHHX
OubnuoTeka 3a cepHjanuzaijy y OKBUPY €KOCHCTEMa MPOrpaMCKor je3uka Jaga.

5. 3ak/by4aK u NPeJIor KOMECH]e

Pesynratn kangupata Heana Puctopuha npenctaB/meHM y [IHCEpTALMjH €Y OpPHTHHAIHM,
HEeTPHUBH]jadHU M JAajy 3HauajaH JOTpPHHOC TeXHHKaMa W3BplIaBama y obnaky, nocebHo obmacru
KOMIUJIATOPa U OKPYIKEEHA 32 M3BpILaBame Iporpama. Pazeoj cuctema Doss olTUcaHOr y AUCepTaltji
NOJpasyMeBa0 je MNPUMEHY pPazNUYHTHX TEeXHUKA KOMIIHJIATOpa H OKpYXKeiha 33 H3BpIIABaEC
nporpaMa. ¥ TOKY H3pajle Iuceprauyje, KaHauaar je 00jaBuo NeT HayuHHX PajoBa: Ofl KOjUX jefaH ¥y
HHTepHAUMOHANHOM yaconuey ca SCI nucTe, jefaH paj y HallHOHaJHOM YACOTIHCY, jeflaH CaMOCTalHN
pal, Kao M jJBa paja Ha koH(epeHumjama. Ilopex Tora, xanaugar je objaBuo jenad nareHT y
Cjenumennm Amepuuxum [pxapama. Kangunar je rtakolje npencraEvo cepaM caoriutema Ha
xoHdepenuujama (lTamMnasa y 300pHHIMMA W3BOA).

Hokropcka auceprauja je ypalieHa npema ono6peHo] NpHjaBH M TNpPeACTABba OPUTMHAMHO U
CaMOCTATHO HAay4yHO JAEJ0, NMa KOHCTAaTyjeMo [a CYy C€ CTeKIM YCIIOBH 3a HeHY jaBHY ogbpady. 30or
CBETZ HaBeAEHOT, NpeiaxeHo HacraBro-nayunom sehy Marematnuxkor cakynrera ga npuxeary
NPeRNIoXKEHH TEKCT Ka0 NOKTOPCKY HHcepTaiujy kaHaupaata Yeana Pucrosuhia u ofipesu komucujy 3a
jaBHY onfpany.



VY beorpany, 27.04. 2026. roguHe.
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To the Educational-Scientific Council
of the Faculty of Mathematics,
University of Belgrade

At the 432nd session of the Educational-Scientific Council of the Faculty of Mathematics, University
of Belgrade, held on 24th April 2026, we were appointed as members of the Committee for the
evaluation of the doctoral dissertation topic

Direct Data-Snapshotting and Snapshot Sharing Across Cloud-Native
Applications

of candidate Ivan Ristovié. The mentor of this doctoral dissertation is Prof. dr Milena VujoSevié
Jani¢i¢, associate professor at the Faculty of Mathematics. The Committee has reviewed the
submitted material and hereby submits to the Council the following
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Personal information
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Place and date of birth: Uzice, 17. 01. 1995, rogune
Qualification: Master informatician

e

Email: jvanristovicl@matfbg.ac.rs

Education
He graduated from the UZice Gymnasium in 2014, receiving the "Vuk KaradZi¢" award for
distinguished performance. He finished BSc studies in September 2017, as part of the Informatics
group at the Faculty of Mathematics. He finished MSc studies in July 2020. He enrolled in the
PhD program at the Faculty of Mathematics in October 2020.
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classes for the following master's studies courses: Software development I and Software
verification. In the period from June 2021 to April 2023, he worked as a Researcher, as part of the
research collaboration between the Faculty of Mathematics and the Oracle Labs research center in
Belgrade. Since April 2023, in addition to his employment at the Faculty, he has worked as a
Senior Researcher at Oracle Labs.
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3. Subject of the doctoral dissertation

The subject of this dissertation is a system for direct snapshotting and data-snapshot sharing (Doss)
across multiple application instances during execution. Doss captures direct snapshots of live heap
objects, i.e., without transformations associated with serialization in traditional environments. Doss
loads snapshots in constant time and shares snapshots across multiple instances of an application
without wasting processing time and memory for data deserialization. Doss enables efficient data
pre-initialization in microservice and serverless applications, improving microservice application
latency and initialization times of serverless functions. Because Doss operates during program
execution, it is possible to version-control and dynamically replace application data without restarting
or rebuilding the application. Sharing Doss data snapshots yields constant data-memory usage across
multiple application instances, compared to linear data-memory usage in traditional environments.

The architecture of the Doss system for direct snapshotting and snapshot sharing is presented as an
abstract concept and then implemented within the GraalVM ecosystem (GraalDoss), as an extension
to the GraalVM virtual machine and the accompanying garbage collector. GraalDoss is evaluated on
a novel cloud-native benchmark set. The benchmark set includes basic operational correctness and
robustness tests, microbenchmarks for evaluating snapshotting and loading performance, and
multi-instance microservice applications that share data and preprocess large datasets.

GraalDoss achieves constant-time deserialization speed, which, compared to modern Java
serialization libraries, provides a speedup of several orders of magnitude. Constant-time
deserialization gives a four-order-of-magnitude speedup in natural language processing (NLP)
applications when applied to an input of 3,000 tokens. GraalDoss improves the first-response times
of microservice web applications by 34% and reduces the total system memory usage for eight
microservice instances by 44%, enabling twice as many application instances to be spawned within
the same memory constraints.



4, Dissertation outline

The dissertation spans xiv+140 pages and contains ten chapters, one appendix, and 413 bibliographic
units.

The first chapter introduces the dissertation. presents its most important contributions. and presents its
outline.

The second chapter describes the fundamentals of cloud computing, covering virtualization
techniques, service delivery models, cloud software architecture, and software execution costs. It
highlights current challenges and reviews optimization techniques that reduce the cost of executing
software in the cloud.

The third chapter covers the Oracle GraalVM platform, detailing the Graal and Native Iimage
compilers. It presents the supporting mechanisms and components of Oracle GraalVM essential for
modern serverless architectures for executing software in the cloud.

The fourth chapter reviews contemporary Checkpoint/Restore techniques and studies that address
cloud execution-cost optimizations. These techniques are categorized by their scope — ranging from
techniques that capture the entire system state, through those that capture process or partial process
states, and specialized methods that record language-runtime processes, down to techniques that
capture individual objects. Each category is accompanied by a systematic review of scientific
advances and contributions.

The fifth chapter presents the Direct Object Snapshotting and Sharing (Doss) system. It describes the
main features of Doss and outlines its contributions relative to modern Checkpoint/Restore
techniques in the cloud. It gives a detailed description of Doss's architecture, operations, and
integration with the execution environment, as well as an overview of primary use cases for Doss.

The sixth chapter presents the Java implementation of the GraalDoss system within the
Oracle GraalVM platform. It outlines the GraalDoss API alongside architecture diagrams, presents
usage examples, and conceptualizes the integration of GraalDoss into modern serverless execution
frameworks.

The seventh chapter presents the evaluation of the GraalDoss system. It describes a test suite along
with reference micro and macro benchmarks designed to assess the performance of GraalDoss. The
evaluation comprises 106 correctness and robustness tests, performance assessments of individual
GraalDoss operations compared to theoretical maxima along with modern Java serialization libraries,
and scalability tests on microservices and big-data processing applications. The chapter also provides
a qualitative and quantitative comparison between GraalDoss and state-of-the-art Checkpoint/Restore
techniques.

The eighth chapter presents a qualitative and quantitative comparison of the proposed solution (Doss)
and its reference implementation (GraalDoss) against the state-of-the-art Checkpoint/Restore
solutions. It gives a comparison of both features and snapshotting operation performance.

The ninth chapter discusses factors that might affect the validity of the obtained results and explores
the unique challenges of integrating the GraalDoss system into security-centered and
latency-sensitive environments,



The tenth chapter presents conclusions and outlines future research directions. Appendix A displays
detailed evaluation results on a set of reference objects in tabular form, showing the performance of
the GraalDoss system alongside that of modern Java serialization libraries.

5. Conclusions and Committee suggestions

The results presented by the candidate Ivan Ristovi¢ in his dissertation are original, non-trivial, and
make a significant contribution to cloud-execution optimizations, particularly in the areas of
compilers and language runtimes. The development of the Doss system described in the dissertation
involved the application of various compiler techniques and language-runtime optimizations. During
the course of the dissertation, the candidate published five research papers: one in an international
journal listed in the SCI index, one in a national journal, one independent paper, and two conference
papers. In addition, the candidate has filed one United States Letter Patent. The candidate also
participated in seven conference talks (published as conference abstracts).

The doctoral dissertation was completed in accordance with the approved proposal and constitutes an
original and independent scientific work; therefore, we confirm that the conditions for a public
defense have been met. For all the above reasons, we hereby suggest that the Faculty of Mathematics
accept the submitted text as the doctoral dissertation of Ivan Ristovié¢ and appoint a committee for the
public defense.
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