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Pedepar:

1. Y nuceprauii po3risiHyTi BUAY NapajesbHUX Ta PO3MOAIIEHUX CUCTEM Ta iX XapaKTEpPUCTUKH, 30KPEMA [ETATbHO
PO3IyIsiHYTI Mozeli akTopiB Ta Map-Reduce, sik yHiBepcasibHi Mofieli NapajieIbHUX 004K C/IeHb, 3 MINPOKUM
[IPaKTUYHUM 3aCTOCYBaHHSM. B TOI1 e yac 1oKasaHo, 1j0 MOJeJib aKTOPIiB X04a i € THy4YKOI0 i 6e3[1eYHOI0 [IpU
po06OTi 3 JaHKMMU, B Hill BiICYTHi €(peKTUBHI ClIOCOOM MUTTEBOI B3a€EMOIii — MapasesIbHOTO 3alMCy YU YUTAHHS
CITiJIbHOI aM’AITi, IO € y’Ke BaXKJINBOIO OCOGIMBICTIO HE TiJIbKY /171 TPAKTUYHOTO 3aCTOCYBaHHY, a SIK IIOKA3aHO i
L7151 OKPEMOTO KJIacy 33724 — CTOXaCTUYHOI I71006a/IbHOI ONITHUMI3alii, Ha MpuKiIazi 3a7adi poto 4acTokK. [Ijis BBeleHHS
IIPUMITHBIB CIiJILHOI TaM’SITi Y aKTOPHY MOJI€JIb 3alIpOIIOHOBAaHO BUKOPUCTATU NTPeJMETHO-OPi€HTOBaHUH MifXif, —
BM3HAUYE€HO CMHTAKCHUC i FpaMaTUKy IPeIMETHO-OpieHTOBaHOI MOBY Strumok. LIst MOBa € pO3BUTKOM ifeit
BizyasnbHOro (Visual Akka) Ta npegmeTHo-opienToBHOrO (Flow) onucis akropHoi Mozeni Ha ¢ppeiimopui Akka. Li

Mozesi po3mypuiy 6a30By akTOPHY MOJieJib BUBHAYEHHIM iHTepdeiicy B3aemofiii akropa. Lleit inTepdeiic



BM3HAYa€ CIKCOK ITOBiOMJIEHb SIKi MOKe 06POOUTH aKTOP — TaK 3BaHUU CIIMCOK METOJiB aKTOpa; CTPOTrO
THUIIi30BaHUM POPMAT apryMeHTIB IUX MeTO/iB; GOpPMaT IOBifOMJIEHb (3BOPOTHUX 3HAYEHB) SIKi MOKYThb OyTH
CTBOPEHI y pe3ysbTaTi 06po6KHU LbOro MOBifoMIIeHHS. Lle Hafae 3MOTy e Ha eTani TpaHCsLii/ KoM
Bi3yaJIbHOI 4l [IPEIMETHO-OPi€HTOBaHOI MOBY BUKOHATH CTAaTUYHY IIEPEBIPKY TUIIIB Y BCiX B3a€MOiSX aKTOPIB.
Kpim TOro, BUKJIMKM METOZIB Ta BifilIpaBKa Pe3yJIbTaTiB y Lill MOJeJi € abCTParoBaHUMU — TaKUM YUMHOM OKPEMUI
aKTOp CTa€ i30JIbOBAHMUIA Bifl CBOrO 30BHIIIHbOIO KOHTEKCTY BUKOHAHHS, JeJIeTyI0ud KOHKPETHE 3B'sI3yBaHHS
METO/IiB aKTOpa aKTOPY BUILOIO piBHA. Takuii MexaHi3M pOOUTh MOKIMBOIO KOMIIO3ULLiI0 6araTbOX aKTOPIB;
IIO3BOJISIE TIEPEBUKOPHUCTOBYBATH BXXe PO3pO6JIeHi aKTOPU y iHIIKX MTPOTrpaMHuX cuctemax. ['i6puaHa Mojenb
Strumok, y cBoo yepry, po3ImrpIoe IpeIMeTHO-OPieHTOBaHy aKTOPHY Moesb Flow omaBaHHSM IIPUMITHBIB
CIIiZIbHOI NaM’sITi Ta aCUHXPOHHOIO BUKOHAHHS METOIiB. [IJ151 KO>KHOI KOMipKHU CITiJIbHOI aM’4Ti y akTopa
BM3HAYAETHCS OJIMH 3 MOXJIMBUX MOIMAQIKATOPIB CIIOCOOY ii CHiJIbHOTO BUKOPUCTAHHS (IPU3HAYEHHS]): TIIBKY JJ151
YUTAHHS, TIJIBKYU OJI5 3aMUCY, YUTAHHA i 3anucy. st 3SMiHHUX $IKi JOCTYIIHI TIBKY [J1S1 MDDKQKTOPHOTI'O CIIiJIbHOTO
YUTaHHS Y4 3al1CY MOXKJIMBO BUIIIUTYA OKpeMy 00J1acTh, SIKa B paMKax By3Jla JO3BOJIUTb [TPOBOJIUTY IIapajiesibHe
YUTaHHS 44 3anuc 6€3 HeoOXiAHOCTI MDKaKTOPHOI CUHXPOHI3allii 32 OIIOMOroI0 [IOBiIOMJIEHb, IPU LIbOMY Ha iHIIUX
By3J1ax LI 0671acTh Oyjie periikoBaHa y peasbHOMY 4aci (To6To Ha iHIKX By3Jax Oyze iCHyBaTH 3aTpMMKa 3aIuCYy,
abo BifCTaBaHHS 4acy OCTaHHIX JOCTYIHUX OAHUX IJISI YUTAHHS, SIKa CKIIaJaTUMe 4acy MepeXeBOoi 3aTPUMKHU MK
IIBOMa By3JIaMU y MepeXxi). 17151 CIiIbHUX 3MiHHUX 3i 3MilIaHUM MOAU(IKaTOPOM BUKOPUCTAHHS, HEOOXiIHO BBECTU

IOJATKOBUM piBeHb aOCTPaKLii AJ1s1 3a6e3neyeHHs 6e311e4YHOr0 NOCTYIY [0 CHIJIbHUX JaHUX.

2. The thesis considers the types of parallel and distributed systems and their characteristics, in particular the
models of actors and Map-Reduce, as universal models of parallel computations, with wide practical application. At
the same time, it is shown that the actor model, although flexible and secure when working with data, it lacks
effective ways of instant interaction - parallel writing or reading shared memory, which is an important feature not
only for practical application, but as is also shown for a separate class of problems - stochastic global optimization,
on the example of the problem of a swarm of particles. To introduce primitives of shared memory into the actor
model, it is proposed to use a domain-specific approach - thus the syntax and grammar of the domain-specific
language Strumok are defined. This language is a continuation of the ideas of visual (Visual Akka) and domain-
specific (Flow) definitions of the actor model on the Akka framework. These models extended the basic actor
model by defining an actor interaction interface. This interface defines a list of messages that can be processed by
the actor - the so-called list of methods of the actor; strictly typed format of arguments of these methods;
message format (return values) that can be created as a result of processing this message. This allows to perform a
static type check in all interactions of actors at the stage of translation / compilation of visual or domain-specific
language. In addition, the method calls and results in this model are abstracted - thus the individual actor becomes
isolated from his external execution context, delegating the specific linking of the actor's methods to the higher-
level actor. This mechanism makes it possible to compose many actors; allows to reuse already developed actors in
other software systems. The Strumok hybrid model, in turn, extends the domain-specific actor model Flow by
adding primitives of shared memory and asynchronous execution of methods. For each shared memory cell, the
actor determines one of the possible modifiers of the way it is shared (usage intent): read-only, write-only, read-
write. For variables that are only available for inter-actor sharing or writing, it is possible to define a separate area
that will allow parallel read or write within the node without the need for inter-actor synchronization via
messages, while on other nodes this area will be replicated in real time (replicated nodes will have a write delay, or
lag time of the last available data to read, which will be the network delay time between two nodes in the network).
For shared variables with a mixed usage modifier, additional level of abstraction introduced to ensure secure
access to the shared data. Based on all read and write interaction of the mixed cell of shared data, a finite
automaton is generated, which describes the states of the sub-actor in which the interaction with the cell of
shared data is isolated. In this way, each mixed cell of shared data creates a finite set of secure areas for parallel
writing or reading. But unlike the unidirectional case, in a mixed cell, each area can only execute a specific
subroutine (set of operators). That is, those parts of the actor's program logic that fall into the area of a finite
automaton are executed on a separate sub-actor with an isolated cell of shared memory. In the case of



simultaneous overlapping areas, the sub-actor message queue is used to ensure the synchronization of the shared
data cell. At the level of the syntax of the domain-specific Strumok language, each variable of the shared data is
described by adding the modifier keyword. Depending on the selected modifier, the translator selects the desired
model for representing this shared variable. It is important to note that the generated finite automaton for the
representation of a common variable, allows in an asynchronous (non-blocking) style to control the execution of
methods of all actors who are in the area of a mixed common data cell. That is, if multiple actors need to be
synchronized to process a cell, their program threads will not be occupied, and the context of the current
execution will be saved (closure is created) to continue processing after receiving the results of the computations
on the shared variable. The thesis shows that such asynchrony can also be introduced for the interaction of
different actors with each other, and thus allow in the actor method to freely call the methods of other actors with
asynchronous awaiting of the results of their execution.
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