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KoBanenko TarbsiHa AHaToJbeBHA, JOMCHT Kadeapsl uHpOpMaTHKA
BBIUMCIUTEbHAS TEXHHWKA, KaHAWAAT TEXHUYECKUX HayK, [lOBOIDKCKUMI
rOCYJIapCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAIIMK U uH(popmaTuky, . Camapa
IIepeneyenosa JIlnana HNabaaposBHa, OakayiaBpuar, [ToBoJDKCKMI
rOCYJIapCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAIMK U uHpopmaTuky, T. Camapa
DATAFLOW YHUBEPCAJIBHAS ITAPAJUT'MA CO3JIAHUSA SA3BIKOB
JJISI BECIHOBHOTI'O ITPOTPAMMMPOBAHUSA 'ETEPOTI'EHHBIX
PACITPEJEJIEHHBIX CUCTEM

AnHoOTanus. B crarbe paccMaTpuBaeTCs CUTYaIUsl HA PHIHKE COBPEMEHHBIX
BBIYUCIIUTEIBHBIX CHCTEM, XapaKTEePU3YIOMIAsiCA CTPEMHUTEIbHBIM pPa3BUTHEM
pacnpeiei€HHbIX U TeTePOreHHbIX AapXUTEKTYp, OOBEAUHSIONIMX O0JIaYyHbIe
wiatrgopmel, edge-ycrpoiictBa u  loT-undpactpykrypy. Otmedaercs, dYTO
TpaJAUIIMOHHbIE MMIEPATUBHBIE MOJEIU MPOTPAMMHUPOBAHUS HE CHPABISIOTCS C
BbI30BAMH, MMOPOKIAEMBIMU TAaKOW CPEIOii: OHM HEJOCTATOYHO MACIITAOUPYEMBI U
IUIOXO  TOAJIEPKUBAIOT  TMEPEHOCHUMOCTh MEXAYy IuiargpopMaMu. ABTOPBI
oT4EPKUBAIOT HEOOXOAMMOCTD TIEpexo/1a K 0oiee abCTPAKTHBIM U IEKIapaTUBHBIM
MOJIX0/JaM, CIIOCOOHBIM CKPBITh  CJIOXHOCTh  YIPABJICHHS  Pa3HOPOIHBIMHU
pecypcamu. B KkadecTBe MEPCHEKTHUBHOTO PEIICHUS Mpearaercsi KOHIIEHIIUS
IpEeAMETHO-OPUEHTUPOBAHHOIO si3blKa MporpammupoBanus (DSL), ocHoBaHHOTO
Ha dataflow-mapagurme. Takol S3bIK TIO3BOJISIET OMUCHIBATH BBIYUCIUTEIHHBIC
porecchl B BUjae rpadoB MOTOKOB JAHHBIX, YTO OOECIEYMBAET €CTECTBEHHYIO
NOJJIEPKKY Mapajulesiu3Ma, ACUHXPOHHOCTH M pacnpenenéHHoctu. B pabdore
JNEeTaNU3UpYyIOTCsl KitoueBble TpeOoBaHusa K DSL: neknapaTtuBHOE 3alaHue
OTIEpPaTOpPOB M CBSI3€H, MUHAMUYECKOE IUIAHUPOBAHUE C YUYETOM JOCTYIHBIX
pecypcoB, anHHOTHUpOBaHue TpeboBanuii k ucnoauenuto (CPU, GPU, FPGA u np.),
a TakKe ONTUMHU3AlMS TMepe/layd JaHHBIX B reorpaduyuecku pacrnpeesIéHHBIX

cpenax. IlpenmaraemMas apXWUTEKTypa BKJIIOYAET MOJYJIbHbIE a0CTpakUMM —
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OTIepaTOPhl, TOTOKH U JOTHYECKUE Pa3eibl Tpada, — YTO yIPOIIAET KOMIIO3HUITUIO
U TIOBTOPHOE WCIOJb30BaHUE KOMMOHEHTOB. (Oco0oe BHHUMaHHUE YJIEISIETCS
aJanTUBHOCTH: CHCTEMa aBTOMATHYECKH pearupyer Ha W3MEHEHHUS Harpys3KH,
OTKa3bl y3JI0B M TMHAMHUKY JIOCTYIHBIX pecypcoB. B 3axirouenune noquépruBaercs,
9TO pa3pabOTaHHBI MOJXOJ CHOCOOEH CYIIECTBEHHO YIPOCTUTh CO3/JaHHE
HaA&KHBIX, MAaCIITAOUPYEMBIX U TIEPECHOCHMBIX TPUIIOKECHHUN NJIT COBPEMEHHBIX
TUOPUTHBIX BEIYUCIIUTEIBHBIX CPEI.

Annotation. The article addresses the current state of the modern computing
systems market, marked by the rapid advancement of distributed and heterogeneous
architectures that integrate cloud platforms, edge devices, and IoT infrastructure. It
1s observed that traditional imperative programming models fail to meet the
challenges posed by such environments—they lack sufficient scalability and offer
poor support for cross-platform portability. The authors stress the necessity of
shifting toward more abstract and declarative approaches capable of concealing the
complexity of managing heterogeneous resources. As a promising solution, the
paper proposes a domain-specific language (DSL) grounded in the dataflow
paradigm. This language enables computational processes to be expressed as
dataflow graphs, thereby providing natural support for parallelism, asynchrony, and
distribution. The paper elaborates on key requirements for the DSL: declarative
definition of operators and their interconnections, dynamic scheduling based on
available resources, annotation of execution requirements (e.g., CPU, GPU, FPGA),
and optimization of data transfer in geographically distributed environments. The
proposed architecture incorporates modular abstractions—operators, data streams,
and logical subgraphs—facilitating component composition and reuse. Special
emphasis is placed on adaptability: the system automatically responds to variations
in workload, node failures, and changes in resource availability. The paper concludes
by underscoring that the proposed approach has the potential to significantly
simplify the development of reliable, scalable, and portable applications for modern

hybrid computing environments.



KumroueBnblie ciaoBa: dataflow, pacripeneneHHbie CUCTEMbI, UHTEPHET, TAPaIUTMBlI,
UMIIEPATUBHBIE MOJICIIH.
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CoBpeMEHHbIE BBIYMCIUTENBHBIE CUCTEMBI 3BOJIOLMOHUPYIOT B HAINpPaBICHUU
pacnpeen€éHHOCTH U TeTePOreHHOCTH, OOBEANHSIS IIUPOKHU CIEKTP PECYPCOB —
OT MacHITa0HBIX LEHTPAIM30BAHHBIX OOJAYHBIX IUIATPOPM 10 NepUpepUiTHBIX
yctpoiictB unHtepHera Bemied (IoT). Takasi TeHAEHUMSI TPEABSBISET CEPhE3IHBIC
BBI30BbI pa3pa0doTuMKaM, KOTOPbIM HEOOXOJIMMO YYHUTHIBaThb pa3zHooOpasue
anmnapaTHbIX U IPOrPaMMHBIX XapaKTEPUCTHK KaXKI0M Cpeibl U CO34aBaTh CI0KHbBIE
mabJOHHBIE pELIEeHUsT [Js KOOPAMHALIMM, Mepelayd JTaHHBIX M OOecreyeHus
HazexxHocTU. MccnenoBanusi AEMOHCTPUPYIOT, YTO TPAJAULIMOHHBIE UMIIEPATUBHbBIE
MOJIENId MPOrpPaMMHUPOBAHUSA HEAOCTAaTOYHO 3(PPEKTUBHO pabOTAIOT B YCIOBUSX
pacnpeneNéHHbIX M TE€TEPOr€HHBIX BBIUMCIUTENBHBIX HHQPPACTPYKTYp, UTO
3aMeJUISIET MpoLEecChl  pa3pabOTKH, YBEIMUYMBAET BEPOSATHOCTH OIIMOOK H
OPENATCTBYET MEPEHOCY MNpUWIOKEHUM Mexnay miatdpopmamu. lLlens maHHOrO
UCCIIEIOBAHMSI — CO3[aHME KOHLENTYaIbHOW OCHOBBI JUIA IPEIMETHO-
OpHMEHTHUPOBAHHOTO si3bIKa mporpammupoBanusi (DSL), ocnoBannoro Ha dataflow-
napagurme, npeaHa3HaueHHOTo Ui €IMHOOOPa3HOI0 ONUCAHUS BBIUUCIUTENbHBIX
IIPOLIECCOB, paclpeleNEHHbIX 110 Pa3HOTHUIIHBIM pecypcaMm. Takol S3bIK MpPU3BaH
CHU3UTh  HEOOXOJUMOCTh  PYYHOrO  yOpaBieHUS  UHPPACTPYKTYpol U
CUHXPOHHM3ALMEN dYepe3 JEKJIapaTUBHOE OINHCAHME IIOTOKOB JAaHHBIX U HX
ABTOMATU3HPOBAHHOE BBIIIOJIHEHUE B CMELIAHHBIX BBIYMCIUTENBHBIX CpPEIaXx.
AKTyalbHOCTh PpabOThl TMOATBEPKAACTCSI MOBCEMECTHBIM PaCIpPOCTPAHEHHUEM
ruopuHeiX obnakoB, edge computing u loT, rae npenctaBiaeHHBIM NOAXO.N
CIOCOOEH 3HAUYUTENBHO YIPOCTUTH MPOIIECC pa3padOTKHU.

CyuiecTBytomme napaaurMbl IPOrpaMMHUPOBAHHUS JEMOHCTPUPYIOT
(dyHIaMeHTaJIbHbIE OTPAHUYEHUS IPHU PabOTE C T€TEPOr€HHBIMU pacIpeieIEHHBIMU
cucteMaMu. IMniepaTuBHbIN  CTWIIb, Oaszupyrouuiicss Ha (HOH-HEHMaHOBCKOM

APXUTEKTYpE, OIrPAHUYEH  IIEHTPAJIM30BAHHOW  MOJEIBIO  yIPaBICHUS U
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B3aMMOJICHCTBHS «Tporieccop-namsTh». Kak ormeuaercs B padore [5, ¢.29]: «C
POCTOM YPOBHSI pacrapajUieJIMBaHus CTAaHOBHUTCS Bc€ Oosee MpoOIeMaTUYHBIM
3¢ (}eKTUBHO 3arpykath BO3pociiee YUCIO (PYHKIIMOHAIBHBIX Y3JI0B, HCIOJb3YS
TpaJAUIIMOHHbIE (DOH-HEHMAaHOBCKHE MOAXOMBD». IJTOT AUCOaTaHC MPUBOIUT K
3aTPpyAHEHUSM MACIITA0UPOBAHUS M CHKEHHUIO d(PPEKTHBHOCTH HCIIOIH30BAHUS
BBIYHCIIUTEIBHBIX PECYPCOB. ATbTEPHATHBHBIC TTAPAIUTMBbI, TAKHE KaK COOBITHITHO-
OpUEHTHUPOBAHHAS WM aKTOpPHAs MOJENH, OOECIEUYMBAIOT IYUIIYI0 MOIICPKKY
ACMHXPOHHOCTH, HO TpeOyIT OT pa3pabOTUYMKOB 3HAYUTEIBHBIX YCHUJIMH IO
yOpPaBICHUIO COCTOSHUSMU M paclpelneieHneM 3aaad. PydHas opkecTpanus
KOMIIOHEHTOB ¢ pa3iauyHbiM amnmapatHeiM obecneyenuem (CPU, GPU, FaaS,
MHUKPOCEPBHUCHI) TMPUBOJUT K TPOMO3JIKOMY H OIIMOKOEMKOMY KOy, TIPH STOM
3aTpyAHSAS NMEPEHOCUMOCTh M3-3a JKECTKOM 3aBUCUMOCTH OT KOHKpeTHbhIX API mu
UH(QPACTPYKTYPHBIX OcoOeHHOCTel. ['JlaBHbIe TpPOOIEMBbI: BBICOKAs CIOXKHOCTb
JIUCTIeTYepU3alui, O0eCleyeHue YCTOMYMBOCTH B JAMHAMUYECKH MEHSIOIIMXCSA
YCIJIOBUSIX, HU3KUN YPOBEHb aOCTPAKIIMU OT IT€TEPOTreHHOM Cpellbl U OTpaHUYEHHBIC
BO3MOXKHOCTH JIJI1 aBTOMATHYECKOM ONTUMHU3ALMKM TepeJayd JIaHHbIX U
IUTAHUPOBAHUS BBIYMCIICHUH. DTH aCMEKThl CYIIECTBEHHO OCIIOXKHSIOT Pa3paboTKy
MacmTabupyeMbix 1 3(PGEKTHUBHBIX  NPUIOKEHUW NI COBPEMEHHBIX
pacupeneneHHbIX CUCTEM.

Dataflow-napanurma, mpeayiararoniasi peAcTaBIeHUe BBIYMCICHUN B BUJie rpada
OTEepaToOpoOB, CBA3AHHBIX ACHHXPOHHBIMH  TOTOKAMHU  JIaHHBIX,  CIY>KUT
YHHUBEPCAJIIBHOM OCHOBOW ISl IPEOAOJIEHUSI 3TUX OrpaHuYeHui. JlaHHas MOJesb
€CTECTBEHHO OTpaXKaeT NPHUPOAY pPACHpPEACIEHHBIX BBIYUCICHUH, TaK Kak
OTepaToOphl UCTIONHSIOTCS HE3aBUCHMO B MOMEHT TOTOBHOCTH BXOJIHBIX JaHHBIX,
yCTpaHEHHEM HEOOXOIWMOCTH B TJIO0AJTBbHOM COCTOSHUM M LEHTPaIU30BaHHOM
koHTpotie. Kak nmomgu€pkuBaercss B uccienoBanuu [3, c.4]: «AJITOPpUTMHYECKHUI
rpad naét rimybokoe MoHUMaHNEe MEXaHU3MOB PACTIPOCTPAHEHUS U TPaHCPOPMAITHH
JAQHHBIX», YTO KPUTHUYHO TSI ONTHMH3AIMN TapajuIeIbHBIX cucteMm. Dataflow-
MOJX0J] 00eCleynBaeT BHICOKHI YPOBEHb aOCTpaKIMu, MO3BOJSSA JEKIAPATHUBHO

OMKCHIBATH JIOTUKY OOpaOOTKM JaHHBIX 0€3 MPUBA3KU K JeTajsiM peanu3auuu. B
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pe3yibTaTe OH SIBISETCS ONTUMAabHOU Oaszoi 1yst co3nanus dpdextuBabix DSL,
KOTOPBIE CKPBIBAIOT CIO0KHOCTh I'€T€POr€HHBIX BBIUUCIUTEIBHBIX CPEJ. DBOIIOIUS
pacrnpeeI€éHHBIX BEIYUCICHUN U TIEPEeX0]T K 00JaYHBIM TEXHOJIOTHUSM, OTPAKEHHBIC
B [2, c.7] («bu3Hec-cooOImecTBO aKTUBHO pPa3BHBACT HOBBIC CHENHU(PHUKAINY,
NPUBEAIINE K TOSBICHUIO TPAAWIMK OOJAYHBIX BBIYHCIICHUI»), TTOATBEPKIAIOT
CTpEeMJICHHE K YyHUBEpCalIbHBIM MojemsiMm — rae dataflow mpeacraer kak
CIIEYIOIINHN SBOJIOLMOHHBIN JTAIL.

Hcxonga w3 aHanu3a CyLIECTBYIOLIMX OrpaHmdyeHuil u npeumyinects dataflow,
chopMyrpoBaHbl OCHOBHBIE TpeOOBaHUs K pazpadbarsiBacMomy DSL. Bo-niepBbix,
SI3bIK JIOJDKEH MO3BOJISITH JACKJIapaTUBHO 3aaBaTh rpadbl NpeoOpa3oBaHus JaHHBIX,
B KOTOPBIX pPa3pabOTUMK OIpee/sieT OnepaTopbl M CBS3M MEXKIY HHUMH 0Oe€3
HEO0OXOAMMOCTH PYHYHOT'O KOHTPOJIS Napajienu3Ma U pacnpeeneHus. Bo-BTopbix,
HEOOXOJIUMBI BCTPOCHHBIE MEXaHU3Mbl BBISBICHUS HE3aBHUCUMBIX BBIUHMCICHUN U
JTUHAMUYECKOTO MJIAHUPOBAHUS C YUYETOM JOCTYITHBIX BHIYMCIUTEIbHBIX PECYPCOB.
Tperbe TpeOoBaHHME CBA3aHO C TMOJACPKKOM TE€TEPOTCHHOCTH  MyTeM
AHHOTHUPOBAHUsI orepatopoB TpeboBaHusiMu K cpene ucnoianenus (CPU, GPU,
FPGA, namsats). UerBepras BaxxHass 0COOEHHOCTh — 3 (DEKTUBHAS ONTUMH3AIINS
nepenaun TaHHbIX B pacipeeIEHHBIX cpeax ¢ reorpaduueckoil pa3dpocaHHOCTHIO
U BBICOKOM JaTeHTHOCThIO. Kak yka3biBaeTcs B [6, c.1], onTuManbHOE ynpaBieHUE
pecypcamu TpeOyeT ydeTa XapaKTePUCTHK TETePOTCHHOCTH, JIUHAMUKH U
reopacIpeieICHHOCTH, YTO BIHMSIET HA MUHUMH3AIMIO 3aTPaT HA KOMMYHHUKAITUIO U
peanu3anuio pacupeeIEHHOro MIaHUPOBAHUSL.

Apxurektypro DSL onmpaercs Ha KiTt04YeBbIe aOCTPaKIIUU — OTIEPATOPHI, TOTOKH
U pasniensl rpada, KOTOpbIe MPEACTABISIIOT COOO0M JTOTHYECKHE TPYTIIHI OTIEPATOPOB,
CIOCOOHBIE HCIOJHATBCA Kak €JUHOE LEeJNoe Ha 3aJaHHbIX pecypcax. JT1a
MOJYJIbHASI KOHCTPYKIIMS, CX0Xkas C OMMCAHHOM B [8, ¢.56] 1Jis1 BUIEONPOLIECCUHTA
(«anmroputT™m TPEACTaBICH KaK KOH(DUTYpUPYEMBI BBIYUCIUTEIb, COCTOSIIUNA U3
MOCJIEIOBATEIbHO CBA3AHHBIX OMOIMOTEUHBIX OJIOKOBY), 0OecreyruBaeT yao0CTBO
KOMITIO3UIIMA UM  TOBTOPHOTO  HCIIOJB30BaHUS  KOMIIOHEHTOB. MeXaHu3M

AHHOTUPOBAHUSI PECYpPCOB JIa€T BO3MOXKHOCTh  Pa3pabOTUYMKy YKa3bIBaTh
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TpeOOBaHMS K MCTIOJIHEHUIO TIO TUITY YCKOPHUTEINsI, 00beMy MaMsITH M TCOJOKAIIUU.
[TmaHUpOBIINK, UCTIONB3YS 3TU CBEICHHS, aBTOMATHYECKHU PACTIPEEseT HAarpy3Ky
MEX Ty JTOKITBHBIMU KJIACTEPaMH, 00TaYHBIMHU cepBUCcaMu U edge-yCTporCcTBaMH, a
TaK)K€ ONTHUMH3UPYET Tepenady JaHHBIX, BIOUpas 3(G(EKTUBHBIE MapHIPyThl H
IPOTOKOJBI JUIsl COKpAIlleHUsl 3aJepKeK W 3arpar. VcmoiHeHue Moanep:KuBaeT
JUHAMHUYECKYIO ONTUMHU3aLMI0 rpada ¢ afgantanueid K COCTOSHHUIO CHCTEMBI,
W3MCHCHHIO HArPYy3KH U OTKa3aM, 4TO TAPaHTHPYET yCTOWIUBOCTE U d(h(PEeKTHBHOE
UCIIOJIb30BaHUE PECYPCOB. ODTO COOTBETCTBYET LENM, 3asABICHHOM B [6, c.l]:
«obecrieyenue (PPEKTUBHOTO W aNANTHBHOTO YMPABICHUS BBIYHCIATEIHLHBIMU
pecypcamu Ha BCEX ATalax MuX pacipeielICHNs U pEIICHUs 3aa9». TakuM o0pa3om,
DSL  cnocobctByer — O€CIIOBHOMY — IPOrPAMMHPOBAHHUIO  COBPEMEHHBIX
TeTePOTeHHBIX PACIIPEICTIEHHBIX CHCTEM.

Modern computing systems are evolving toward distributed and heterogeneous
architectures, integrating a wide range of resources—from large-scale centralized
cloud platforms to edge Internet of Things (IoT) devices. This trend poses significant
challenges for developers, who must account for the diversity of hardware and
software characteristics in each environment and create complex templated solutions
for coordination, data transfer, and reliability assurance. Research shows that
traditional imperative programming models are insufficiently effective in distributed
and heterogeneous computing infrastructures, slowing down development
processes, increasing the likelihood of errors, and hindering application portability
across platforms. The aim of this study is to establish a conceptual foundation for a
domain-specific language (DSL) based on the dataflow paradigm, designed to
uniformly describe computational processes distributed across heterogeneous
resources. Such a language is intended to reduce the need for manual infrastructure
and synchronization management by enabling declarative description of data flows
and their automated execution in hybrid computing environments. The relevance of
this work is confirmed by the widespread adoption of hybrid clouds, edge
computing, and IoT, where the proposed approach can significantly simplify the

development process.



Existing programming paradigms exhibit fundamental limitations when applied to
heterogeneous distributed systems. The imperative style, grounded in the von
Neumann architecture, is constrained by a centralized model of "processor-memory"
control and interaction. As noted in [5, p. 29]: “With increasing levels of parallelism,
it becomes increasingly problematic to efficiently utilize the growing number of
functional units using traditional von Neumann approaches.” This imbalance leads
to difficulties in scaling and reduced efficiency in computational resource utilization.
Alternative paradigms, such as event-driven or actor models, offer better support for
asynchrony but require significant developer effort to manage state and distribute
tasks. Manual orchestration of components with diverse hardware (CPU, GPU,
FaaS, microservices) results in bulky and error-prone code, while also impeding
portability due to tight coupling with specific APIs and infrastructure peculiarities.
The main problems include high complexity of dispatching, ensuring resilience
under dynamically changing conditions, low abstraction from the heterogeneous
environment, and limited capabilities for automatic optimization of data transfer and
computation scheduling. These aspects significantly complicate the development of
scalable and efficient applications for modern distributed systems.

The dataflow paradigm—which represents computations as a graph of operators
interconnected by asynchronous data streams—provides a universal foundation for
overcoming these limitations. This model naturally reflects the nature of distributed
computing, as operators execute independently as soon as input data become
available, eliminating the need for global state and centralized control. As
emphasized in [3, p. 4]: “An algorithmic graph provides deep insight into the
mechanisms of data propagation and transformation,” which is critical for
optimizing parallel systems. The dataflow approach offers a high level of
abstraction, enabling developers to declaratively describe data processing logic
without binding to implementation details. Consequently, it serves as an optimal
basis for developing efficient DSLs that hide the complexity of heterogeneous
computing environments. The evolution of distributed computing and the shift

toward cloud technologies—reflected in [2, p. 7] (“The business community is
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actively developing new specifications that have led to the emergence of the cloud
computing tradition”)—confirm the drive toward universal models, where dataflow
emerges as the next evolutionary step.

Based on the analysis of existing limitations and the advantages of dataflow, the
following key requirements for the proposed DSL have been formulated. First, the
language must allow the declarative definition of data transformation graphs, where
developers specify operators and their interconnections without manually managing
parallelism or distribution. Second, it must include built-in mechanisms for
identifying independent computations and performing dynamic scheduling based on
available computing resources. The third requirement concerns supporting
heterogeneity through annotations that specify execution environment requirements
for operators (CPU, GPU, FPGA, memory). The fourth crucial feature is efficient
optimization of data transfer in distributed environments characterized by
geographical dispersion and high latency. As stated in [6, p. 1], optimal resource
management must account for heterogeneity, dynamics, and geographical
distribution, which directly affects minimizing communication costs and enabling
distributed scheduling.

Architecturally, the DSL is built upon key abstractions—operators, streams, and
graph partitions, where partitions represent logical groups of operators that can be
executed as a single unit on designated resources. This modular structure, similar to
that described in [8, p. 56] for video processing (“the algorithm is represented as a
configurable processor composed of sequentially connected library blocks”),
ensures ease of composition and component reuse. The resource annotation
mechanism enables developers to specify execution requirements regarding
accelerator type, memory capacity, and geolocation. Using this information, the
scheduler automatically distributes workloads across local clusters, cloud services,
and edge devices, while also optimizing data transfer by selecting efficient routes
and protocols to reduce latency and overhead. Execution supports dynamic graph
optimization with adaptation to system state, workload fluctuations, and node

failures, thereby guaranteeing resilience and efficient resource utilization. This
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aligns with the objective stated in [6, p. 1]: “ensuring efficient and adaptive
management of computing resources throughout all stages of their distribution and
task execution.” Thus, the DSL facilitates seamless programming of modern

heterogeneous distributed systems.
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