C.C. I'puOHsx
DOI110.15276/imms.v13.nol-2.48 Informatics and Mathematical Methods in Simulation
YI[K 004.056.5 Vol.13 (2023), No. 1-2, pp.48-55
PO3POBKA IIVNIAT®OPMU JEHEHTPAJII3ZOBAHOI'O PEECTPY 3
NOKPAIIEHNUMMU XAPAKTEPUCTUKAMMU

C.C. I'pubHsx

Hamionansauit yaiBepcutet «Onecbka [lomTexHika»
npocn. [lleBuenka, 1, Oneca, 65044, Ykpaina
e-mail: ssgrybniak@op.edu.ua

TexHomorii pO3NOAIIEHNX PEECTPIB 3a MSITHAIIATH POKIB CBOTO 1CHYBaHHS 3HANIIIH
LIMPOKE 3aCTOCyBaHHs y cdepi (hiHaHCOBOTO 000pOTY, KPUNTOBAIIOTHHUX JIOJIATKAX,
CHCTEMax 3aXHIIEHOTo JOKyMeHTo00Iry. Haif0ipIn nomynsspHIMH Ha ChOTOTHINTHIH
JeHb € OnmokuelH cucremu Bitcoin Ta Etherium. Hesakaroum Ha X mepeBarm
(He3MiHHICTh BIANPAIbOBAHUX TPAH3AKIIH, ACIEHTPATI30BaHICTh, IPO30PICTh ), BOHU
MaloTh CEepHO3HI HEJOIIKN — HEBUCOKY IIBHJIKICTh 0OPOOKHM TpaH3aKIiil i 0OMexeHy
MacimTaboBaHICTh. Y IbOMY IUIaHI iM CKJIQJIHO KOHKYPYBaTH 3 HEHTpPalli30BAaHUMHU
¢inancoBumu tuiatGopMamMu, MO MAaKOTh IIBUAKICTE OOpPOOKM TpaH3akIlii Ha
nopsiaky Buie. Mera 11i€i podoTn — po3podka miuarhopMu, Ha OCHOBI TEXHOJIOTI]
JELEHTPATI30BaHOTO PEECTPY 3 MOKPAILIEHUMH XapaKTePUCTUKAMHU MacIITabOBaHOCTI
Ta MBUAKOCTI 0OpOOKM TpaH3akiliif. B OCHOBY MOOYIOBM CHCTEMH MOKIIAJICHO
apXiTeKTypy, 3aCHOBaHy Ha CHPsAMOBAHOMY anukiigHOMY rpadi — BlockDAG, sxa
BUTIMHO BiapisHsAeTbcs Bim Blockchain  acmHXpOHHICTIO  (QYHKITIOHYBaHHS.
YropsiakyBaHHS ONOKIB Y HiH 3MIMCHIOETHCA IDISIXOM TOIIOJOTIYHOTO JIiHIHHOTO
COpPTYyBaHHA cupsMoBaHoro rpaga. Kpim Toro, mBumakicte 06podku y BlockDAG
3poctae 3i 30UTBIICHHSAM 4YHWcla KopucTyBadiB. [lpm moOymoBi mardopmu
3aI[PONOHOBAHO BHUKOPHUCTOBYBATH [BOILAPOBY CXEMY, SKa CKIANA€ThCS 3 JIBOX
Mepex — ocHOBHOT BlockDAG Mepexi Ta KoopaIuHAIiHHOT Mepexi, MoOymoBaHoi Ha
ocHoBi Blockchain. B ocHOBHii Mepexi BiIOyBaeThCS CTBOPEHHS OJIOKIB Ta
PO3MOBCIOKEHHS 1X 10 Mepexi. KoopnuHariiiHa Mepeska BUKOHYE (yHKIIIT arecTartii
670kiB Ta Horo ¢inamizanii. 3acrocoBaHo MpoTokon KoHceHcycy Proof of Stake.
[IpoBeneno peamizarito 3ampoNOHOBAHOI CXEMH Y BHIVISAI EKCIIEPUMEHTAIBHOT
tatpopmu Waterfall, sika mpusHadeHa /it 00CTyroByBaHHS TPaH3aKIIH 3 PI3HUMH
TokeHaMmH, Bimodatoun NFT, oOciayroByBaHHS CMapT-KOHTPAKTIB 1 PO3pOOKH
po3moniIeHNX JofaTkiB. TecTyBaHHS TOKa3aJ0 BHCOKY IIBHJKICTH OOpOOKH
TpaH3aKIlii y NO€HaHHI 3 HEOOXIAHOI MacIITabOBaHICTIO.

KuaiouoBi cioBa: TexHOJOTi pPO3NOAUIEHUX pEECTPiB, 00poOKa TpaH3aKIiii,
nBoriapoBa mepexa, BlockDAG , muiiatdopma Waterfall

Beryn. Texnounorii posnoauienux peectpis (Distrsbuted Ledger Technology, DLT) [1] €
BUOYXOBOIO 1 HAWOLIBII CTPIMKO PO3BHBAIOYOIOCS T1JIKOK 1H()OpMAIiHHUX TEXHOJIOT1H
21-ro ctomitTs. [Tepmum MOKOIIHHAM MPaKTHYHOT 0 3acTocyBaHHsa DLT craB kimacuyHui
OyokyeitH, onucanuii y 2008 pomi, SAKHH € OIHOPAHTOBOK  IIPUHTOBOKO
JICIICHTPAJII30BAaHOK CUCTEMOI0 O00poOKM TpaH3akiiii. Knacuunmii OnmokueilH cTaB
OCHOBOIO JICLICHTPAIi30BaHOr0 (piHAHCOBOrO OOOpPOTY 1 MHEeplIoi KpPUITOBAIIOTH —
oitkoiiH. Hactynmuum noxomninusaM DLT crana Etherium — nnatgopma ans cTBOpeHHs
JEIICHTPaJIi30BaHUX OHJIAWH-CEPBICIB Ha 0a3i OJIOKYelHA, SKi MPaIloTh Ha 0a3i cMapT
KOHTPAKTiB, Ta BiAMOBigHa KpunToBamoTa [2]. 3a 15 pokiB iHTEHCHBHOTO PO3BUTKY
cucteM, 3acHoBaHuX Ha DLT, Ta iX MpakTUYHOTrO 3aCTOCYBaHHS, BUSBUIIUCS SIK 1XHI
nepeBaru, Tak 1 BJIACTHBI iM HemoJsiiku. Ha yCyHeHHsS LUX HEIONIKIB CIPSMOBAHO
po3pobky Ta ctBOpeHHs yuciaeHHUX DLT mmatdopm. Y mpomy acmekTi TemMa aaHOi
poboTH, MpUCBAYEHOI po3podIl Ta TECTOBUM BHUIPOOYBAHHSAM HIBUAKOJIIOYOI Ta
BHCOKOMAcCIITa0OBAaHOI JEIEHTPANi30BaHOI CHCTEMH OOPOOKH TpaH3aKLild € IOCHTb
aKTyaJIbHOIO.
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AHaJi3 iCHYIOYHX TeXHO0JI0Tiii modynoBu po3noaiienux peectpiB. DLT, o 3acHoBaHi
K Ha KJIacM4HOMy OjokuedHi, Tak 1 Ha 1uatrpopmax FEtherium, mupoko
BUKOPUCTOBYIOTHCSI B PI3HUX MPaKTUYHMX jgojaTkax [3]: ¢iHaHCOBHX moOCiIyrax,
BKJIFOYAIOYHW TUTATDKHI cucTteMu [4,5], MeIuIMHI Ta OXOPOHI 310poB's [6,7] , cexTopi
Hepyxomocrti [8], minrpumii Iateprery peueid ( 10T ) [9,10], ynpaBiiHHI JIOTiCTHKOIO
[11], enepreumi [12,13], mocayrax, mo 3acBiguyroth ocody (ID) [14] Ta in. B mpormeci
mmpokoro BrnpoBamxkeHHss DLT rocrpo mposiBunacst nependauena panimie byrepinum
Tpusiema 6mokueiina [15]. Tpusiema GnokyeiiHa € KOHLENIIELO, IKa OMUCYE TPU OCHOBH1
acmeKTH OJIOKYEHH-TeXHOJIOTi: MereHTpai3aliio, MacmTaboBaHiCTh Ta Oe3meky. Lls
KOHIICHIIiSl CTBEPDKYE, IO HEMOXKJIMBO OAHOYACHO JOCSATTH TOBHOI JElCHTpaTi3alii,
BUCOKOi MacmradoBaHocTi Ta Oesneku B OsokdeliHi . KoMmmoHeHTH Tpuiemu
PO3YMIIOTBCSI TAKUM YHHOM.

1. Heuentpanizauis. byne-ska DLT cnpsmoBana Ha JeneHTpanizaliio, TOOTO
PIBHOMIpHUH pPO3MOJIJ KOHTPOJIFO Ta ydYacTi MK By3idamMu Mepexi. Lle rapantye
CTIMKICTh MEPEKi Ta MiJIBHIIYE OBIpY ydyacHUKIB. OHAK MOBHA JELICHTpATI3allisi MOXE
IPU3BECTH O HU3BKOI MPOIYCKHOI 3JaTHOCTI MepexXi Ta TPUBAJOro MiJTBEPIKEHHS
TpaH3aKIii.

2. MacimtaboBaHiCTb. MacmraboBaHiCTh B1JIHOCUTHCSA hi() 3IaTHOCTI
JEIICHTPAJII30BAHOTO PEECTPY OOPOOISATH BEIMKY KUIBKICTh TPAaH3aKIIN 1 MATPUMYBATH
Mepexy, mo pocre. Bucoka macmtaboBaHICTh [103BOJSIE IIBUIKO Ta €(QEKTHBHO
00po0JsaTH Tpan3akiii. OJHaK pealizallisi BUCOKOI MacmTaOOBaHOCTI MOXE MPU3BECTH
710 3MEHILIEHHS JISIeH TpaIi3allii Ta Bpa3auBocTi Oe3neku. Po3moiiieHa cucremMa moBMHHA
MaTH MEXaHIi3M MacluTaOyBaHHS JJIS ajanTalii 10 3MiHM poOOYOro HaBaHTAXEHHS Y
ny)ke mHpokux Mexax. OJHaK, HAmpUKIA, MBUAKICTH OOPOOKH NAaHUX Y BITOMHX
nonyssipHux cuctemax Bitcoin ta Etherium HeBucoka — 1i cuctemMu 0OpOOJIAIOTH
npubimu3Ho 7 Ta 20 TpaH3akiii 3a cekyHay (tps) BinmoBigHo. Lli moka3HUKN HE3pIBHSIHHI
3 TPAAMIIIHHUMH [IEHTPATI30BaHUMH CHCTEMaMH, 110 OOPOOJISIFOTh TUCAY1 TPAH3aKIIIH 3a
cexkyHay [16].

3. besmeka. bnokueliH 3abe3neuye Oe3neKy LIUIIXOM BHUKOPUCTAHHS BiAMOBIAHHUX
elleMeHTIB Kpunrtorpadii Ta 3roau OiJbIIOCTI YYaCHHMKIB Mepexi. Bucokuit piBeHb
Oesrekn B OJIOKYEIHI BMMarae BHCOKOI OOYMCITIOBAIIbHOI TOTY)KHOCTI Ta JOCTaTHBOI
KUIBKOCT1 BY3JIIB Y MEpEXI1 JUJIsl MIATBEPKCHHS Ta MIITPUMKH HAAIMHOCT1 TpaH3aKI[iH.
OpHak MIABUIIEHHS O€3MEKM MOXE IPU3BECTH 10 301IbIIEHHS 4acy Ta pecypcis,
HEOOX1IHUX 1JIs1 00poOku TpaH3akuii. Tpuiema OnokueiiHa BKa3ye Ha HEOOXIIHICTb
OaylaHCyBaHHS IIUX TPhOX ACIEKTIB Ta BHOOPY MPIOPUTETIB y PO3poOIl Ta peanizalrii
OJstok4eitH-pimenb. KoMpomic Mix JeleHTpati3aiielo, MacTaboBaHICTIO Ta 0€3MEK 010
€ KJII0YOBUM (DaKTOpPOM IpU MPOEKTYBaHHI Ta BIPOBAKEHHI OJ0KkueiH-cucteM. Takum
YUHOM, ICHYE TOCTpa HEOOXIJIHICTh y pO3poOIl Ta CTBOPEHHI BHCOKOMACIITAOOBAHOI
PO3IMOALIEHOI CUCTEMHU 3 BUCOKOIO HIBUIKICTIO OOPOOKHU TpaH3aKIIii.

Meta podoTu. Meta poGoT — po3pobka miIaTGopMu IEUEeHTPATI30BAHOTO PEECTPY 3
MOKPAIICHUMH  XapaKTePUCTHKaMH MAacITabOBaHOCTI Ta  IIBUAKOCTI OOpOOKH
TpaH3aKIIiH.

OcHoBHa yacTuHA. HacTymHUM MOKOJIHHSM TEXHOJOTil MOOYAOBH PO3MOiICHUX
peecTpiB cii BBaKaTH MOAAHHS IOCIIZIOBHOCTI TPAH3aKLiM SK CIPSIMOBaHOIO
aIUKJIYHOro rpada

(directed acyclic graph , DAG) [18]. Texnonoris Ha ocHoBi DAG moOynoBana Ha
MOJIaHH1 BCi€1 MHOKWUHU TPaH3aKIIiN Y BUTIIAI HarlpaBieHoro rpada. Bepmmnaamu rpada
€ tpan3akumii (apxitektypa TxXDAG ) abo 6ok Tpan3akuiii (apxitektypa BlokDAG ).
Pebpa rpada 3'eqHyI0Th KOXKHY BEPIIMHY 3 yciMa paHille yTBOpeHUMH (0aTbKIBCHKUMU)
Onmokamu, SIKi Ie He MaroTh IOCWIaHb. TakuM YHHOM, BCS MHOXXHMHA TPaH3aKIIii
MIPEJCTaBIIE€ThCSA Yy BUTIIAL CIIpSIMOBaHOro aepena. Jlani BUPIHIyeThCs BioMa B TeOpii
rpadiB 3a7ada JiHIKHOTO TOMOJIOTIYHOTO BHOpsSAKyBaHHS Trpada [19]. ¥V pesynbrati
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JIEPEBO TPaH3aKIIIK MEPETBOPIOETHCS HA JIIHIHHO BIIOPSIKOBAHY MOCIiAOBHICTH OJIOKIB 3
OJTHAaKOBUM HaIIpsIMOM pebep — BiJ OCTaHHIX 32 4aCOM YTBOPEHHS J10 PaHille yTBOPEHUX.
Ile cTBOprOE MOXJIMBICTH 3aCTOCYBAaHHS NpaBUiIa KOHCEHCYCY ISl MiATBEPIKEHHS 1
Bepudikauii 61okiB. Apxitektypa BlokDAG 6yna obpana sik ocHOBHa i 10OYA0BH
CHCTEMH PO3IOAIIICHOI0 PEECTPY 3 MiJABUIIECHOI MIBUJKICTIO OOPOOKH TpaH3aKIiKd Mpu
BHCOKii MacmrtaboBaHocTi. L[i mepeBarn BlokDAG y mopiBHSHHI 3 TpaJuLliiHUM
OJIOKUEHHOM JIOCSTAIOTHCS 332 PAXyHOK ACHHXPOHHOCTI YTBOPEHHS HOBHX OJIOKIB Yy
BlokDAG. bnokueiiH moOymoBaHO Ha OYiKyBaHI yYTBOPEHHS HOBOTO OJIOKY TiCIIs
Bepudikallii mornepeaHboro eneMeHty JjaHuoxka. ¥ BlokDAG 6710ku yTBOprOIOTHCS
He3aJeKHOo Bi Bepuikallii momnepenHix, a BIacHE JAaHIIOKOK (POPMYETHCS BHACHTIOK
TorosioriyHoro BnopsakysanHs. Kpim toro, BlokDAG apxiTekTypa Mae napaJgoKcalbHy,
Ha TMepIIMiA TMOIJsA], aje JJOBeleHYy BIacTUBICTh [18] — 31 30UIbIIEHHSM YHCIA
KOPUCTYBa4iB CUCTEMH MIBUIKICTh 0OpOOKH OJOKIB / TpaH3aKIliil 3MEHITY€ETHCS.

Jlng  mojanbIioro  MPUCKOPEHHS OOpOOKM  TpaH3akIiii  3amponoOHOBAaHO
JBOLIAPOBY MoJenb moOyaoBu cucteMd. OCHOBHa Mepexka, MpU3HAYeHa Jis
(dhopMyBaHHS Ta PO3MOBCIOHKEHHsI OJIOKIB, BUKOHAHAa 3a TexHojoriero BlokDAG (map
1). Onepauii, nmoB's3ani 3 Bepu(ikamicro OJIOKIB Ha IMiACTaB1 MPOTOKOIY KOHCEHCYCY,
BUHECEH1 10 KOOPAMHALINHOI Mepexi, L0 Mpalloe 3a TEXHOJIOTIEI TpaguliiiHOro
KOHCeHCycy (map 2).

SAx 1 B cucremi Etherium [2] ans o6poOku TpaH3akKiiii 3acTocoBaHa AUCKPETHA
yacoBa IKajia. MiHiMaJbHUM 1HTEPBaJIOM 4Yacy € CJIOT TPUBAJICTIO 4 C IPOTIATOM SIKOTO
Iii mapiB CHHXPOHI3YIOThCs. KoprcTyBaui MOBUHHI CTBOPUTH Ta PO3IOIIIUTH IO MEPEKI
CcBill 610K mijt yac ciota. CoTu NoeIHYI0ThCA B enoxy. Enoxu npusHaueni 11t nia0uTTs
MIPOMDKHHUX PE3yJIbTaTIB Mepexi. Y 3aIpOoNOHOBaHIN MOJEN] ernoxa CKIagaeTbes i3 32
CIIOTIB.

OCHOBHUM TEXHOJOTIYHUM CTPYKTYPHHM €JIEMEHTOM Mepexi € By3on (node,
HOJNa). By3nom € 3apeecTpoBaHuii cepBep B Mepexi, 110 30epirae BCi BIAMOBIIHI 3aMIUCH
y BUDIAl peecTpy. Ha KokHOMY By31i MOke OyTH PpO3TOPHYTO NEBHY KiBKIiCTh
JIOT1TYHUX CTPYKTYPHHUX €JIEMEHTIB, siki yMoBHO HazuBatuMemo Workers (IIpamiBHukm),
X 00JIIKOBI 3aMTMCH MaIOTh HEOOX1/THI JaHi IS y4acTi y TpoToKoJi KoHceHcycy PoS [20].
Koxen Worker miciisi BKJIFOUEHHSI O CHCTEMH CKIIAJA€ThCS 3 JBOX KOMIIOHEHTIB 3
He3aJIeKHUMU aipecamu — YTBoproBad 0110kiB (Creator) Ta Koopaunatop (Coordinator)

(puc.1).

KoopauHauitHa
Mepexa
Blockchain

Ponb: KoopauHaTtop

I

OcHoBHa Mepexa
DAGchain

LWap 2

By3on, wo 3axoante

Worker

Ponb: YTBOplOBaY

6nokis Wap 2

Puc. 1. JIBomapoBa Mo/ellb CUCTEMH PO3MOALIIEHOTO PEECTPY

OyHk1ii 00poOKM TpaH3aKIiN PO3MOALIEH] MK IIapaMU CUCTEMH B TIEBHUMN
crocio.

B ocHOBHIIf Mepei BUKOHYIOTHCSI TaKi OCHOBHI omepartii.
1. [Tomryk 1HIIMX BY3JIiB Ta MiAKIFOYECHHS 10 HUX.
2. llpuiiom TpaH3akIiii BiJ KOpPHUCTYBayiB, PO3MILIEHHA B IIyJ TpaH3akKUid Ta
NepecHIaHHs TPAH3aKIIN A 10 MEepexi.
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3. BusHaueHHs Ha MiACTaBi METOY NEpeMilllyBaHHs, XTO 13 TBOPIIIB CTBOPIOE OJIOK Y
KO)KHOMY CJIOTI.
4. BwiyyeHHsl TpaH3akUid 3 MyJy, AoJaBaHHS B OJIOK, BIANpPABJIEHHS JaHOTO OJIOKY
IHIIMM y4yacHUKaM MEepexi.
5. Ilepenaya cBOEMY KOOPAMHYIOUOMY BY3J1y OPSIIKY OJIOKIB, 10 BXOIATH B IICH BY30J.
6. OTpuMaHHS BiJl CBOrO KOOPAMHYIOUOT0 By3Jia MOPsAKY OMoKiB mist ¢inamizamii. Tix
¢inamizamiero (a00 OCTATOYHICTIO) PO3YMIETHCS TPOIEC, MiCHs 3aBEPIICHHS SKOTO
TpaH3aKI[is B Mepexki MOXKe BBa)KaTHUCS OCTaTOYHOIO 1 HE 1ICHYE pU3UKY (anbcudikarii
(3MiHM) TpaH3aKIii a00 0JIOKY B yIOPSIKOBAHOMY JIAHITIOXKKY.
7. 30epesxxeHHs icTOpii OJIOKIB Ta TpaH3AKIlIN Y By3J1aX PEECTPY.
8.YuacTp y CHHXpOHi3allii 0JIOKIB Ta TPaH3aKIIiH.

OcHOBHI omepartii, ki BUKOHYIOTHCSI B KOOpAMHALIHHIN Mepexi Taki.
1. Bu3zHaueHHs B KO)KHOMY CIJIOTI emoxu ckiaxy kKomiteriB Proof of Stake ta pomeii
KOOpAAMHATOPIB Y HUX (TBOpEIlb, aT€CTaTOP, arperaTop).
2. IIpuiiom pe3ysibTaTiB aTeCTaIlil Bijl iHIIMX BY3JIiB Ta Mepeaaya ii 1aji yepe3 Mepexy.
3. lonaBaHHsl YTBOpIOBaYeM B OJIOK aTecTallild, paHille He JOTaHuX B OJIOK.
4. O0'eqnanus chopMOBaHUX arperaropamMu aTecTalliil B OIMH MYJIbTHUITIIIHC .
5. BiAmoBigHO 10 OTpPUMaHUX aTecTaliil Ta ajaropuTMy KOHCEHCycy (opMyBaHHS
JaHIIOKKaA OJIOKIB, 110 HiAIAraroTh (iHajmi3amii ; BiANpaBKa (DIHAJIBHOIO JIAHIIOXKKA
0JIOKIB Yy CBill By30JI OCHOBHOI Mepexi /il (hiHasizarii.
6. CuHXpOHI3aIlisl pe3yIbTaTy KOHCEHCYCY 3 OCHOBHOIO MEPEKEIO.
7. 30epiranHs icTopii OJIOKIB Ta aTecTaIlii.
8. 30epiranus ctaHy KoopAHMHATOPIB (6anaHcH, cTaTyc) y 3arajJbHOMY CTaHI MEPEXKI.

Ha nmincraBi BUK/IaeHUX apXITEKTYPHUX Ta aJrOPUTMIYHUX PIIIEHb pO3pO0JIEHO
wiatdopmy posnoaisieHoro peectpy Waterfall [21].

OCHOBHI BIIaCTHBOCTI CHCTEMHU.
Moga niporpamyBanHs — Golang .
ApxiTekTypa — qBomapoa, ocHoBHa Mepexa — BlockDAG , koopauHariiiiHa Mepexa —
Blockchain .
[IpoTokon koHCceHcycy — yaockoHanenuii Proof of Stake.
OyHKIIOHANBHICTh, 110 3a0e3MmeuyeThes, — 00CIYroBYBaHHS TpPaH3aKLil 3 BITOMUMH 1
BOynoBaHUMH TokeHamu (BKmouatoun NFT), oOciyroByBaHHS CMapT-KOHTPAKTiB,
po3podka po3noiaeHux noaatkis dApps .
Ha puc. 2 nHaBezeHo ogHy 3 ekpaHHux ¢opm niatpopmu Waterfall.

A WATERFALL About Blocks Search by Address / Txn Hash / Block

Puc.2. Expan BUBeeHHS pPe3yNbTYIOUOTr0 JIHIHHOTO TOMOJIOTTYHOTO BIOPSIKYBaHHS
BlockDAG.
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[IpoBeneHo HaBaHTaXKyBalbHI EKCIIEPUMEHTH [IJIsi PO3POOJIEHOT CHCTEMHU.
TecroBa mepexa Oyna copmoBana Ha 6a3i cepepiB Amazon Elastic Compute Cloud.
TecroBa Meperka mpairoBana Ha 64 ekzemmsipax t3.small (aBa sapa LI ta 2 I'b mam'siti)
Amazon EC2. V xoxai excnepumeHTiB O0yJio 3reHepoBaHo My npudimsHo 31 100 000
TpaH3aKIIii Ta 3a)ikCOBaHO Yac, 3a IKUW OCTAHHS 3 HUX Oy/Ie 3amucaHa 10 peecTpy. byau
3pobieni BuMipu MacmraboBaHocTi, CepeqHs MBUAKICT cTaHoBmia 2234 tps.
MomudikoBana Bepcisi Waterfall o6pobuna monax 3600 TpaH3akiliif 3a CEKyHAY MpHU
3apaHTakeHH1 LIII menme 20%. Ha puc.3 HaBeneHO oAMH 13 €KpaHIB 3 pe3yIbTaTaMH
TECTyBaHHI.

/. WATERFALL

PR STOP WAR IN UKRAINE

Testnet 3 Test

with tt

Name | vCPUs | Memory (GiB) | Baseline Performance/vCPU | CPU Credits eamed/hr | Network burst bandwidth (Gbps) | EBS burst bandwidth (Mbps)

Basmall | 2 20 20% 24 5 Up 102,085

Algorithm of actions during testing:

4. Fix the time

Let's analyze the line from the test results below:

Puc.3. [lpuknan ekpany 3 pe3yJibTaTaMu TECTYBaHHSI HABAHTA)KEHHSI.

[Torouna peanizanis Waterfall BukopucroBye Texnosorito Etherium EVM, mo
MOJIETIIYE BUKOPHCTAHHS CMapT-KOHTPakTiB. CMapT-koHTpakTu s Ethereum moxna
KOITIIOBaTH 1 BCTaBJIATH, NMPU IIbOMY BOHHU YCIIIIHO IMPAIIOIOTh Yy TECTOBIH Mepexi
Waterfall. ExcnepumenTH moOKazamu, 00 JJs  iMIOOpPTy OUIBIIOT  KUJIBKOCTI
JELIeH TPaJIi30BaHUX TO/IaTKIB MOKE 3HAJ0OUTHCS HE3HAYHA 3MiHA TXHBOT0 KOJY.

besneka peanizaliii CHCTEMH MIATPUMYETHCA TUMU CAMHUMH KPHUIITOrpadidHUMH
MIPOTOKOJIaMHU, SIKi J0Ope 3apekoMenayBaim cedbe y mepexi Ethereum.

Xem-¢pyHkuii — ocHoBHa Mepexxa — Keccak-256/SHA3, koopaunamiiina mepexa —
SHA256.

HMudposi mignucu ais GopMyBaHHS KIIOYIB — BY3JM OcHOBHOI Mepexi — ECDSA (
Elliptic Curve Digital Signature Algorithm ) secp256k1, By3mm KoOpIUHAIIHHOI Mepexi
- miamuc BLS (Boneh-Lynn-Shacham). BcTanoBieHo pekomeHaoBaHy KOHQITYypallito
JUIsl yCIIITHOTO 3aIyCKy By3Ja:

—Yucno LUIT - 2;

— OnepaTtuBHa nam'ate — 4 I'0;

—SSD - 80 I'6;

— Inrepuer Tpadik — 400 I'6/mic.

PesynbTaT Ta o0rosopennsi. Po3pobnena matdpopma Waterfall ycmaakoBye Ta
nokpairye Ethereum 2.0. Kpim Toro, ninatdopma Mae psiji epepar:

1. Bucoka npoayKTHBHICTh — MaclITaboBaHI B cucTeMi OJIOKOBI CTPYKTYpH Ha OCHOBI
DAG no3BosnsitoTh ofHO4YacHO MyOJsikyBaTH Kinmbka OusiokiB. Lle dopmye DAG Ta
3a0e3mevye 3aBepILEHICTh BCIX TPaH3aKI[ii 32 yMOBH, 110 OJIOKH HE KOH (PIIIKTYIOTh OAMH
3 omnuM. Tomy Waterfall moxxe omHowacHo oOpoOnsTu kaptu Visa, MasterCard Ta
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Union.Pay Ha nmemneHTpani3oBaHOMY pPiBHI HaBiTh y TOAMHHU TMiK. 3TiHO 3 OCTaHHIMH

MPOMIKHUMH JTaOOpaTOPHUMH TECTaMu, cucTemMa Moryia o0poossitu 3600 TpaH3akiiii B

cexyHay. I mopiBHSHHS 3a3HAYUMO, 110 Visa 00pobisie 6m3bko 1700 Tpan3akiiii Ha

CeKyHIY.

2. Husbki komicii 3a TpaH3akiii — apXiTeKTypa CIHPOCKTOBaHA TaKUM YHHOM, II0O

MIATPUMYBATH MiHIMaJbHI KOMICIi y pi3HHX cleHapisx. [IpoTokon JuHaMidHO

MacmTabyeTbcsl 31 3pOCTAaHHAM HABAaHTaXEHHS Ha Mepexy. Y ToH dac, SK

MPOAYKTUBHICTh BCI€l CHCTEMH 30UIbIIYETHCA, B TOMY CaMOMYy CJOTI OJHOYAacHO

nyOmikyeTbes Oinbiie OJOKIB, a TpaH3akWiiiHI 300puW  3HIKYIOTBCS B MIpYy

MaciTadyBaHHs cucTeMH. Lle 3HMKye KUIbKICTh onepaliil y mysi TpaH3akilii HaBiTh y

TOIWHHU K.

3. Huspkuii (inancoBuii mopir Bxoay — By3oa i3 6 Worker'iB komrye npubmausao 1 920

nonapi CHIA.

4. ITnatdopma oOCIyroBye BOY/IOBaHI TOKEHH — BUIYCK Ta OOCIyrOBYBaHHS TOKEHIB

(Bxmrouno 3 NFT) He nmoTpeOyroTh crieniaJbHUX CMapT-KOHTPAKTIB, a BUKOHYIOTHCS 3a

JIOTIOMOT'OI0 3BUYAWHUX TPaH3aKI[iH, 0 3HAYHO 3HIDKYE HakiaaHi BUTpaTH. Kpim Toro,

11e poOUTh 1X BUKOPUCTAHHS O1IbIII JOCTYIIHUM IS HIMPOKOT O KOJIa KOPUCTYBAUIB.

5. JlunamiyHa HacTpoWika — IUIaTGOpMa Ma€ MEXaHI3MU JAUHAMIYHOI ajanTarlii

mapaMeTpiB CHCTEMH 3aJIeKHO BiJ CHTYyallii, II0 3MIHIOETHCS, 30KpeMa, dYac CloTa,

ONnTUMaJibHa KinbKicTh Worker'iB Ta Jeski iHII TapaMeTpy HAJIAIITOBYHOTHCS

aBTOMAaTUYHO.

Takum unnaOM, IaThopma Waterfall 3a0esneuye cnpusatiuBe cepeaoBUIIe IS
HaJIaHHS Ta CIIO’KMBAHHS IIUPOKOI'0 CIIEKTPY MOCYT JUIsl BeJIeHHs O13HECy Ta COLialbHOl
JISUTBHOCTI y 3py4HOMY (popMaTi 3arajibHOJJOCTYITHOT'O JIELIEHTPaIi30BaHOI'0 PEECTPY.
BucnoBku. Po3poOneno ekcnepumenTtanbHy 1atgopmy Waterfall, Ha ocHoBi
TEXHOJIOT1l  JEeI[EHTPaTi30BaHOTO PpEECTPYy 3 TMOKPAIIEHUMH XapaKTepHuCTUKAMH
MacIITa0OBaHOCTI Ta MIBHIKOCTI 0OpoOKH TpaH3akuiid. B ocHOBI mmaTdopMu JIeKHUTH
3arporoHOBaHA aBTOPOM JIBOIIAPOBA MOJIENb PO3MOIITICHOI0 PEECTpPY, IO MOEAHYE B
co0i OCHOBHY Mepexy, modynoBany 3a TexHosoriecto DAGChain , Ta KoopAMHAIIHHY
MEpEKY, 3aCHOBAaHY Ha TPaTUIIHHIN OJIOKYSHH -TEXHOJIOTI].

[Tnardopma npuszHaueHa st 00CIYTOBYBaHHS TPAH3aKIlM 3 piI3HUMHU TOKEHAMH,
Brmovatoun NFT, oOcnyroByBaHHS CMapT-KOHTPAKTIB 1 PO3pOOKH PO3MOJALIEHUX
noxatkiB. TecTyBaHHS CHCTEMHM TOKa3ayio, 10 BOHA MOXKE OOpOOJISATH B CEpEIHbBOMY
2234 tpaH3akii 3a CeKyHy I1pU I0CUTh BUCOKOMY PiBHI MacHITa0OBaHOCTI.
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DEVELOPMENT OF A DECENTRALIZED LEDGER PLATFORM WITH
IMPROVED CHARACTERISTICS

S.S. Grybniak

National Odesa Polytechnic University,
1, Shevchenko Ave. Odesa, 65044, Ukraine; e-mail: ssgrybniak@op.edu.ua

Over the fifteen years of its existence, distributed ledger technologies have found wide application in the
field of financial turnover, cryptocurrency applications, and secure document management systems. The
most popular today are the blockchain systems of Bitcoin and Etherium. Despite of their advantages — the
immutability of processed transactions, decentralization, transparency — they have a serious drawback: low
transaction processing speed and limited scalability. In this regard, it is difficult for them to compete with
decentralized financial platforms that have transaction processing speeds orders of magnitude higher. The
purpose of this work is to develop a decentralized ledger platform with improved scalability and transaction
processing speed. The system was built on an architecture based on a directed acyclic graph — BlockDAG.
BlockDAG architecture compares favorably with Blockchain in asynchronous operation. The ordering of
blocks in it is carried out by topological linear sorting of the directed graph. In addition, the processing
speed in BlockDAG increases with the increase in the number of users. The platform is built on a two-layer
scheme and consists of two networks — the main BlockDAG network and the coordination network built
on the basis of Blockchain. In the main network, blocks are created and distributed over the network. The
coordination network performs the functions of block certification and their finalization. Proof of Stake
consensus protocol applied. The system is implemented as an experimental Waterfall platform. The
platform is designed to serve transactions with various tokens, including NFT, to serve smart contracts and
develop distributed applications. System testing showed a high transaction processing speed combined with
the required scalability.

Keywords: distributed ledger technologies , two-layer network , BlockDAG , Waterfall platform
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