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Pedepar:

1. PoboTta npucesueHna po3pooLi METOAY CUHTE3Yy TOIOJIOTiN HAa OCHOBI HAJJIMIIKOBUX KOZiB Ta METOAY CUHTE3Y
iepapXi4HUX TOIOJIOTIi, 0 JO3BOJISIOTh MiIBUIIMTY BiTMOBOCTIUKICTh MacIITAO0OBAaHNUX BUCOKOIIPOAYKTUBHUX
CHCTEM, a TAKOX IOKPAIUTH ix e(peKTUBHICTb. PO3po6sieHO HOBY MaTeMaTUYHy MOJeJIb TOIOJIOTii Ha OCHOBI
HAJJIMIIKOBOTO KOJy, 110 BiPi3HSIETHCS Bifl iICHYIOUMX MOJieJlell BUKOPUCTAHHAM andaBiTy, OCHOBU YUCJIEHHS Ta
JIOBXXVHU KOAY [J11 BUBHAYEHHS KiJIbKOCTI a/IbTEPHATUBHUX IIPEACTABJIEHD NOBIJIbHOIO YMCJla B 33/1aHill CUCTEMI
YUCJIEHHS, Ta JO3BOJISIE€ TPOTHO3YBATU MAKCHUMAaJIbHY KiJIbKIiCTh BEPIIMH 3 OJJHAKOBUM HOMEPOM Y rpadi, KifbKicTb
BEpUIVH 3 YHIKQJIbHUMHU (He-HaJIMIIKOBUMU) HOMepaMU. 3alIpOIIOHOBAHO HOBUM C1I0Ci6 (pOpMyBaHHS IMILIIIUTHUX
KJIACTEPIB B HAJJIMIIKOBYX TOIOJIOTIAX, 110 BiAPI3HAETHCA Bill iCHYIOUMX BUKOPUCTAHHAM CIIE€LialbHOI
6araToBUMIipHOI MaTpUILli HAJJIMIIKOBYX [IPEJICTAaB/IeHb Ta KOJYyBaHHS iHAEKCIB B CrleliabHill cuCTeMi YUCIeHHS Ta

I03BOJIsIE (popMyBaTU pebpa MixK TaKMMU BEPIIMHAMMU [1JIs1 TOIIOJIOTiN Ha OCHOBI KO[IiB i3 IEBHUMU



CIiBBiJHOLIEHHSIMU MOTYXHOCTI aj(paBiTy Ta OCHOBU 4MCJIeHHS. HabyB pO3BUTKY METOZ, CUHTE3Y BiIlMOBOCTIMKHUX
TOIIOJIOTiM HAa OCHOBI HAJJIMIIKOBOTO KOAY, IO BiflPi3HSAETHCS Bif, iCHYIOYMX BUKOPUCTAHHSM KOJIOBUX [IEPETBOPEHD,
B TOMY 4MCJIi [TOCTiioBHOCTEH Nie BpyiiHa, B HA[JIMIIKOBUX CUCTEMAaX YMCJIEHHS Ta CTBOPEHHSIM HOBUX 3B'SI3KiB Y
TaKMX TOIOJIOTISIX 32 JOMOMOTOIO IEPETBOPEHD 3aMillleHHsI HaJl KOJAMHU, SIKi ONMCYIOTh iHAEKC aJIbTEPHATUBHOTO
IIpeJCTaBJIeHHs B 6araTOBUMIpHIil MaTpuLli HAJIMIIKOBUX IIPEACTAaBIIEHb, 110 JO3BOJISIE CUHTE3YBaTH BiIlMOBOCTIIKI
TOIIOJIOTII 3aJaHOTO MOPAAKY, B TOMY YUCJIi 3 IMIJIITUTHUMH KJIaCT€paMU. 3alIpOTIOHOBAHO HOBUN METO
MacuTabyBaHHS iepapXiYHUX TOIOJIOTIH, IO Bilpi3HIETHCS Bifl iCHYI0UMX BUKOPUCTAaHHSM [1€KapTOBOTO JOOYTKY,
JIEPEBOBUIHUX CTPYKTYP Ta PEKYPEHTHOTIO BKJIAZ€HHS KJIACTEPIB, 110 JO3BOJISIE IIOE€IHATH BilIMOBOCTINKI TOIOJIOTI],
CHHTE30BaHi Ha OCHOBi HA[IJINIIKOBOT'O KOAY, i3 KJIACUYHMMU TOIIOJIOTISIMY, TAKUMHU SIK rinepkyd Ta dragonfly.
3anpornoHoOBaHO HOBUI CIIOCI6 MOJIe/II0BaHHS BiZIMOB B TOIIOJIOTISIX, 110 Bilpi3HSIETHCS Bif, iCHYIOUNX
BMKOPHCTAHHSIM Pi3HUX MiIXOJIiB 10 BUIIAJKOBOTO (POPMYBAaHHS YEPTHU BiIMOB, B TOMY YUCJIi 3 ypaxyBaHHSIM
Koe(illieHTy [TocepeJHULTBA, Ta J03BOJIsIE NIPY 3aJjaHiil KiJIbKOCTI BiZlMOB BY3J1iB aHaJIi3yBaTH iMOBIpHICTb PO3PUBY
3B'sI3HOCTI rpada, NifijpaxyBaTy TOIOJIOTYHI XapaKTepUCTUKY Ta iX 3MiHY BiZJHOCHO [104aTKOBOT'O (6€3BiIMOBHOTIO0)
CTaHy TOIOJIOTI1. [I71 eKCIIepUMEHTAIBHOTO JOCIIiKEHHS 3alIPOIIOHOBAHUX METOJiB 6yJI0 pO3pO6IIEHO Pf
iHCTpyMeHTa/IbHUX 32C006iB 3 BUKOPUCTaHHSIM MOBHU Python Ta 6i6s1ioTexu NetworkX. Po3po6sieHo
iHCTpyMeHTaIbHUH 3acib 1J151 MOJIe/II0BaHHS XapaKTePUCTUK TOIOJIOTiH Ha OCHOBI 6ibioTexu NetworkX, sikuii 3a
PaxyHOK 3aIIpOIIOHOBAHOT0 cIoco6y GOpMyBaHHS! iMILIIUTHUX KJIACTEPiB B HA/IJIUIIKOBUX TOIOJIOTISIX NO3BOJISIE
IOCJIiUTH TOMOJIOTIYHI XapaKTepUCTUKU rpadiB, OTPMMaHUX 3 BUKOPUCTAaHHS 3alIPOTIOHOBAHUX METOJiB, Ta
BMKOHATH iX MOPiBHSHHS i3 KJIACUYHUMU TOIIOJIOTiSIMH, TAKUMH SIK TilepKy6, >KupHe nepeso, dragonfly ta
dragonfly+, a Takox 6araToBUMIpHi TOpH, BKJII0YaI04YH TOIOJIOriI0 cyniepkoMirioTrepHa Fugaku. Po3pobiieno
iHCTpyMeHTaIbHUH 3acib [J151 MOJIe/II0BaHHS BiIMOB B TOIIOJIOTISIX, IKUI € peasi3aliielo 3alIpOIIOHOBAHOr0 CIIOCO6Y
MOJEJIIOBAHHS BiIMOB B TOIIOJIOTISIX TA JO3BOJISIE AOCIIIUTY IIOBEiHKY TOIIOJIOTiY B yMOBAaX HAPOCTAIOUOro YNCia
BiZIMOB i TAKMM YMHOM ITOPIiBHSITH BiIIMOBOCTIIKICTb 3aIIPOIIOHOBAHMX Ta icHyl0unX rpadis. [IpoBeneHO
eKCcIliepuMeHTaJIbHe OCiIKeHHs 3alIPOIIOHOBaHUX METO/IB, 1110 BKJIIOYAE B cebe aHasli3 TOMOJIOTiYHUX
XapaKTepUCTHUK Ta aHaJli3 BiIMOBOCTIKOCTI OKpeMO [1J1s1 6e3MocepenHbO-3B's13aHUX (Ha OCHOBI HaJIJINIIIKOBOTO
KOJy) Ta KOMyTOBaHUX (iepapxidyHux) Mmepex. Po3pobsieHi MeToau poAgeMOHCTPYBay CYyTTEBE MMiABUILEHHS
BiIMOBOCTIKOCTi Ta e(DeKTUBHOCTI, JO3BOJISIIOUM IMOKPAIIUTH 3arajabHi TOMOJIOTiYHI XapaKTePUCTUKH, TaKi SIK
MYyJITUAIIIKATUBHA XapaKTEPUCTHKA CTyIeHs Ta AiameTpa (SD), 1151 SIKOi IPOJeMOHCTPOBAHO IOKPALEHHS B
nianasoHi 6.7-69.2%. 3anporoHoBaHi pilleHHs IPOJeMOHCTPYBanu Ha 26,3% BuUILly BifMOBOCTIHKICTb rpu 50%
BigmoB 17151 rpadiB 6e3rnocepenHO-3B's13aHUX Mepex i Ha 15,7% Bunty nipu 40% BiIMOB 151 KOMYTOBaHMX MEPEX.
Po3rngnyTi rpadu € KOHKYPEHTOCITPOMOKHUMMU Y MTOPiBHSIHHI i3 ITONMYJIIPHUMMU PillleHHSIMU B IIpeAMeTHil cdepi,
TaK/MHM SIK TOIIOJIOTis )KUpHOro nepesa Ta dragonfly. [TopiBHsHHS i3 Tonosorielo cynepkoMirtorepa Fugaku
(HalftepeKTUBHILINI HA CbOTOHI CyriepKOMITIoTep 3 TouKU 30py TecTy HPCG) nokasaso 3HauHy niepeBary
pO3pobieHUx pilleHs (mokpaeHHs SD Ha 69,2%, kpaia TonosoriyHa edekTyuBHiCTh Ha 103,4%). Po3pobeHi
TOIOJIOTIYHI PilllEHHS MOXYTb OYTH 3aCTOCOBaHi IpX po3po0O1;i KOMITIOTEPHUX CUCTEM 3 MAaCOBUM I1apaseli3MOM,
KJIACTEPHUX CHUCTEM Ta aTalleHTPiB, a TAKOX KOMITIOTEPHUX MEPEX, BKIIIOUAI0YN MEPEXi, [0 KEPYIOThCS

MIPOrPpaMHUM 3a0e3TeYeHHSIM.

2. The work is devoted to the development of a method for synthesizing topological organizations based on
redundant codes and a method for synthesizing hierarchical topological organizations, which allow increasing the
efficiency of scalable high-performance systems, as well as ensuring their fault tolerance. A new mathematical
model of topology based on redundant numeral code has been developed, which differs from existing models by
using the alphabet, base of number, and code length to determine the number of alternative representations of an
arbitrary number in a given numeral system, and allows predicting the maximum number of vertices with the same
number in a graph, the number of vertices with unique (non-redundant) numbers A new method of forming
implicit clusters in redundant topologies is proposed, which differs from existing ones by using a special
multidimensional matrix of redundant representations and encoding indices in a special number system and allows
forming edges between such vertices for topologies based on codes with certain ratios of the power of the
alphabet and the base of the number. A method for synthesizing fault-tolerant topologies based on redundant



numeral code has been developed, which differs from existing ones by using code transformations, including de
Bruijn sequences, in redundant numeral systems and creating new connections in such topologies using exchange
transformations over codes that describe the index of an alternative representation in a multidimensional matrix
of redundant representations, which allows synthesizing fault-tolerant topologies of a given rank, including those
with implicit clusters. A new method for scaling hierarchical topologies is proposed, which differs from existing
ones by using the Cartesian product, tree structures, and recurrent cluster nesting, which allows combining fault-
tolerant topologies synthesized based on redundant numeral code with classical topologies such as hypercube and
dragonfly. A new method of modeling failures in topological organizations is proposed, which differs from existing
ones by using different approaches to random formation of a failure queue, including taking into account the
betweenness centrality coefficient, and allows, for a given number of node failures, to analyze the probability of a
graph disconnection, calculate topological characteristics and their change relative to the initial (fault-free) state
of the topology. For experimental research of the proposed methods, a number of tools were developed using the
Python programming language and the NetworkX library. A tool for modeling the characteristics of topologies
based on the NetworkX library has been developed, which, due to the proposed method of forming implicit
clusters in redundant topologies, allows us to investigate the topological characteristics of graphs obtained using
the proposed methods and compare them with classical topologies, such as hypercube, fat tree, dragonfly and
dragonfly+, as well as multidimensional tori, including the Fugaku supercomputer topology. A tool for modeling
failures in topological organizations has been developed, which is an implementation of the proposed method for
modeling failures in topological organizations and allows you to study the behavior of topologies under conditions
of an increasing number of failures and thus compare the fault tolerance of the proposed and existing graphs. An
experimental study of the proposed methods was conducted, which includes an analysis of topological
characteristics and a fault tolerance analysis separately for directly connected (based on redundant numeral code)
and switched (hierarchical) networks. The developed methods demonstrated a significant increase in fault
tolerance and efficiency, allowing to improve general topological characteristics, such as the multiplicative
characteristic of degree and diameter (SD), for which an improvement in the range of 6.7-69.2% was
demonstrated. The proposed solutions demonstrated a 26.3% higher fault tolerance at 50% failures for graphs of
directly connected networks and a 15.7% higher at 40% failures for switched networks. The considered graphs are
competitive in comparison with popular solutions in the subject area, such as fat tree topology and dragonfly.
Comparison with the topology of the Fugaku supercomputer (the most efficient supercomputer today in terms of
HPCG test) showed a significant advantage of the developed solutions (SD improvement by 69.2%, better
topological efficiency by 103.4%). The developed topological solutions can be applied in the development of
massively parallel computing systems, cluster systems and data centers, as well as computer networks, including
software-controlled networks.
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