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Momusayua u yenv: Cpemnm 3amad (pyHZaMEHTANbHOW OWOMH()OPMATHKH MOXKHO
BBIETIUTHh 3a7jady BBIPAaBHUBAaHUS HYKJICOTHIHBIX TIOCIENOBaTEIbHOCTEH. Pemenue
9TOoH 3amaun TpeOyercss B (PUIOTEHETHYECKOM aHAIN3e, HaXOXKICHHU DBOJIIOLUOHHO
KoHcepBaTuBHBIX yuacTkoB JIHK, HO oHa kpaiiHe cioxHas u BXoauT B kiacc NP-
CJIOXHBIX.

B03MOXHO 11 BBITIOTHUTH MOJHEIH Mepebop ABYyX HocieaoBaTenbHocTel? KonndaecTBo
CHOCOOOB BBHIPAaBHUBAHMS JBYX TOCIEAOBATEIBHOCTEH AJIUHBI N M M MMEET MOPSI0K
2MtM 09TOMY BBIYMCIIMTENBHO 3ajlada IOJHOro Iepebopa MpeBpaiaercs B
pemaeMyro 3a 0€CKOHEUHOE BpeMsI.

3amaya BeIpaBHUBAHUS TIOCIIEIOBATEIbHOCTEN B OMONH(OPMATHKE SBIISETCS, B KAKOM-
TO CMBICIIC YaCTHBIM CIIy4aeM 3aj/lad TOMCKa COBIAJICHUHA B CTpoKax ajs andaBuTa,
cocrosimiero w3 4ethipex cumBosioB: A, T, G, C. [lng perieHus Takoil 3amxadu
NPEIOKEHO HEKOTOpPOe KOJH4YecTBO anroputmoB [1, 2]: amroput™ Parkimmda—
Me3snepa, Cmurta—Barepmana, Hunnmana—ByHima. MOXHO BBIIEIUTh CPYIIY
aJTOPUTMOB TIO BBIJICIICHUIO JUIMHHEHIIeH oOmieii nmoanocnenoBarensHoctd LCS, B
KOTOPBIX COTIOCTABIIAIOTCS MAaKCHMalbHO BO3MOXKHOE KOJHMYECTBO 3JIEMEHTOB
3aJJaHHBIX CTPOK C COXpaHEHHEM MOPSAIKA CIIEAOBaHUSI.

OueBUAHBIM 00pa30M HaIpalIMBaeTCs M HWCIOJIB30BaHUS CYIEPKOMITBIOTEPOB.
W3BecTHBI MapaiieibHble peanu3anun anroputMoB Humimana-Bynm u Matt (multiple
alignment with translation and twists, MHOX€CTBEHHO€ BEIpaBHUBaHHUE C TIOBOPOTAMHU U
CABHTaMH) — AITOPUTM, OCHOBAHHBII Ha METO/IE€ BHIPABHEHHBIX Map YYaCTKOB CTPYKTYP
(AFP) [3-5]. B pabote [3] peanu3zanusi napaielibHOrO ajJropuT™Ma MPOBOANIOCH HA
cynepkominbioTepe «JIOMOHOCOB», BXOJSIIEM B COCTaB CYHEPKOMIBIOTEPHOTO
kommiekca MI'Y umenu M.B. JlomoHoCOBa.

Hcnonb3oBaHue CyNepKOMITBIOTEPOB TaKOTO KJIACCa — JIOCTATOYHO JIOPOTOE pellleHHe
MOATOMY aBTOpaMH OblIa TpPEJIOKEHa HJes HCIOIb30BaTh JICICHTPAIN30BAHHOE
pelieHre, OCHOBaHHOE Ha TMOAXOJAe Takux mpoekToB, kak MilkyWay@Home,
Einstein@Home, SETI@home u ap. JlaHHBI#H MOAX0 NMEET Ha3BaHHE JOOPOBOIBHBIX
BBIYUCIICHUN — Pacrpe/ieIeHHbIX BBIYHCICHUH C MCIOIB30BAHUEM TPEIOCTABICHHBIX
JIOOPOBOJIBHO BBIYHCIUTEIBHBIX pecypcoB. OOImas cxema y4acTHS B TaKOM IPOEKTE
pacrnpeneneHHbIX BBIYUCIEHUH COCTOMT B TOM, YTO IIOTCHIMAIBHBIA YYaCTHHK
3arpy’kaeTt KIIMeHTCKYIO 4acTh IPOTPaMMHOI0 KO/1a Ha CBOW MEPCOHANBHBIA KOMITBIOTED
u 3amyckaet ee. KnmmeHTcKoe mpuiioXeHre 1o CeTH UHTEPHET o0pariaeTcs K cepBepy,
MOJTy4aeT BBIYMCINTENBHOE 3a/JaHue, TaHHbIE 7151 00paOOTKHU, BHITIONHSET BHIYNCIICHHS
W UX Pe3yJbTaThl OTIpaBisieT 00paTHO. [Ipy 3TOM BEIYHCIIEHUS TPOBOJATCS B (OHOBOM
pEeXUME U ¢ MUHAMAIIBHBIM MPHOPUTETOM, TaK 4TO padoTa TaKOro MPHIIOKEHUS He
CKa3bIBaeTCsl HA OCHOBHOHM paboTe mojb3oBaTels. Takol moaxoa ObUT MpeIoKeH B
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cepeanne 1990-X IT. B cBs3U ¢ OypHBIM Pa3BUTHEM CETH HHTEPHET U JIABUHOOOPA3HBIM
YBEJIMUCHHEM KOJMYECTBA MOAKIIIOYCHHBIX K HEl KOMITBIOTEPOB MOJIb30BATENCH.
HenaBHuM mnpumepoM — yclexoB  IOJAOOHBIX METOAOB  PELICHHS  TSDKEIBIX
BBIYUCIUTENbHBIX 3afad sBisiercss OoTKpbiTHE 5000 OKOJIOCOTHEYHOH KOMETHI
kocMmuyeckoit maboparopueit SOHO [6] n00poBosbIlaMHM TPaXKJAHCKONW HAYKH
Sungrazer [7]. TlostomMy aBTOpHI TMONLIM MO WyTH pPa3pabOTKH aJrOpUTMA,
MO3BOJISIIOLIETO  BBIIIOJHATH  OMOJOIMYECKHE BBIUMCIEHMS Ha IEPCOHAIBHBIX
KOMITbIOTEPaX HAYYHBIX BOJIOHTEPOB.

Memoov:t  u  aneopummevi: B KkadecTBe ~ aNrOPUTMOB  BBIPAaBHHUBAHUS
MOCJIeI0BAaTENBFHOCTEN OblIM BHIOpaHbl 2 amroputMma: Matt [5] u paspaGoraHHbI
aBTOPaMU HUTEPALMOHHBIA AITOPUTM IIOCIIEAOBATEIBHOTO IMOWCKA PACHIMPSIOIIEHCS
nocienoBaTenbHOCTH. CyTh MPEIOKEHHOTO alrOpUTMa MOXKHO OIMHUCATh CICAYIOUIeH
cxemoit. Ilyctp y Hac wmmeercs nBe mocnemoBatensHocTh U m D. B maHHBIX
MI0CJIEI0BAaTENFHOCTSIX UMEIOTCS YK€ BRIPOBHEHHBIE noAnocaenosarenbHoctu Uo 1 Do.
Iocnenosarensroctr U u D mMoxHO npeactraButs B Buae U = U UgUgr, D = D DoDr.
Ha KaXXa10M niare aJropurMa 6YIICM IbITATbCS pacminpuThb HUMCIOIIHECA
nocnenoBatenbHocTd Ug 1 Do cumBomamu 3 UL u Di. cieBa m Ur u Dr cmpaBa. B
ciydae, €cli 3TO BO3MOXHO, BBIPOBHEHHBIC IOAINOCIECIOBATENFHOCTH OyIyT
COOTBETCTBEHHO PACHIUPSATHCS, a PpaCIIUpEHHbIE MOCIEA0BATENbHOCTH OyIyT
COXPAHSTHCS B MaMATH IS JAJIbHEHIIEH MOMBITKY PaCIIMPEHHUS.

s pacnapaienuBanys BBIYUCIECHUN HA OCHOBE allropuTMa Matt ucnosb3yercs MeTo
KOJUISKTHBHOTO DEIICHHs, NpeIoKeHHbI B pabdore [3] M amanTupoBaHHBIA st
BBIYUCJICHUN HA OTAEIBHBIX BBIYUCIUTEIBHBIX y3JIaX.

Macrep-nipouiecc (CepBepHBIN IpoLlecC) HAa MEPBOM JTale alropuTMa IOJIydaeT
BCEBO3MOXKHBIC MAapbl CTPYKTYP M PAaBHOMEPHO paclpelesiieT MX MEXKIY BCEMH
JOCTYIIHBIMU BBIYUCIUTCIBHBIMU Y3JIaMU. Jlanee IMPOUCXOJUT BBIPABHHMBAHHNE BCEMU
nporeccamMy U cOOp JaHHBIX B MacTep-IpoLecce.

Pesynomamer: Pe3ynbraroMm naHHOW paOOTHI SABISCTCS KOMITBIOTEPHAS pealin3alus
aJrOPUTMOB Matt u [IOCJIEI0BATENBHOIO IIOMCKA pacuMpsroIencs
nocienoBaTenbHOCTH. KiMeHTckas 4acTh 00OMX aJrOpUTMOB pEaM30BaHa B BHUIE
XpaHWUTENI SKPaHa, BBIMOJHSIOWIETOCS B IEPHOAbI HEAKTUBHOCTH paboumx MecTe.
CepBepHast 9acTh peaiM30BaHa B BUjIe PHIIOKeHHs, paboTaromiero B cpeae OC Linux.
YucneHHblE OKCIEPUMEHTHl MOKa3adu Oonbinyr0  3QQeKTHBHOCTH NOAXO[a,
OCHOBaHHOTO Ha anroputMe Matt B ciryuae, Korjja 0THOBpeMEHHO paboTaeT JOCTAaTOUHO
MHOTI'O KIIMECHTCKUX HpI/IHO)KeHI/Iﬁ u OHM TOTOBBI OIICPATUBHO IMpUHUMATh
BBIYUCJINUTCIIbHBIC 3aJaHUs. HpI/I 9TOM, €CJIM BBIYUCIHWUTEIBHBIC Y3JIbl C KIIMCHTCKUMHA
NPUIOKEHUSIMH TIOSIBJISIIOTCSL HEperyJisipHo, Oojniee 3(h(peKTUBHBIM SBISIETCS MOIXON
pacimpsIoIeics MoCiIe0BaTeIbHOCTH.

Buisoowi: TlogBost UTOT HCCIeJOBaHUIO, MOYKHO C YBEPEHHOCTBIO CKa3aTh, YTO MOJXO/,
OCHOBAaHHBIH Ha JOOPOBOJIEHBIX BBIYMCICHMSAX, BIOJHE HMMEET NPaBO Ha XHU3Hb U
M03BOJISIET 00padaTHIBATh NOCIECAOBATEILHOCTH JITMHON B IECSITKU THICSIY CUMBOJIOB Ha
O6I)I‘-IHBIX TMEPCOHAIBHBIX KOMIIBIOTEPAX HAYYHBLIX BOJIOHTCPOB, HE Tpe6y$1 pru 3TOM
MOIIHOCTEN CYNEPKOMIIBIOTEPOB. 1IpH 3TOM pe3ynbTUPYIOIUN AJITOPUTM JOJDKEH
npeaycMaTpuBaTh 3Tal  BepU(HKALUU Ppe3ysIbTaTOB, IIONYYEHHBIX Ha BHEIIHUX
BBIYMCIWTEIIBHBIX Y3JIaX, HO 3Ta 3a/ia4a Ha ITOPAAKH Ooinee ImpocTas U MOXKET OBITH JIETKO
BBITIOJIHEHA 1 HE OYCHBb IIPOMU3BOANTEIIBHBIX pECypCax.
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Ho mpu 3TOM CTOMT OTMETUTh W MHUHYC TaKOTO alrOpuTMa — OYEHBb CIIOXKHO
rapaHTUpOBaTh BpeMs ero pabotel. Ho mpu moctaTouHOM KOJMUYECTBE MOJIb30BaTEIeH
CHCTEMBI 3TOT HEIOCTATOK MOXKET OBITh MPAKTHIECKH CBE/ICH HA HET.
Qunancuposanue. Pabora BBINONHEHA INpU (UHAHCOBOM MOAJEPIKKE IPOTPAMMEI
¢dbynnamenTanpHeIX HayuHbix uccnepoBanuii CO PAH Ne 1.1.5 (mpoext FWNF-2022-
0009).
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Motivation and Aim: Among the problems of fundamental bioinformatics, one can
highlight the task of aligning nucleotide sequences. The solution to this problem is
required in phylogenetic analysis, finding evolutionarily conserved DNA regions, but it
is extremely complex and belongs to the class of NP-difficult.

Is it possible to perform an exhaustive search between two sequences? The number of
ways to align two sequences of length n and m is of the order of 2™™, so computationally
the exhaustive search problem becomes solvable in infinite time.

The problem of sequence alignment in bioinformatics is, in a sense, a special case of the
problem of finding matches in strings for an alphabet consisting of 4 characters A, T, G,
C. To solve this problem, a few algorithms have been proposed [1, 2]: Ratcliffe—Mezner,
Smith-Waterman, Needleman-Wunsch algorithm. We can distinguish a group of
algorithms for identifying the longest common LCS subsequence, which compare the
maximum possible number of elements of given strings while maintaining the order.
The obvious idea is to use supercomputers. There are known parallel implementations
of the Needleman-Wunsch and Matt algorithms (multiple alignment with translation and
twists), an algorithm based on the method of aligned pairs of structure sections (AFP)
[3-5]. In work [3], the implementation of the parallel algorithm was carried out on the
Lomonosov supercomputer, which is part of the supercomputer complex of Moscow
State University named after M.V. Lomonosov.

The use of supercomputers of this class is a rather expensive solution, so the authors
proposed the idea of using a decentralized solution based on the approach of projects
such as MilkyWay@Home, Einstein@Home, SETI@home, etc. This approach is called
voluntary computing - distributed computing using provided volunteer computing
resources. The general scheme of participation in such a distributed computing project
is that the potential participant downloads the client part of the program code onto his
personal computer and runs it. The client application accesses the server over the
Internet, receives a computational task, data for processing, performs calculations and
sends their results back. In this case, calculations are carried out in the background and
with minimal priority, so that the operation of such an application does not affect the
user’s main work. This approach was proposed in the mid-1990s. due to the rapid
development of the Internet and an avalanche-like increase in the number of user
computers connected to it.
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A recent example of the success of such methods for solving heavy computational
problems is the discovery of the 5000th circumsolar comet by the SOHO space
laboratory [6] by Sungrazer citizen science volunteers [7]. Therefore, the authors took
the path of developing an algorithm that allows performing biological calculations on
the personal computers of scientific volunteers.

Methods and Algorithms: Two algorithms were chosen as sequence alignment
algorithms: Matt [5] and an iterative algorithm developed by the authors for sequential
search for an expanding sequence. The essence of the proposed algorithm can be
described by the following diagram. Let us have two sequences U and D. These
sequences contain already aligned subsequences Uo and Do. Sequences U and D can be
represented as U = U UoUr, D = DLDoDr. At each step of the algorithm, we will try to
expand the existing sequences Ug and Do with symbols from U, and D, on the left and
Ur and Dr on the right. If possible, the aligned subsequences will be expanded
accordingly, and the expanded sequences will be stored in memory for further expansion
attempts. To parallelize calculations based on the Matt algorithm, the collective solution
method proposed in [3] and adapted for calculations on individual computing nodes is
used. At the first stage of the algorithm, the master process (server process) receives all
possible pairs of structures and distributes them evenly among all available computing
nodes. Next, alignment occurs by all processes and data is collected in the master
process.

Results: The result of this work is a computer implementation of the Matt algorithm and
the sequential search for an expanding sequence. The client part of both algorithms is
implemented in the form of a screen saver that runs during periods of inactivity on the
desktop. The server part is implemented as an application running in the Linux OS
environment.

Numerical experiments have shown the great efficiency of the approach based on the
Matt algorithm in the case when quite a lot of client applications are running
simultaneously, and they are ready to quickly accept computational tasks. However, if
computing nodes with client applications appear irregularly, the expanding sequence
approach is more effective.

Conclusion: Summing up the study, we can say with confidence that the approach based
on voluntary computing has the right to life and makes it possible to process sequences
of tens of thousands of characters in length on ordinary personal computers of scientific
volunteers, without requiring the power of supercomputers. In this case, the resulting
algorithm must include the stage of verifying the results obtained on external computing
nodes, but this task is orders of magnitude simpler and can be easily completed even
with not very productive resources. But it is worth noting the disadvantage of such an
algorithm — it is very difficult to guarantee its operating time. But with a sufficient
number of clients, this disadvantage can be practically eliminated.

Funding: The study is supported by the SB RAS program of fundamental scientific
research No. I.1.5 (project FWNF-2022-0009).
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