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Annotanus. [Ipn 4rcIeHHOM MOJICITUPOBAHUH MTPOIIECCOB BO3HUKAET HEOOXOIMMOCTD PEIICHHST CUCTEM
JTUHEHHBIX anreOpanveckux ypaBHeHud (CJIAY) Gombmioit pasmeproctu. OmneparnBHoe penrenne CIIAY
OoNBIINX pa3MepHOCTEH TpeOyeT 3HAYMTENBHBIX BBIYMCIUTEIBHBIX MOIIHOCTEH, JUIS YEro HCIONIB3YIOTCS
MHOTOITPOIIECCOPHBIE BBIYUCIUTEIbHBIE CHCTEMBI. OCOOCHHOCTH MTOCTPOCHHUS BBIYNCIUTEIBHBIX CHCTEM Tpa-
JUIMOHHOM apXUTEKTYPBl TAKOBBI, 4TO POCT MPOU3BOIUTEIEHOCTH CYIIECTBEHHO 3aMEIIISIETCSI U MOYKET JIaKe
CHIKATBCS MTOCTIC JIOCTHKEHUSI KPUTHYHOTO YHCiIa MPOIECCOPOB BCJICACTBHE TOTO, YTO OpraHU3alysl Mapai-
JIETBHBIX BBIYUCICHUH TpeOyeT OoJblie BpEMEHH, YeM COOCTBEHHO BBIUMCICHUS. JIJIsl yCKOPEHUS pEIICHUs
CJIAY npumeHsIoTcst pa3inyHble HTEpAlMOHHBIE METO/IbI, OJJHAKO JUIS BCEX XapaKTepHa ClieyIomias 0CoOeH-
HOCTB: BBIYHCIICHHE k-TO IPHOIIMKEHNS] BEKTOPA HEM3BECTHBIX ITPOM3BOIUTCS 110 3HAYCHHSIM, OTyYCHHBIM Ha
TIPEABIIYIIEH UTepalii. AJBTEPHATHBHBIM CIIOCOOOM YCKOPEHHMS BBIYHUCICHHUH SIBIISICTCS] MCIIOIb30BaHUE 0O-
Jiee COBEPIICHHBIX OBICTPBIX BBIYUCIUTEIBHBIX AJITOPUTMOB, MO3BOJISIONINX JOOUTHCS 3HAYUTEIBHOTO YCKO-
peHUS BBIYUCIICHUI MyTeM PEKYpPCHBHOIO pa3OMEHHs BXOJHOW ITOCIIEIOBATEILHOCTH Ha JIBE PaBHBIC YACTH.
Jnist nTepallMoHHBIX METOJIOB B IIEJIOM M JUIsl MeToa SIKoOM B YaCTHOCTH METOJ JICJICHHSI TTOTI0JIaM He IMpH-
MEHSIJICS paHee, MOCKOJIBbKY MPH NPOrPaMMUPOBAHUH BBIYUCIUTEIBHBIX CUHCTEM TPAAUIIMOHHON apXUTEKTYPhI
HCIIONB3YeTCsl POLIeTypHasi TapaJuryMa BEIYUCICHHUH, KOTopas MopasyMeBacT MOCIIEI0BaTEeIbHOE ONMCaHNe
oleparyii BEIMOIHIEMOro anroputMa. [Ipy cTpyKTypHOM MOJX0Je K OpraHU3aliy BEIYUCICHUN MOSIBIISCTCS
BO3MOYKHOCTH peajiM3allii BCero MH(OpPMAIMOHHOTO rpada 3aJa4dd, YTO MO3BOJISIET ONTUMH3HPOBATH aJIro-
pUTM.

PaccmoTrpena BO3MOXKHOCTB TPUMEHEHHE JICJICHHSI TTOTI0aM JUTs MO (UKAIMN HHPOPMAMOHHOTO Tpada
Meroa Skoou. /st ogHOMEpHOTO ciydasi ObIcTporo Metoaa SIkoOu MpHUBEICHBI OLCHKH BBIYMCIUTEIBHBIX U
BpPEMEHHBIX 3arpar. OmnucaH crocod pacuIMpeHust MEeTo/Ia JCJICHHS MTOTI0IaM JUIsl IBYMEPHBIX U TPEXMEPHBIX
3aja4. [IpuMeHenune aeneHus MonoiaM B COYETAHUU CO CTPYKTYPHBIM ITOJXOJIOM K OpraHHM3alliH BBIYHCIIC-
HUH TO3BOJISIET JIOOMTHCSI 3HAYMTEIFHOTO MOBBIIICHHS POU3BOUTEIILHOCTH BBIYNCIUTEIBHBIX CHCTEM TPU
pemennu CJIAY metonom SIkoOu, a Takke MoIy4nTh YCKOPEHHeE OT 3,5 pa3a Mo CpaBHEHUIO C KIACCHYECKUM
METOJIOM.

KiroueBble c/10Ba: YnCICHHBIC METO/bl, aBTOIIOACTAHOBKA, UTCPALITMOHHBIC MCTOABI PEIICHUA CJIAY.

THE FAST JACOBI METHOD FOR SOLVING SYSTEMS OF LINEAR ALGEBRAIC EQUATIONS
ON RECONFIGURABLE COMPUTING SYSTEMS

LI Levin', M.D. Chekina?

Abstract. At numerically modeling processes, it becomes necessary to solve systems of linear algebraic
equations (SLAE) of large dimension. The operational solution of large-scale SLAE requires significant
computing performance, for which multiprocessor computing systems are used. The features of the design of
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computing systems with traditional architecture are such that performance growth slows down significantly and
may even decrease after reaching a critical number of processors. This is due to the fact that the organization
of parallel calculations requires more time than the actual calculations. Various iterative methods are used to
accelerate the SLAE solution. However, the following feature is typical for all of them — the calculation of
the k-th approximation of the vector of unknowns is based on the values obtained in the previous iteration.
An alternative approach to accelerate calculations is to use more advanced fast computing algorithms that
can significantly speed up calculations by recursively splitting the input sequence into two equal parts. For
iterative methods in general and for the Jacobi method in particular, the bisection method has not been used
before, since the programming of computing systems with traditional architecture uses a procedural computing
paradigm, which implies a consistent description of the operations of the performed algorithm. At the structural
approach to the organization of calculations, it becomes possible to implement the entire information graph of
the task, which makes it possible to optimize the algorithm. The paper covers the possibility of using bisection
to modify the information graph of the Jacobi method. For the one-dimensional case of the fast Jacobi method
estimates of computational and time costs are given. The approach for extending the bisection method for
two-dimensional and three-dimensional problems is also described. The use of bisection in combination with
a structural approach to computing organization makes it possible to achieve a significant increase in the
performance of computing systems when solving SLAE using the Jacobi method, as well as to obtain an
acceleration of 3.5 times compared to the classical method.

Keywords: numerical methods, auto-substitution, iterative methods for solving SLAE.
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