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AHHoOTanus. Pa3paboTaHa MoJeb IPOrHO3UPOBAHH I BpeMeHHU TPACCUPOBKH B OCHOBE ITPOIPAMMHOI0 MOAY/IS
ronbopa BXOLHBIX IIaPAMETPOB [JIsl YCKOPeHHU I BBIIIOJIHEHH S 3TAlla TPACCUPOBKH cpencTBaMu CAIIP X-CAD
IJis peanu3aluu HUPPoBhIX cxeM Ha [IJIMC. BeIYMCIKUTE/IbHbBIE SKCIIEPUMEHTHI [IPOJEeMOHCTPHUPOBAJIK COKpa-
LIeHHe BpeMeHU reHepaluy TPAaCcCHPOBOYHOrO pelleHMs B 1,5 pa3a B cpegHeM a1 [TJIHC 5510TC028.
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Abstract. A model for predicting routing time has been developed, forming the core of a software module for tun-
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BBE/JEHUE

B TeKyLIMX YCTIOBUSIX MacCIITabHOro MMIIOpTO3aMellle-
HMS BO3HHKaeT HeobXonHMMOCTh Bce 6osee MHPOKOTo
NpUMeHeHHUS! 0TeueCTBEHHBIX IIPOrpaMMHUPYyeMBbIX
JIOTHYeCKHX MHTEeIPAJIbHBIX CXeM (TIJIUC). KiroyeBbIM
daxTOpOM, OKa3bIBAIOUIUM BIHSHHE Ha KauecTBO
Ppe3y/bTaToB [IPOEKTHUPOBAHUS B UX 6a3uce, SIBISIOTCS
CHUCTeMBl aBTOMATH3UPOBAHHOIO IIPOEKTHUPOBAHUS
(CAIIP), uX IPOM3BOLUTENBHOCTD U YI06CTBO paboThl
C HUMH.

MapupyT IpoeKTHPOBaHUS cxeM B b6a3mce ITJIHC
COCTOHUT M3 3TAIIOB JIOTUYeCKOro CHHTe3a, GH3HUUeCcKoro
CHHTe3a (BK/II0YAIOIIero KJIacTepr3alitio, pa3MelleHue
Y TPacCHUPOBKY), LUPPOBOro MOJeTIMPOBaHUS, CTATH-
YecKoro BpeMeHHOT0 aHajIK3a, CO3/JaHM sl IPOLUIMBKHU.
Hawnboree 3aTpaTHBIM I10 BpeMeHH U 06beMy BEIYHCTIe-
HUI SB/ISIeTCs IpeBapUTe/NbHBIHN 3Tall TPACCUPOBKHU
B COCTaBe 3Tala pU3NUIecKoro cuHTesa. Kpome Toro,
MMeHHO Ha HeM 3HauMTe/lbHbIM 06pa30oM HeraTUBHO
OTpa’kaeTcs TeHJEHIUS K POCTy CTelleHH MHTerpa-
LM HOBBIX MHKPOCXeM. B CBSI3U C 3THM, ero yCKopeHHe
WTpaeT BasKHYIO PO/Ib C TOUKH 3peHH s 3PHeKTHUBHOCTH
CAIIP.

OIHHM M3 BO3MOXKHBIX CII0COO0B yCKOpeHH S 3Tala
TPaCCHPOBKHU SBJIS€TCS IPHMeHeHKe MeTO/I0B MalllKH-
Horo obydyeHus (MO). B HacTosIlee BpeMsi BeAylire
paspaboruuku CAIIP ms IJIMC (Rommanuu Altera,
AMD) y>Ke [OJTyYH/IH II€PBBIH YCIIEIIHBIH OIIBIT BHEIpe-
HHUS MHTeJUIeKTya IbHBIX METOIUK B CBOMX IIPOAYKTaX,
1 MCC/IeJOBAHMSI B 3TOM 06IaCTH IIPe/ICTaBISIOTCS Hau-
boree repCcrieKTUBHBIMHU.

B IaHHOM CTaThbe ONMCAaH OIBIT IPUMEHEHHUS OTKPbI-
TOM 6MOIHMOTeKH MAaIIMHHOTO oby4deHus CatBoost [1]
1715 rofgbopa mapaMeTpoB JITOPUTMA TPACCUPOBKH
B coctaBe CAIIP ajist IUIHC X-CAD [2]. B pa3mere 2 paccmo-
TPeHBI CYILeCTBYIOIIHe IIOAXO0AbI K IIPUMeHEeHUI0 MeTO-
J0B MAIIMHHOTO 06yueHHUsI B MapIIpyTe IPOeKTHPOBa-
Hus cxeM Ha I[TJIMC. Pasgen 3 OCBAIIEH MCIIOIb30BaH-
HBIM B IAaHHOM paboTe HHCTpyMeHTaM. Pa3zen 4 comep-
SKUT ONHCaHHe UJeHd NpUMeHeHUs mozmenu CatBoost
IJ1sL 5TaIla TPACCHPOBKU U ee pea/iM3alliU B COCTaBe
MmapupyTa npoektupoBaHus B CAIIP X-CAD. B pas-
Iiese 5 IpeJiCTaB/IeHBl Pe3y/IbTaThl BEIUYHUCIUTENIbHBIX
3KCIIEPUMEHTOB M AHAJIM3 BIHSIHUS pa3paboTaHHOIo
II0JIX0/la Ha UTOrOBble XapaKTEePUCTHUKHU IIPOEKTUPY-
eMBbIX cxeM. B paszenax 6 u 7 IpuBeJeHbl HEKOTOPbIe
TPYLHOCTH IIO/IXO[a, BO3HUKIIKE B X0fe pa3paboTKH,
Y 3aK/II0UYeHHe, COOTBeTCTBEHHO.

AHAJIU3 CYLLECTBYIOLWUX METOAUK NPUMEHEHKNSA
MALWWHHOIO OBYYEHUA B MAPLUPYTE
NPOEKTUPOBAHWUSA CXEM B BA3WUCE N/IUC

TeXHOJIOTMH MAIIMHHOTO0 06y 4eHHs1, [I0/TyYHBIIIHE CTpe-
MUTeJIbHOe Pa3BUTHE B II0C/IeTHEee BPeMsl, HaXOAST IIPU-
MeHeHHe Bo MHOXecTBe cdep. HcKIIoueHneM He CTalu

INTRODUCTION

In the current conditions of large-scale import substi-
tution, there is a need for increasingly widespread use
of domestic programmable logic integrated circuits
(FPGAS). A key factor influencing the design results quality
based on them is computer-aided design (CAD) systems,
their performance and ease of use.

The route for designing circuits in the FPCA database
consists of the stages of logical synthesis, physical
synthesis (including clustering, placement and routing),
digital modelling, static timing analysis, and firmware
creation. The most time-consuming and computationally
intensive stage is the preliminary routing stage, which is
part of the physical synthesis stage. In addition, it is this
stage that is significantly affected by the trend towards
greater integration of new microcircuits. In this regard,
accelerating this stage plays an important role in terms
of CAD efficiency.

One possible way to speed up the tracing stage is
to use machine learning (ML) methods. Currently, leading
developers of CAD for FPCAs (Altera, AMD) have already
had their first successful experience of implementing
intelligent techniques in their products, and research in
this area appears to be the most promising.

This paper describes experience of using the CatBoost
open machine learning library [1] to select tracing
algorithm parameters in the X-CAD CAD system for FPGAs
2]. Section 2 reviews existing approaches to of machine
learning application methods in the FPGA circuit design
flow. Section 3 is devoted to the tools used in this work.
Section 4 describes the idea of applying the CatBoost
model to the tracing stage and its implementation as part
of the design route in the X-CAD CAD system. Section
5 presents the results of computational experiments and
an analysis of the impact of the developed approach on
the final characteristics of the designed circuits. Sections
6 and 7 describe some of the difficulties encountered
during development and the conclusion, respectively.

ANALYSIS OF EXISTING METHODS FOR APPLYING MACHINE
LEARNING IN THE DESIGN PROCESS OF CIRCUITS IN THE
FPGA DATABASE

Machine learning technologies, which have undergone
rapid development in recent years, are used in a variety
of fields. CAD for FPCAs is no exception, with machine
learning methods being incorporated into design algo-
rithms to significantly improve the quality of the resulting
solutions. For example, AMD, the second largest devel-
oper in terms of sales on the global FPGA market, uses
these technologies in its Vivado CAD [3]. Their use allows
for more efficient logical optimisation, circuit delay
estimation, and certain other operations. Collectively,
the application of machine learning methods has made
it possible to significantly speed up route traversal while
simultaneously improving the quality of design results.
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u CAIIP g ITVIMC, B KOTOPBIX METOABI MaIlIMHHOLO
0byueHHsI BHeIPSIOTCS B AJITOPUTMBI IIPOEKTHPOBA-
HUS Y II03BOJISIOT 3HAYMTE/IbHO IIOBBICUTH Ka4YeCTBO
10/ly4aeMBbIX UTOTOBBIX pellleHHH. Tak, JaHHEIe TeX-
Hosoruu B pabore CAIIP Vivado [3] mpuMeHsieT KoM-
naHus AMD, BTopo o 06beMy peanrsyeMok IIpo-
OYKIIUH pa3paboTurK Ha MHPOBOM pelHKe IIJIHC. Hx
KCIIO/Ib30BaHUe I103B0IsgeT 3QPeKTUBHEee IIPOU3BO-
OHUTB JIOTHYECKYIO ONITUMH3ALINIO, OLIEHKY 3aJepsKeK
CXeMbl M HeKOTOphIe Jpyrue omnepauuu. B cOBOKyII-
HOCTH IIPUMeHeHHe MeTO/I0B MalIMHHOr0 00yueHU
I103BOJIMJIO KPATHO YCKOPUTH ITPOXOKAEHME MapIIpyTa
C OIHOBPE@MEHHBIM yIy4dIlleHUeM KayecTBa pe3yibra-
TOB IPOEKTHPOBAHU .

AKTHBHBIE YCHUJIHS pa3paboTUMKOB HaIlpaBIeHbI
Ha NpPUMeHeHHe MeTOJ0B MaIlMHHOro obydeHHUS
IJ151 yly4IleHus paboTsl OTAEIbHBIX 3TAIIOB IIPOEKTH-
PpOBaHMs, B YaCTHOCTH ~ TPACCUPOBKU. OHa IIpeACcTaB-
7n5ieT cob0oM 3aKJII0UHTeTbHBII 3TaIl PHU3HIEeCKOr0 CHH-
Te3a B MapIIpyTe MPOeKTHPOBaHUA cxeM Ha [IJIHC.
B pe3ynbTaTe ee BBIIIOJIHEHHS 0becriednBaeTCs 0TO-
OpaskeHHe IIPOEKTHBIX LieTleH, MTOyYeHHBIX Ha 3TaIle
JIOTMYECKOTO CHHTEe3a, Ha UMeIOLHecs TPaCcCuPOBOY-
Hele pecypchl IVTMC. Takum 06pa3oM, oCyIecTBIISIeTCS
coeMHEHHE JJOTMYeCKHX 3JIEMEHTOB 1 JPYTHX KOMIIO-
HeHTOB [1JINC (g4eek BBoza/BBIBOA, CJIOKHO-QYHKIIH-
OHAJIBHBIX 0JI0KOB) MeKAy cob0i1. OT KadeCTBa BBIIIOJ-
HEeHHS TPACCHPOBKU HAIIPAMYIO 3aBUCSAT BpeMeHHbIe
XapaKTePUCTHUKHU II0JIyYaeMBbIX CXeM, II03TOMY yIyd-
meHue nprumeHseMsiX B CAIIP alroOpuTMOB TPaCCH-
POBKHM OCTaeTCs Ba>KHBIM HaIlpaBIeHHEM [JIs HCCIie-
TOBaHMI. [lajiee MpeCTaBIeHBI aKTyaTIbHBbIe PAOOTEHI
B 9TOH CBSI3H.

OpHOM M3 3ajad, pelraeMsIx B pabote [4], sBus-
eTCs IIPOTHO3UPOBAHHE Pa3BOSMMOCTH IIPOEKTHBIX
Llelled Ha OCHOBe JAHHBIX IIPeJbIAyIIHUX 3TAIlOB IIPO-
eKTHpoBaHU . OCHOBOM IIPe/iCKa3blBAIOLIEN MOAEIU
DLRoute BEICTyIlaeT CBepPTOUHAsl HEHMPOHHAS CeTbh.
B xadecTBe BXOJHBIX JAHHBIX OHA [IPUHUMaeET YeThIpe
KapThI [IePerpy>keHHOCTH, OTPpaskaloliue JJIMHY MeK-
CoefHMHeHUH Ha eJHHHUIY IUIOIALH, KOTHUYIECTBO
TepMHHAJIOB IPOEKTHEIX Llellel U KOJTHUYeCTBO pa3-
pe3aHHBIX Lienel (MMeIoIUX BHEIIHHEe TePMHUHAJIbI)
BHYTPH [JBYX Pa3/JMYHBIX II0 [IJI0IaAHd $parMeHTOB
IIOBEPXHOCTH KPHUCTajIa. B pesynbraTe aHajaKM3a KapT
MOJIe/Ib IeJIaeT IpecKa3aHue O Pa3BOAUMOCTH CXeMBI
C TAKUM pasMenieHueM. IIppMeHeHHe JaHHOTO 10"
X0/ IIO3BOJIMJIO IIPOITYCKATh BHIIIOTHEHKEe HEKOTOPBIX
3TAIIOB IIPOEKTHPOBAHHUS [JIS1 CXeM C XOpOLIeH pas3-
BOOMMOCTBIO B T€M CAMBIM YCKOPHJIO BHIIIOJTHEHHE
MapupyTa Ha 48,3%. CymMMapHas JJIMHA MeXKCOeIH-
HEHUWHU [IPH 5TOM YBeIUYM/IACh Ha 4,3%.

B ctatbe [5] onmmcaHa pa3paboTka reHepaTUBHO-
COCTSI3aTe/IbHON HeHMPOHHOM CeTH, C IIOMOIIBIO0 KOTO-
POM Ha OCHOBe JaHHBIX O pa3MelleHHUH U B3aMHOU
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Developers are actively working to apply machine
learning methods to improve individual design stages,
particularly routing. Routing is the final stage of physical
synthesis in the FPCA circuit design process. As a result,
the design circuits obtained at the logic synthesis stage
are mapped onto the available FPGA routing resources.
This connects the logic elements and other FPGAs
components (input/output cells, complex functional
blocks) to each other. The timing characteristics
of the resulting circuits depend directly on the quality
of the routing, so improving the routing algorithms used
in CAD remains an important area of research. Current
work in this area is presented below.

One of the tasks addressed in [4] is predicting
the separability of design circuits based on data from
previous design stages. The DLRoute prediction model
is based on a convolutional neural network. It takes four
congestion maps as input data, reflecting the length
of interconnections per unit area, the number of design
circuit terminals, and the number of split circuits
(having external terminals) within two different areas
of the crystal surface. Based on the analysis of the maps,
the model predicts the layout routability with this
placement. Using this approach made it possible to skip
certain design stages for layouts with good routability,
thereby speeding up the routing process by 48.3%. The total
length of interconnections increased by 4.3%.

The paper [5] describes development of a generative-
competitive neural network, which was used to create
a heat map of the potential location of overloaded areas
of the crystal at the tracing stage, based on data on
the placement and interconnection of FPCA elements.
Based on the results of its analysis, changes can be
made to the placement of the designed circuit to reduce
the complexity of the routing task, which will ultimately
lead to improved routability and higher quality
of the resulting routing solution.

Another category of scientific work includes research on
machine learning methods application at the top level in
relation to software for designing integrated circuits, for
example, for selecting CAD input parameters that improve
the quality of design results. An example of such work is [6].
It describes the machine learning methods application for
tuning the parameters of the algorithm for placing circuits
that include complex functional blocks. On a number
of test circuits, the proposed solution demonstrated
the fundamental possibility of achieving improvements
in both classic industry metrics of area, delay, and power
consumption, as well as in the number of design rule
violations (DRC) and total interconnect length.

SOFTWARE USED
1. CatBoost Library
The basis for development a predictive model in this
work was the open machine learning library CatBoost
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CBsI3aHHOCTH 371eMeHTOB IIJIMC co3maBanach TEILI0-
Bas KapTa IIOTeHIMa/JIbHOIO PACIIOIOKEeHU A IIeperpy-
SKeHHBIX YYaCTKOB KPUCTaJ/I/Ia Ha 3Talle TPAaCCUPOBKHU.
Ha ocHOBe pe3y/bTaToOB ee aHaIK3a MOTYT ObITh BHe-
CeHbl M3MeHeHH s B pa3MellleHHe POeKTHUPyeMOHt
CXeMBI JI/Isl CHHUSKeHH S CJIOKHOCTH TPAcCHUPOBOYHOM
3ala4H, 4TO B UTOTe II03BOJIUT JOCTHUYb YIy4IleHHON
Pa3BoOAMMOCTH U 60jlee BBICOKOTO KaueCTBa Moyyae-
MOI'0 TPACCHPOBOYHOI0 PelIeH .

K MHOI KaTeropuu Hay4HBIX PaboT OTHOCSTCS
KCC/IeIOBaHM A 110 IPUMEHEHHI0O MeTON0B MallMH-
Horo obyueHMs Ha BepXxHeM ypOBHe I10 OTHOLIEHHIO
K IIPOrpaMMHOMY obecIiedeHHUIO [/ IIPOeKTHPOBa-
Hus CBUC, HanmpuMep, A1 ogbopa BXOAHBIX I1apa-
MeTpoB CAIIP, obecriedrBaIOIIKX yAyUIleHHe Kade-
CTBa Pe3y/IbTaTOB IPOeKTHPOBAaHUS. IIpUMepoM TaKor
paboThl siB/IsleTCs CTaThs [6]. B Hel oIMcaHO NpHMeHe-
HMe MeTO/JI0B MaIIMHHOTO0 06y4eHHUs A1 HACTPOHKHU
IIapaMeTpOB aJIFOPUTMa pa3sMeleHHUs CXeM, BKIII0-
YaIUX CI0KHO-QYHKIIMOHAIbHEIe 6;10KH. Ha psizme
TECTOBBIX CXeM IIPeJJIO’KeHHOe pelleHue I10Ka3alo
NPUHLMIIHAIBHYI BO3MOKXHOCTb JOCTHYb yIyyYIle-
HHMS KaK I10 KJIACCHYEeCKHUM OTPACIeBbHIM MeTPHUKaAM
IJIOMAAH, 3aZeP>KKH U MOoTpebaseMoi MOIHOCTH,
TaK M I10 KOJIMYeCTBY HapyLIIeHHUH [TPaBHJI IIPOEKTHPO-
BaHUs (DRC) ¥ CyMMapHOH JJINHE MesKCOeJTHEeHHU .

NCMNOb3YEMbIE NPOrPAMMHBIE CPEACTBA

1. bubnunoteka CatBoost

OCHOBOM M5 CO3MAHUS IIPOTHO3UPYIOIIEeH MOJelH
B IaHHOM paboTe BBICTYIIMJIA OTKPBITAs OK6IHOTEKA
MamuHHOro obyueHus CatBoost Ha si3bIKe IIPOrpaM-
MmupoBaHus Python, paspaboTaHHass KOMIaHUeN
slHAeKc. B ocHOBe GOpPMUPyeMBIX Ha ee OCHOBE MOJIe-
7er HaXOAUTCSI MeToJl IpafieHTHOro bycTuHra. OH
nojpasyMeBaeT obbeJUHeHHe HeCKOIbKUX CIabbIx
a7ITOPHUTMOB MalIMHHOI0 06yueHMs1 B OAWH CHUJIbHBIH,
rae KakKAbIH IOCAeyIOU UK aJITOPUTM yUHUTEIBaeT
omubky nmpeasgyuiero. CatBoost oNTUMHU3HUPOBaHA
07151 paboThl C KaTerOpHalbHBIMU IIPHU3HAKAMHU, YTO
[103BOJISIET UCII0/Ib30BaTh UX 6e3 MpeJBapUTe/bHOM
obpaboTku. BubnroTeka npuMeHseTcs B paboTe MHO-
TUX CepBHCOB KOMIIAaHUU SIHEKC IIPH BBIIIOTHEHUH
3a/1a4 I10 ITPOrHO3HU POBAHMUIO IIOT0/1bl, BbIJaue [TOKMCKO-
BBIX 3aI1POCOB H JIP.

KiroueBBIMHU paKTOPaMH, IIOBIHSBIIMMHU Ha BEI6OP
CatBoost B KauecTBe MHCTPyMeHTa [/ I0Iy4YeHU s
OIlBITa IMpUMeHeHHUs MeTomoB MO B CAIIP X-CAD,
IIOCITY>KHIIO Clefyolnee: 6Ub1HOTeKa SIBISETCS OTe-
YeCTBeHHON pa3paboTKOM; MOfeNH, CO3aHHBIE C ee
IIOMOIIBIO, TPeOYIOT MeHbIlle BpeMeHHU Ha obydeHHe
1 6bICTpee IPOBOAST IpeJCKa3aHUe [10 CPABHEHUIO
C aHaJIoTaMHU; 151 Hee IIpe/iCTaB/eHa KayeCTBeHHas,
nogpobHast JOKyMeHTaLlHsI K MHOKeCTBO IIPHMepPOB
HCII0/Ib30BAHHUSI B OTKPBITOM JIOCTYIIE.

in the Python programming language, developed by
Yandex. The models formed on its basis are based on
the gradient boosting method. This involves combining
several weak machine learning algorithms into one strong
one, where each subsequent algorithm takes into account
the errors of the previous one. CatBoost is optimised
to work with categorical features, which allows them to be
used without pre-processing. The library is used in many
Yandex services for weather forecasting, search queries,
and other tasks.

The key factors that influenced the choice of CatBoost
as a tool for gaining experience in applying ML methods
in X-CAD CAD were as follows: the library is a domestic
development; models created with its help require less
training time and make predictions faster than their
counterparts; it is accompanied by high-quality, detailed
documentation and numerous publicly available examples
of use.

2. Optuna framework

To develop a model with the highest prediction accuracy,
the CatBoost library requires the configuration of model
hyperparameters, such as the selection of the number
of training iterations. Manual iterative selection of these
parameters is possible, but this approach is not optimal
because the relationship between hyperparameters and
training results is not obvious. The Optuna framework [7]
comes to the rescue in solving this problem by automating
the selection of hyperparameters. This tool supports a set
of optimisation and selection interruption algorithms,
allowing the framework to be configured in the most
effective way for a specific task. Optuna is also imple-
mented in Python, which lowers the threshold for special-
ists to apply it with the CatBoost library.

IDEA OF APPLICATION AND IMPLEMENTATION

1. The place of the model in the design process

Routing is one of the stages of the standard route
for designing circuits on FPGAs, which is shown in
Fig.1. In the X-CAD CAD system, it is performed using
a modification of the PathFinder routing algorithm
(8], which has a number of configuration parameters
that control the direction and dynamics of the search
for a routing solution. Preliminary experiments have
shown that by selecting these parameters, it is possi-
ble to significantly reduce the routing time and improve
the quality of the result.

By default, the parameter set values and tracing
algorithm dynamics remain unchanged, regardless
of the characteristics of the designed circuit and its
placement on the FPCA chip. The idea behind using
the CatBoost library is to create a predictive model for
determining the characteristics of the tracing stage
results based on circuit placement data, and then use
the data obtained to select individual parameter set values

Vor.19No.1 2026 NANO INDUSTRY
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Fig.1. Application scheme of CatBoost model in X-CAD design flow

2. Gpeitmsopk Optuna

[l co3MaHMs MOZIe/IH C HAau6o/IbIIer TOUHOCTBIO ITpef-
cKa3aHus bubnuorera CatBoost TpebyeT HACTPOHKHU
TUIepIiapaMeTpoB MOJe/IH, HallpuMep, [ofbopa Komu-
yecTBa UTepallli obyueHUs. PydHON UTepallOHHBIH
BBIOOP 3THX [IapaMeTPOB BO3MOKEH, OJHAKO TaKOK 101~
X0l He ONTHMaJieH, II0CKOIbKY 3aBUCHMOCTb MeXAIY
ruIeprnapaMeTpaMu U pe3yabTaToM obyueHHs He oue-
BUIHA. Ha momols B pellleHUU JAaHHOM 3afjaui IIPHX0-
IUT dperiMBOpK Optuna [7], KOTOPBIX aBTOMATHU3HpYeT
1oz160p rumneprapaMeTpoB. TOT MHCTPYMeHT IOAIep-
>KHMBaeT Habop a/JITOPUTMOB OIITHMHU3ALMU K IIPePbl-
BaHMS 110160pa, UTO [103BOJISIeT HACTPOUTh GPeriMBOPK
Haubonee 3¢pGeKTUBHBIM 00pa30M [I/isl PelleHHs KOH-
KPeTHOM 3aJauu. Optuna Tak>Ke peajM30BaH Ha sI3bIKe
Python, uTo cHM>KaeT opor BXOSKAEHUS CIIeL[HaTHCTOB
B 3a/la4y IIPUMeHeHHs ero ¢ 6ubnrorexorn CatBoost.

WAEA NPUMEHEHWUA U PEANTU3ALLA
1. MecTo moien B MapiLpyTe NPOeKTUPOBaHMS
TpaccupoBKa ABJISETCS OGHUM K3 3TAIIOB CTAHJAPTHOIO
MapuIpyTa IIpoeKTHpoBaHUs cxeM Ha ITJIMIC, KoTopblt
nokasaH Ha puc.l. B CAIIP X-CAD oHa BBIIIOJIHAETCS
C IIOMOILBI0O MOAHMPUKALIMH aJITOPUTMA TPACCHPOBKH
PathFinder [8], koTopast ©MeeT psiJ HACTPOEUHBIX [1apa-
METPOB, PeryJupyroIluX HallpaBjleHue U JUHAMUKY
IIOMCKA TPAaCCHPOBOYHOIO pellleHus. [IpeiBapuTe/IbHbIe
3KCIIepHMEHTHI II0Ka3alH, YTo IyTeM Iofbopa 3TUX
IapaMeTpoB MOKHO 3HaYMTe/IbHO YMeHbIIATh BpemMs
TPACCHPOBKH, a TaK>Ke YIydllaTh KavyeCTBO I1ojyyae-
MOTO pe3y/brara.

[To yMOT4YaHUIO 3HaueHHUs] Habopa mapaMeTpoB
Y JUHAMHUKA aJITOPUTMA TPAaCCHPOBKU OCTAIOTCS HEH3-
MEeHHBIMH, He3aBHCHUMO OT 0COOeHHOCTek IIPOeKTHPY-
eMOM CXeMBI M ee pasMellleHHUs Ha KpucTasie ITJIHC.
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for each circuit being designed. The proposed approach
is designed to eliminate the labour-intensive manual
selection of tuning parameters and speed up the final
solution.

To implement the idea, an auxiliary software module
was developed as part of the X-CAD CAD system, shown
schematically in Fig.1 on the right and highlighted
with a dotted line. The main structures included in it are
a regression model based on the CatBoost library and
a parameter selection tool that acts as a link between
the model and the tracing module in the CAD software
core.

From the previous stages of the route, the parameter
selection tool receives information about the placement
of the circuit (in matrix form) and the percentage
of the FPCA crystal area filled. The tool then generates
dozens of variations of the set of tuning parameters
based on predefined ranges of values and step sizes.
Once the parameter sets have been formed, the CatBoost
model launch cycle begins. The number of iterations in
the cycle is equal to the number of sets. During each
iteration, one of the generated sets, the matrix layout
of the circuit, and the crystal fill percentage are passed
to the model, which uses this data to predict the trace
time and returns it to the matching tool. At the end
of the cycle, the obtained trace time predictions are
compared with each other, and the set of parameters
that yielded the shortest time is passed back to the route
to control the tracing algorithm.

2. Preparation of the data set

Training the CatBoost regression model requires
a large dataset containing trace parameter values,
placement, crystal fill percentage, and correspond-
ing trace time. To develop such a dataset, circuits were
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Hpest mpuMeHeHUst 6ubnroreky CatBoost 3aK/Ir049aeTcs
B pOPMHUPOBaHUH I1pefiCKa3aTe/IbHOL MOZE/IH JI/Is1 OIIpe-
Je/leHUs XapaKTePUCTHUK pe3ylibTaTa 3Talla TPacCH-
POBKH Ha OCHOBAHHH JAHHBIX O pa3MeILIeHUH CXeMBI,
U B Jla/JIbHeMIIeM HCII0Ib30BaHUHU I10/1y4eHHBIX JaH-
HBIX JIJI51 [10160pa MHAMBHUAYa IbHBIX 3HAaUeHH I Habopa
IapaMeTpoB /s Ka’kK[J0M IPOeKTUPYeMOL CXeMBI.
ITpenJiosKeHHBIN IIOAXOJ, IPU3BAH YCTPAHUTD CTaJHIO
TPYZOEMKOI'0 PyYHOr0 I10A60pa HaCTPOEUHBIX ITapaMe-
TPOB M YCKOPUTB I10/TyY€HHe UTOIOBOI'0 PellleHk .

[l peanu3aniuy ujeH 6u11 pa3paboTaH BCIioMora-
TeJIBHBIM ITPOrpaMMHBIN MOAy/Ib B cocTaBe CAITP X-CAD,
CXeMaTH4HO II0Ka3aHHBIH Ha PHC.1 CIIpaBa U BEIJe/IeH-
HBIU ITyHKTHPHOM INHUE. OCHOBHBIMH CTPYKTYPaMHU,
BXOASIIMMH B €0 COCTAB, SABJISIOTCS PerpecCuoHHas
MofieNib Ha ocHOBe 6rbnroTexku CatBoost ¥ mporpamm-
HOe CpeCTBO Mombopa ImapaMeTpoB, BBIIIOTHSIONIee
GYHKIIMIO CBA3YIOIIErO 3BeHa MeK/Y MOJEJIbI0 K MOAY-
JIeM TPAaCCHPOBKH B ITporpaMMHOM siipe CAIIP.

V3 mpebIAyInKX 3TalloB MapLIpyTa IIPOrpaMMHOMY
CpeACTBY Iof60pa IIapaMeTPOB IIOCTyIaeT HHGOPMAIIHS
0 pa3MelleHHH CXeMbl (B MAaTPUUHOM BH/Ie) U ITPOLIEHTe
3aII0JIHEHHU A ITomanu Kprctayia IUIMC. 3aTeM cpen-
CTBO TeHEPUPYeT JIeCATKH BapHalliuH Habopa HaCTpo-
@UHBIX [IaPaMeTPOB Ha OCHOBEe 3apaHee 3aJaHHbIX JHa-
[1a30HOB 3HAYeHHH U BeJIMYHHBI mara. Ilocse Toro,
Kak Habophl mapameTpoB cGOPMHPOBAHBI, HAUHHAETCS
LIMKJI 3aIycKoB Mozenu CatBoost. YKC/I0O UTepalluu
LIMKJIa PAaBHO KOJIMYeCTBY HabopoB. B Xoze Kask/I0H HUTe-
PaLIMH OOUH U3 CTeHePUPOBAHHBIX HA60POB, MaTpUY-
HOe pa3sMellleHKe CXeMbl U IIPOLIeHT 3aIl0/IHeHHU I KPU-
CTaJlJIa IepeJaroTCsa MOMeIH, KOTopas I10 3TUM JaH-
HBIM IIPOrHO3HPYET BpeMs TPACCUPOBKH Y BO3BPallldeT
ero cpeJcTBy mozbopa. 1o 3aBepiIeHUH [IUK/IA IOy~
YeHHbIe 3Ha4YeHU s IIPOTHO3HBIX BpeMeH TPaCCHPOBKH
CPaBHUBAIOTCSI MeKAy coboi, 1 Habop mapamMeTpos,
IIPY KOTOPOM II0/Iy4Y€HO HaKMeHbIllee BpeMs, Iepesa-
€TCS Ha3a/ B MapIUPYT AJS YIIPAaBIeHHs aJITOPUTMOM
TPacCUPOBKH.

2. MoaroToBKa Habopa AaHHbIX

ObyueHue perpeccHoHHOM Mozenu CatBoost Tpebyer
bospiroro Habopa AaHHBIX, COAepsKallero sHaUYeHUs
TPaCCHPOBOYHBIX [1apaMeTPOB, Pa3MelleHHe, IIPOLIeHT
3aII0/IHEHM L KPUCTAJIJIA M COOTBETCTBYIOIIee UM BpeMs
TPACCHPOBKU. [IJI CO3AaHUS TaKOro Habopa 6blIH 0TO-
OpaHBI CXeMBbI 13 COCTaBa OTKPBITHIX TECTOBBIX HAOOPOB
LGSynth’89, IWLS’2005, ISCAS’85, ISCAS’89 1 IIpOeKTOB
C CaHTa Opencores.org. B KauecTse Iie/1eBOro KPUCTaLIa
BeI6paHa IIJIMC 5510TC028, numMeromtas 17920 mporpam-
MUPYeMBIX JIOTHUeCKHUX 3/1eMeHToB (I1JI3). s cxeM
BBIIIOJIHEHA HayajlbHas YacTh MaplIpyTa HPOEKTH-
poBanus B X-CAD /14 reHepaliiy UX pasMelleHuUs.
[IpoLeHT 3amoJIHeHM IIJIOMAAM KPUCTA/I/Ia BAPbHUPO-
Basics ot 0,1 1o 35%. Ha ocHOBe I10/1yYeHHBIX BAPUAHTOB

selected from the open test sets LGSynth’89, IWLS 2005,
ISCAS’85, ISCAS’89, and projects from opencores.org.
The target crystal selected is the 5510TS028 FPGA,
which has 17,920 programmable logic elements (PLEs).
For the circuits, the initial part of the design route
was completed in X-CAD to generate their placement.
The percentage of crystal area coverage varied from 0.1 to
35%. Based on the options obtained, the circuit tracing
stage was launched with random variations in the tracing
parameters. Thus, a training data set was formed, con-
sisting of 2,000 records, each containing 5 parameters
of the tracing algorithm [2]:
1. factor_bt - directed search influence coefficient;
2. maxstep_bt - depth of construction of reverse trees of
directed search;
3. factor_vp - coefficient of influence of tracing resource
overload;
4. factor_vh - coefficient of influence of tracing resource
overload on previous iterations;
5. max_path_w - maximum weight of the tracing path.
The record also includes the crystal fill percentage,
placement information in the form of binary value
matrices (0 - free PLL, 1 - used in circuit placement), and
the trace time obtained in seconds as target data.

3. Training models

The predictive model was trained on a prepared data-
set using the CatBoostRegressor strategy. The dataset
was automatically split into training and test sets using
CatBoost tools, with a 90% to 10% ratio, respectively.
Model hyperparameter tuning was carried out using
the Optuna framework, utilizing the TPESampler optimi-
zation algorithm and the SuccessiveHalvingPruner early
stopping algorithm during the process.

The selected hyperparameter values are as follows:

1. learning_rate-0,05;
2. iterations-200;

3. depth-8;

4. boosting_type - Plain.

Placement information was used in the form
of categorical data. The accuracy of the resulting model,
assessed using the Mean Absolute Percentage Error
(MAPE), was approximately 35%.

4. Development of auxiliary software tools

The routing parameter selection software is designed
to automate the interaction of the X-CAD design
route with a CatBoost-based predictive model and is
a program written in Tcl. For each of the parameters
required by the model to predict routing time, a range
of values and a step for generating variations are spec-
ified. Due to the extremely large amount of time
required to exhaustively go through all combinations
of tracing parameters, the most suitable values for each
parameter are calculated separately. Thus, five cycles
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IIpOM3Be/leHbl 3aIlyCKU 3Talla TPACCHPOBKU CXeM CO
CIy4alHBIMHU BapHUalLlUSIMH TPAcCHPOBOYHBIX I1apa-
MeTpoB. Takum obpasom, copMupoBaH Habop gaH-
HBIX 015 o6y11eH1/151, cocTostI MM 13 2000 3amucer, Kask-
Jlasi U3 KOTOPBIX COLEPSKHUT 5 ITapaMeTpOB aJITOPUTMA
TPaCCHPOBKH [2]:

1. factor_bt - K03pQUIIMEHT BNUSHUS HAaIlPaBIeHHOTO
TIOUCKA;

2. maxstep_bt - rybrHa ocTpoeHUs 06paTHEIX fepe-
BbEeB HaIIPaBJIeHHOI'O II0MCKa;

3. factor_vp - K03)PUITHEHT BIUSHUS IIeperPy>KeHHO-
CTH TPACCUPOBOYHOIO PeCypca;

4. factor_vh - k03dPUIIMEHT BIUSHUS IIeperpysKeH-
HOCTH TPACCHPOBOYHOIO pecypca Ha IpelblaAyIIuX
UTepaLUIX;

5. max_path_w - MakcuMabHOe 3HaYeHHe Beca TPacCH-
POBOYHOrO ITyTH.

Tax>Ke 3aIIMCh BK/IIOYaeT ITPOLIEHT 3aIl0IHEHU S KPH-
CTaJUla, MTHQOPMALIUIO O Pa3MelleHHUH B BHUIe MaTPHILL
6uHapHbIX 3HaYeHUH (0 - cBobogHbI I1J13, 1 - UCIIONTb-
3yeMBIH B Pa3MellleHHH CXeMbl), a TAK>Ke I10/1ydeHHOe
BpeMs TPAaCCUPOBKHU B CEKYH/JaX B KaueCTBe LieJIeBbIX
IAHHBIX.,

3. O6yueHue mopenm

[IporHo3upyomas Mofenb obydeHa Ha IOATOTOB-
JTeHHOM Habope JaHHBIX C IIOMOLIbIO CTPaTeruHu
CatBoostRegressor. Pa3zeneHue Habopa Ha obydaro-
Y0 U TeCTOBYIO BHIOOPKU ITPOH3BEEeHO aBTOMATH-
YeCKH C IIOMOLIBI0 cpefcTB CatBoost C COOTHOIIeHHEM
TAaHHBIX 90% 1 10%, cooTBeTCTBeHHO. [lonbop rumepra-
paMeTpOB MOZie/IH IIPOBefieH C IIOMOLIBI0 pperiMBOPKa
Optuna, pu paboTe KOTOPOro HCII0Ib30BAH a/ITOPUTM
ontuMu3anyu TPESampler u afiropuTm mpepbiBaHUS
nonbopa SuccessiveHalvingPruner.

ITomobpaHHBIe 3HaUeHHU sl THUIIepIIapaMeTPOB BIIJIS-
IST Clely oM obpasom:

1. learning_rate-0,05;
2. iterations -200;

3. depth-8;

4. boosting_type - Plain.

CBefleHMS 0 pa3sMellleHUH KCII0/Nb30BAHBL B BHUJE
KaTeropHasabHbIX AHHBIX. TOUHOCTH IIOJTYYHBIIEHCS
MOJIe/TH, OLleHeHHasl C IIOMOIIBIO CpeJHer abCOoMI0THOM
IIPOLIeHTHOE omubKY (MAPE) cocTaBuIIa IIOPsIAKA 35%.

4. Pa3paboTka BCMOMOraTe/bHbIX NPOrpaMMHbIX CPeACTB

[IporpaMMHOe Cpe/ICTBO I10160pa apaMeTpOB TPacCH-
POBKU IpeJHa3Ha4YeHO /IJIs aBTOMaTH3aLMHU B3aUMO-
JeHCTBUS MapIIpyTa npoeKkTHpoBaHus X-CAD c mmpo-
THO3HPYIOIIer Mofie/iblo Ha ocHoBe CatBoost u npen-
cTaBisieT coboit mporpammy Ha si3bike Tcl. JIy1st Kask-
JI0T0 13 [TIapaMeTpPOB, He0OXOAMMBIX MOJIENIH J/1s1 ITpef-
CKa3aHUs BpeMeHU TPACCHPOBKH, 3a[aeTCs JUalla30H
3Ha4eHMH U LIal TeHePUPOBAHM S BapHallMK. Beuay

HAHO MHAVCTPUA Tom 19 N1 2026

are performed, in each of which one of the parameters
is selected. Parameters that have not yet been
selected are replaced with the values used by default
at the tracing stage in X-CAD. Information about
the FPCA utilization and placement is the same for all
runs of the CatBoost model. The value of the tunable
parameter for which the model predicted the shortest
trace time is considered the most suitable. Once all
parameters have been selected, they are passed to the
tracing algorithm.

Due to the regression-based type of the predictive
model, in the case of small schemes, there is a possibility
of obtaining a negative predicted time. If this occurs,
the negative value is replaced with the minimum positive
valueis1second.

RESULTS OF COMPUTATIONAL EXPERIMENTS
Computational experiments conducted by running
the X-CAD design flow for a set of 86 typical circuits on
the target FPGA 5510TC028 showed a reduction in routing
time by an average of 1.5 times for circuits with a utiliza-
tion rate of more than 5% (Fig.2). For circuits with a utili-
zation rate of less than 5%, some acceleration in routing
was also observed; however, the routing time for them
is comparable to the time required for the parameter
selection stage, making the use of the developed tools
impractical.

The critical path delay in the current model was not
an optimization criterion in this study, which is why
the value of this metric increased on average by 10.5%
for circuits with an occupancy rate of more than 5%.
The number of tracing resources used decreased on
average by 1.5% for similar circuits.

DISCUSSION

One of the main drawbacks of the approach consid-
ered is the need to carry out a time-consuming process
of retraining the model after each significant update
of the X-CAD tracing algorithm. In addition, forming
a high-quality training dataset in the form of a large
sample of test circuits that ensures sufficient variability
of characteristics presents a certain challenge.

An important aspect characteristic
of forming a training dataset for ML methods
for FPGA design is taking into account
the features of the target programmable integrated
circuit architectures, including their quantitative
characteristics. For instance, the 5510TC028 chip used
for computational experiments in the current work
contains 192 input-output cells, which significantly
limits the possible selection of circuits for
implementation based on it. As a result, one can observe
a certain heterogeneity in training and test data sets
in terms of the fill percentage. The number of schemes
that provide a high fill percentage is significantly lower
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Puc.2. BausiHue nod6opa mpaccupo8oyHbix Napamempos Ha 8pemsi mpaccuposku HeKOMOopbIX MUN08bIX CXeM
Fig.2. Influence of the tuning of routing parameters on the routing time of some typical circuits

KpariHe 60/IbIIOro KOJIMYeCcTBa BpeMeHH, TpebyeMoro
Ha II0JIHBIN ITepebop Bcex KOMOMHAIIMK TPacCHPOBOY-
HBIX [TapaMeTpoB, Haubosee MoAXOASsIIHEe 3HAUEHU S
JIJIsL Ka>kKI0ro ImapaMeTpa BhHIYUCASIOTCS OTAIbHO.
TakuM 06pa3oM, BHIIIONHSIOTCS MSATh IIUKJIOB, B KasK-
JOM M3 KOTOPBIX IIPOMCXOAUT IOA60P OJHOrO K3 Iapa-
MeTpoB. [lapaMeTpsl, MoA60P KOTOPHIX ellle He IIpo-
BOOMJICS, 3aMeIATCA 3HAYeHHSIMM, MCIIOIb3ye-
MBIMH Ha 3Talle TpacCuPOBKHU B X-CAD I10 yMOT4YaHHUIO.
JaHHBIe 0 ITpoLeHTe 3anoaHeHus [IJIMC u pasMmere-
HYe OJMHaKOBBI /I BCeX 3aI1ycKoB moaenu CatBoost.
3HaueHUe NoAbKpaeMoro nmapamMeTpa, Ipu KOTOPOM
MoZIeIbIo O6b1/I0 ITpe/icKa3aHo HaK MeHblllee BpeMsi Tpac-
CUPOBKH, [IpHU3HaeTCsl Hauboee nmoaxoasamuM. Iloce
TOro, KaK 1oz60p Bcex IapaMeTpPOB 3aBeplleH, OHHU
TIOCTYIIAIOT aJITOPUTMY TPACCHPOBKH.

B CBSI3U C perpecCHOHHEIM THUIIOM IIPOrHO3UPYIOLer
MOJIE/IH, B C/Tydae MaJIbIX CXeM CYIIeCTBYeT BePOSITHOCTh
[I0JIyYeHU sl OTPULIATEIBHOTO IIPeICKa3aHHOro Bpe-
MeHH. IIpy BOSHUKHOBEHHH TaKOM CUTYallMH OTPHIIA-
TeJIbHOE 3HaYeHMe 3aMeHeTCs Ha MUHHMaJIbHOE I10710~
SKHTeIbHOe ~ 1 cekyHAa.

PE3Y/IbTATbI BbIMUC/IUTE/IbHbIX SKCMEPUMEHTOB
BeIurC/IMTe/IbHBIE SKCIIEPUMEHTHI, [IPOBeIeHHbIe B BH/Ie
3aIlycka MapuipyTa mpoekTrupoBaHusi X-CAD a5 Habopa
13 86 TUIIOBBIX CXeM Ha 1iesieBo ITJIMC 5510TC028, moKa-
3a/IM yMeHbIlleHHe BpeMeHU TPACCUPOBKHU B Cpej-
HeM B 1,5 pa3a [/1s cxeM C [jo/iel 3aIo/IHeHU s 6oree 5%
(puc.2). [l cxeM C fo7ek 3aII0/THEeHH I MeHee 5% TaKsKe
3aQHUKCUPOBAHO HEKOTOPOE YCKOPeHHe TPaCCUPOBKH,
OJHAKO BpeMs TPaCCHPOBKHU [Jis HUX COIIOCTaBHMO
C BpeMeHeM BBIIIOJIHEHH S 3Talla I1oA00pa 1apaMeTpoB,
YTO Jle/laeT IpHMeHeHHe Pa3paboTaHHBIX CPefCcTB
Helle1eco0Opa3HbIM.

than the number of small schemes in the set, which is
presumably the reason for the low accuracy in predicting
trace time.

In addition, the methods of representing placement
data, which would allow the model to use them as
efficiently as possible, require refinement and in-depth
study. The method using binary value matrices does not
account for the relationships between logical cells, and
in the case of designing small circuits, placement in this
form represents a highly sparse matrix.

CONCLUSIONS

The paper presents an approach to selecting parameters
for a tracing algorithm using a predictive model based
on the open-source machine learning library CatBoost.
A dataset was created based on the results of X-CAD CAD
runs, and a regression model was trained. The model’s
hyperparameters were tuned using the Optuna frame-
work. Based on the results of computational experiments,
the proposed approach demonstrated a reduction in rout-
ing time by an average of 1.5 times for designs with a tar-
get FPGA 5510TC028 utilization of over 5%. The critical path
delay increased by an average of 10.5%, while the number
of routing resources used decreased by an average of 1.5%
for similar designs.
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Bpems4 3aep>KKH KPUTUYECKOIO MYTH B TeKyILIeH
MOJIeIA He SBJISI/IOCh KPUTepHeM OIITUMH3alluU B JaH-
HOM paboTe, B CBSI3H C UeM 3HaueHHe 3TO MeTPHKHU yBe-
JIUYUJIOCh B cCpefHeM Ha 10,5% [7151 cxeM C IoJ1eH 3aI1of-
HeHUs boree 5%. Komn4ecTBO UCIIONB30BAHHBIX TPACCH-
POBOYHBIX peCcypcoB YMEHBIIN/IOCh B CpefHeM Ha 1,5%
OJ1S1 aHAJIOTUYHBIX CXEM.,

OBCY)XAEHUE

OnHUM 13 OCHOBHBIX HEIOCTATKOB PACCMOTPEHHOIO IO/
Xo71a sIB/IsieTCs. HeobXOqMMOCTb ITPOBe/IeH s 3aTPATHOIO
10 BpeMeHH IIpoliecca repeobyueHUsl MOJeNIH I0CTIe
KasKI0ro 3HaUHUTe/IbHOT0 0OHOBJIEHH S a/ITOPUTMa Tpac-
cupoBKH X-CAD. [ToMHMO 3TOr0, OIlpeJie/IeHHY0 CJIOK-
HOCTb COCTaB/IsieT OPMUPOBAHHE KaueCTBEHHOro obyda-
Iollero Habopa JaHHBIX B BHJIe 60/IBIIOL BBIOOPKH TECTO-
BBIX CXeM, 00eCIIeYHBaIOMINX JOCTATOUHYI0 BapHaTHB-
HOCTb XapaKTePHUCTHK.

Ba>KHBIM aCIIeKTOM, XapaKTePHBIM 111 OPMUPOBa-
HHS 00y4aromer BBIOOPKHU /151 MeTofoB MO 1715 Tpoek-
THupoBaHUs [JIHC, sBIseTCs yueT 0cOOeHHOCTEe! apXH-
TeKTYPhI Le/IeBbIX [IPOrPAMMUPYEMbIX HHTET PaIbHbIX
CXeM, B TOM YH(JIe X KOJIMYeCTBeHHBIX XapaKTePUCTHK.
Taxk, cxema 5510TC028, ripriMeHeHHAas )15 [IPOBeIeHU I
BBIUHC/IUTEIbHBIX 9KCIIEPUMEHTOB B TeKyIek paborte,
COIEepP>KUT 192 sUer KU BBOJA-BbIBOZA, UTO 3HAUUTE/Ib-
HBIM 06pa30oM orpaHHYMBaeT BO3MOKHBIH BbIOOp cxeM
[UUISL peanr3aliiy Ha ee oCHoBe. Kak ce[CcTBHe, MOXKHO
HaO/TI0/1aTh OIIpe/ie/leHHYI0 HeOHOPOAHOCTh Habopa 00y~
YAIOIIMX U [IPOBEPOUHBIX JAHHBIX C TOUKH 3PEHHU S [IPO-
LieHTa 3aIonHeHUs1. KonuvecTBo cxeM, obecrieqrBaro-
KX O0JIBIION ITPOLIEHT 3aII0/THEHH ST, 3HAYUTE/IbHO YCTY-
IaeT KOJIMUeCcTBY MaJIbIX CXeM B Habope, 4To, ITpeAIIoo-
SKUTeJIbHO, SIBJISIeTCSI IPUYHMHON HeBBICOKOH TOYHOCTH
[peAcKa3aHus BpeMeHH TPaCCUPOBKH.

Kpome Toro, nopaboTku U yriyb1eHHOIro H3yue-
HHUS TPebyIoT Cr10cobbl Mpe/iCTaB/lIeHUs JAHHBIX O pa3-
MeIlleHUH, KOTOPble [103BOJIK/IO0 6bI MOZIE/IH KCII0/Ib30-
BaTb X MaKCHMabHO 3¢PeKTHBHBIM 0bpa3oM. Cr1ocob
C UCIIO0JIb30BAHKEM MaTpHLl OMHApPHBIX 3HAUEHUI He
T103BOJISIeT YU TBIBATh CBSI3HU MeK/y JIOTYeCKUMH STdeki-
KaMH, a B CJly4ae IIPOeKTHPOBAHMS MaJIbIX CXeM pa3me-
IeHHe B TAKOM BH/Ie ITPe/ICTaB/IsIeT cOOOM KpaliHe pa3pe-
SKEHHYIO MaTpPHUILY.

BbIBOAbI

B pabote mpe/cTaB/eH MMOAXO[ K II0A00PY IIapaMeTpPoB
aJITOPUTMa TPACCHPOBKHU C MCII0JIb30BAHHEM IIPOrHO-
3UPpYIOLIer MOJIe/IM Ha OCHOBE OTKPBITOM O6UOIHOTeKH
MamnruHHOro obyuenus CatBoost. Co3maH Habop JaHHBIX
Ha OCHOBe pe3ynbpraToB 3amyckoB CAIIP X-CAD, u mpo-
BeJleHo 0byuyeHMe perpecCOHHON MofienH. HacTporika
TUIepHapaMeTPOB MOJeJIH OCYyIeCTBIeHa C IIOMO-
w0 GpperiMBopKa Optuna. ITo pe3ynbTaTaM BBIUMC-
JTUTeJIbHBIX SKCIIePHMEeHTOB IIpe/l/Io’KeHHBIH I10AXO0f

HAHO MHAVCTPUA Tom 19 N1 2026

[IPOLEMOHCTPHUPOBAJ yMeHbIIeHHe BpeMeHU TPACCHU-
POBKH B cpelHeM B 1,5 pasa /Il CXeM C [oJIeH 3aIIoJ-
HeHUs LieneBoro IIJIMC 5510TC028 6onee 5%. Bpems
3a/IePsKKH KPUTHYECKOTO IIYTH YBeJIMYMIIOCh B CPeIHEM
Ha 10,5%, a KOIMYeCTBO MCII0/Ib30BAHHBIX TPACCHPOBOY-
HBIX PeCypCcoB YMeHBILINJIOCh B CpeHeM Ha 1,5% 11 aHa-
JIOTUYHBIX CXeM.

NHOOPMALL1A O PELLEH3UPOBAHUK

Penakius 671aroqapuT aHOHMMHOTO pelleH3eHTa (peLieH-
3eHTOB) 3a UX BKJIa/l B pelleH3UPOBaHUe 3TOH paboTsl,
a TaK>Ke 3a pa3sMellleHHe CTaTed Ha CaHTe XKypHaja
U I1epefavy Ux B 3/IeKTpoHHOM Bu/ie B HOE eLIBRARY.RU.

Jexkaapauus o KoHpAuKme uHmepecos. Asmopbl 3as84atom 06
0MCymcmauu KOHQPAUKIMOB UHMEpecos UAU AUMHLIX OMHOUEHUL,
Komopble MozAu bbl nosAUAMYL Ha pabomy, npedcmasAeHHyk 8 0aHHOLL
cmanbe.
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