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IIpononyeThesl ANTrOPUTM KJacTepu3aulii, mMpu3HaYeHUii AJsl NPUCKOPEHHSI TMpolecy
(¢opmyBanHs JepeBa 3rOPTKH €J1eKTPUYHHUX CXEM BHCOKOI PO3MipHOCTI.
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Algorithm for clustering designed for acceleration of reduction tree for ming process for
electronic circuitsis described.
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Beryn

OnHiero 13 OCHOBHUX NMPOOJIEM alropuTMiB po3B’sizyBaHHA 3a1a4d kiacy NP e iX yacozaTpaTHICTb.
3HauHi 3a po3MipoM HaOOPH BXITHMX MaHHUX (JIECATKM Ta COTHI THCSY €JIEMEHTIB) BHMaraloTh BarOMHX
3aTpaT 4yacy Ta pecypciB Ha iX ompamtoBaHHis. He € BUHATKOM 1 3agadi ONTHMAaIbHOIO PO3OHMTTS
CNMeKTpUYHUX cxeM. st iX po3B’si3aHHS 3aCTOCOBYIOTh AITOPUTMH iepapxidHoi wiactepu3arii. Lli
AJITOPUTMHM OCHOBaHI Ha METOJI ONTHMAJILHOI'O 3rOPTAaHHS CXEMH, IO MIATBEPAMB CBOK BHUCOKY SKICTh
TSI 337124 BETMKUX po3MipHOcTeit [1].

bazoBum anroputMoM TOOYMOBM JepeBa 3ropTaHHs cxeMd € OiHapHa 3ropTtka. B mporeci
(dbopMyBaHHsI JepeBa L€l alrOpUTM 3a OJAHY ITepalilo 00'eaHye aBa kiacTepd. KinbkicTh iTepariiiii B
TaKOMY BHIIaJIKy CTaHOBHTH N-1, ne¢ N — KUIbKICTh €JIEMEHTIB CXEMH. AJITOPUTM Ja€ J00pi 3a SIKICTIO
pe3ynbTaTH, aje BUMarae 3HauHMX YaCOBUX 3aTpaT Juisl (OpMYyBaHHS JepeBa.

ANBTEPHATHBY CTaHOBJIATH AJITOPUTMHM, IO 3AaTHI 3a OAHY iTepailifo 00 €IHyBaTH JEKilTbKa
knacrepiB. Taki anropuTMu (QOpMYIOTh JE€PEBO 3TOPTKH IMIBHJIIEC 32 PAaXyHOK CKOPOYEHHS KiTbKOCTI
iTepamiii. HemonikoM Takux aldropuTMiB € JesKe TOTIpUICHHS SKOCTi pe3yibTaTiB. 3a IUMH alrOPUTMaMH
Ha OIHIH iTepallii 00’ €qHY€EThCS NEIKHIA BiICOTOK KpallMX Cepell BCIX MOXKJIMBUX JUIs 00’ €IHaHHS map abo
BCI Mapw, JUIS SIKUX 3HAYCHHS KPUTEPII0 MICTUTHCS B 33JIaHMX MeEXax Bij Halikpamoro. ExcniepuMeHTH
MiATBEP TN T0ILTBHICTE 00 eqranus 20 — 30 % Bcix map [2, 3.

[IporonyeThbcs HOBUI aNrOpUTM, SKHI TPUCKOPIOE TPOIEC 3TOPTKH CXEMH 1 BOJHOYAC 3a0e3redye
BHCOKY SIKICTh PE3YJIbTATIB, OKPEMi EIEMEHTH SIKOTO 3alPOIIOHOBAHO B [4].

AJITOPUTM 3ropTKH JIAHIIOT aMH
VY mporieci po3poOsIeHHS MiAXOAY HPEIACTABICHHS CICKTPUYHHMX CXEM Y IMaM’ sATI Ta ajJrOpuTMIB
(bopMyBaHHs JepeBa 3ropTaHHs, omnucaHux B [4], iX mporpamHoi peamizamii Ta JOCTIKEHHS OYyi0
BUSIBIICHO, 1110 AJITOPUTM OiHAPHOI 3rOpTKH OPMYE SIKiCHI pe3ynbTaTh. [3 3acTOCyBaHHAM KPUTEPIIO
max ( Ninternal - Nexternal - Nconbi ned ), (1)
KUTBKICTh MOJIOAMIMX CyCiaiB Kiactepa He nepepunria 180 ms tecrosoi cxemu IBMOL (68684 enementin
1 69429 3p'a3kiB ). Ie Halikpaimii 3 TOCATHYTHX PE3yIbTaTiB.
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PearnizoBaHo Ta pOTECTOBAHO JEKUIbKA ANTOPUTMIB BUMYILIEHOI 3TOPTKH. Y Ci BOHH I'PYHTYBaJIUCS
Ha i7ei MPUMYCOBOT0 3JMTTS TPYIH KIacTepiB Ha OCcHOBI iHQopmMarii mpo okpemi nmapu knacrepis. [Ipu
(hopMyBaHHI JiepeBa 3rOPTKH 3a IUM KPUTEPIEM YTBOPIOBAIUCH KJIACTEPH 13 KUTbKICTIO MOJIOAIINX CYCiIiB,
sika nepesuinyBaia 3HadeHHs 3000 — 4000 kmacrepis. Lle, cBO€0 4eproro, BUKIMKAIO 3HAYHE CIIOBLIb-
HEHHS TIPOIIECY 3rOPTKH.

3anponoHOBaHWI MBUIKWI aNropuTM 3rOPTKH JIAHIFOTAaMH Mae€ TeBHI nepeBard. B Horo ocHoBi
JEKUThH iies MOIIYKY JIAHIFOTIB KiacTepiB, siki MiX cOOOI0 CHIIBHO 3B’ s3aHi. AJNTOPUTMHU 1 CTPYKTYpH
nanux miaxoay [4] ocHoBaHi Ha omepyBaHHI iH(opMarlii mpo mapu kimacrepiB. PopMyBaHHS JIAHIIOTIB
KJIACTEpiB TAKOX BiIOYBAETHCS JJTAHKAMH TI0 JIBa 3B’ s13aHi KJIacTepH.

[Iportec popMyBaHHs JIaHIIOTa PEATi3YEThCS 32 TAKUM aJITOPUTMOM:

1. OrpumaHHs Kimactepa — Jiepa PEHTUHTY (Cpes). 3HAYCHHS KPUTEPiIO UL BCIX KIacTepiB
BIIOPSIKOBYEThCS. Ha OCHOBI 1IbOr0 BU3HAYAETHCS IXHIA PEUTHHT.

2. OTprMaHHS HAHKPAIIOTo CYCiia C'peg.

3. ITapa (Cpes, C'vest) POpMyeE TEpIITY TAHKY JTAHIIOTA.

4., SIK1110 MOTOYHMM KIHEIb JaHIIOTa C'pet MAE CYCIIB, TO TIEpeXin Ha 5. [Hakie nepexin Ha 8.

5. Bu0ip Haiikpaioro cycija C'"peg MOTOYHOTO KiHIIA JIAHITIOTA.

6. lonaBaHHS C'"pegt Y JTAHITIOT.

7. Iepexin Ha 9.

8. AnropuTMm 3aifioB y 0e3Buxiab. [loBepHEHHS Ha OUH CIIEMEHT Ha3a/l.

9. Mepexin na 4.

Ha puc. 1 cxematnyno 300paskeHo mpoiec GpopMyBaHHS JaHIora knacrepis. OTprUMaHui JTaHIIOT

KJIACTEPiB YTBOPIOE MHOXUHV KTACTENIR NIt MalOyTHBOT iTepallii 3ropTKH.
"
Chest  Cbest € best 5

Puc. 1. Kpoxu wieuokozo ancopummy 320pmku IaHYi02amu

I3 puc. 1 BUAHO, 1110 aJIFOPUTM HAMAaraeThCs BIAHAWTH IIPOJOBKEHHS JAHIIOTa, ITOBEPTAIOUUCH 0
MOMEPEIHIX HOro eJEMEHTIB 1 MPOJOBKYIOYM 00 €IHAaHHSA i3 iX HACTYIIHUMH, II¢ HE JOTYYCHHMHU
MOJOAMMMHU cycigamu. Takuii TOImyK nae 3mory OyJayBaTH IIaHIIOTH 3aJaHoi JoBxuHH. [Iporte
31eOUIBIIIOrO 3aTpaTH 4acy Ha IOINYK 3a JOINOMOrOI0 MOBEPHEHb IMEPEBHILYIOTh Yac, SIKUH ajaropuTM
C€KOHOMHTb 3a PaXyHOK OJIHOYACHOI'0 3JIUTTS KJIACTEPIB OTPUMAHOIO JIAHITIOTA.

3 mi€l IPUYMHU ANTOPUTM TMOTpPeOye OOMEXKEHHS Ha TPOLEC MOIIYyKY. TakuMu OOMEXKEHHSMHU €
MaKCUMaJbHHA 00’ €M 3rOPTKM — JIOBKMHA JIAHI[IOra, a TaKOK KUIBKICTh HEBIANMX IOBEpHEHb. Ilin
HEBJIAJIUM MTOBEPHEHHSM MA€ThCS Ha yBa3i MOBEPHEHHS JI0 MOMEPEIHBOr0 KiacTepa JIAHIIora, Ke He JajIo
3MOTH MPOJOBXKHUTH TOIIYK.

[IpakTH4HI JOCTIKEHHS TI0Ka3aJid, 0 3aCTOCYBaHHS TAKOI0 OOMEKEHHS € epeKTUBHUM, OCKIIbKH
ONTUMAaJIbHE 3HAYCHHS IOPOr'Y JOBXKMHU JIAHIIOTa 3aJISKUTh BiJl XapakTepy 1 cTpykTypu cxemu. CBOEIO
4eproro, KiTbKIiCTh TIOBEPHEHD € YHIBEpCAbHIM 3aC000M KEpYBaHHS pOOOTOIO AITOPHTMY.
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ExcriepuMeHTH TMOKa3and, IO ONTHMajbHE 3HAYEHHS JOCTYIHOI KIiTBKOCTI ITOBEPHEHB IS
OLIBIIOCTI cXeM, 3amporoHoBanux y [5], cranoBute 3. Ilpu 1bOMy 3a0€3MEUyETHCS BHCOKA IMBHAKICTH
MPOIIECY 3rOPTKH 1 BOAHOYAC JOCTATHBO J00pa SKICTh KJIACTEPIB OTPUMAHOIO JIepeBa.

ExcnepumeHTaNbHI J0CTITKEHHS
VY Ta0nuili HaBelIEHO PE3yNIbTATH 3aCTOCYBAaHHS allTOPUTMIB OIHAPHOI 3TOPTKH Ta 3TOPTKHU JIAHIIIO-
raMH JI0 TECTOBUX cXeM [2] pi3HuX po3mipiB. Pe3ynbTatu cBiquaTh, M0 MBUIKUI aJrOpUTM 3rOPTKHU JIaH-
IIOTaMH Mae€ TepeBary 3a MBUAKOIIEI0. 3aTpaTh Yacy Ha 3ropTKy cxemH, sika Mictuth 210340 knacrepis, y
4,6 pa3a HHUXYi MOPIBHSIHO 13 OIHAPHUM aJITOPUTMOM.

IopiBHAHHSA WIBHAKOAI aaAropuT™MiB OiHapHOI
3rOPTKH i 3rOpTKH JaHIIOTaMH

K-1B binapuna | HIBuakui
Cxema KJIACTEPIB | 3ropTKa, | aJrOPUTM,
y cxeMmi c ¢
IBMO1 12505 10,1 5,01
IBMO2 19341 58,38 24,54
IBMO3 22852 31,18 16,68
IBM0O4 27219 35,57 15,32
IBMO5 28145 73,28 38,39
IBMO6 32331 78,42 34,29
IBMO7 45638 78,97 31,31
IBMO8 51022 175,49 60,76
IBMO9 53109 97,16 36,94
IBMO010 68684 176,55 70,82
IBM0O11 70151 138,27 45,71
IBMO012 70438 200,42 92,71
IBMO013 83708 2426 79,81
IBM014 147087 760,061 164,07
IBM015 161186 1052,84 255,05
IBMO16 182979 1338,97 294,44
IBMO17 184751 1387,01 364,62
IBMO018 210340 1810,04 390,97

3rilHO 3 OTPUMAHUMHU PE3YJIbTATAMHU OLIHKA CKJIAJHOCTI 3alPOMIOHOBAHOTO HIBHKOTO AITOPUTMY
sroprku nmammoramu cranosuts O(X"*'). Ticrorpama Ha puc. 2 BizoOpaxae 3MiHy TOBKHHH CITHCKY
MOJIOJIIIIMX CYCi/IiB HOBOYTBOPEHUX KJIACTEPIB y Yaci MpH 3ropTii cxemu i3 68684 enemeHTiB. SIK BUIHO 3
ricrorpamu, B mporeci GopMyBaHHs JepeBa BHHUKAIOTH IIKOBI 3HAYEHHS, MaKCHMAallbHE i3 SKHUX HE
nepesuiye 1550. TIpore Takumx mikiB HebOaraTo, OCHOBHA YaCTHHA KJIACTEpiB 3a PO3MipaMH CIIHCKY
MOJIOMIIMX CycimiB JiexuTh y Mexkax Big 50 mo 300. Lle mo0Opi pe3yabTaTH, OCKUIbKH, JUIS TOPIBHSIHHS,
MaKCUMaJlbHUH PO3MIp MHOXHHH MOJIOAIIMX CYCIJIB KJIAacTepiB Ui aIrOpUTMY OIHApHOI 3rOPTKH
cranoBuB 160 [t 3a7aH0T CXEMH.

licrorpama Ha puc. 3 BigoOpakae 3MiHYy 00’ €My 3ropTKH B Ipoiieci ¢GpopMyBaHHS JepeBa 3
BHUKOPHUCTAHHSM IIBUJIKOTO JITOPUTMY 3rOPTKH JIaHIforamMu. KinbKicTh KiacTepis, M0 3ropTalluCh 3a OIHY
iTepartito, He mnepepuinyBana 135, Cepemne x 3HaueHHS craHoBmiO Oym3bko 40. Ile cBiguuTh Mpo
CTaOUTBHICTD AJITOPUTMY.
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Puc. 2. I'icmoepama xonusanms Kinbkocmi cycidie Kiacmepis y npoyeci 320pmxiu
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Puc. 3. I'icmoepama 3minu 06’ emy 320pmixu 6 4aci

BuchHoeku

[lig yac peamizallii anropuTMIB i€papxXidHOl KiacTepu3allii Ta iX 3aCTOCyBaHHS JJIs PO3B’s3aHHS
3aJlad BHUCOKOI PO3MIPHOCTI BHHHUKA€e MpoOiieMa 3HAYHMX 3aTpaT 4Yacy Ha OTPUMaHHS pe3ynbraty. lle
YHEMOXKIIUBIIIOE JTOCTIDKEHHS CXeM 13 BEJIMKOK KUIBKICTIO €IEMEHTIB. AJITOPUTMH OiHAPHOI 3TOPTKH
JIAIOTh SKIiCHI pe3yJIbTaTH, IPOTe BOHU BUMAararoTh 3HAUHMX YACOBUX 3aTparT.

3anponoHOBaHO WIBUIKHHA aITOPUTM 3TOPTKH JIAHIIOTAMH, B OCHOBI SIKOTO JIGKHUTH MPHHIIUT
(hopMyBaHHs 3B'S3aHOrO JaHIIOra KjiacTepiB, 110 (opMmye BHUOIPKY s 4YeproBoi iTepallii 3rOpTKH.
Pe3ynbTati MOCHIIKEHHS! OMHMCAHOTO alrOPUTMY CBiAYaTh MPO BHUCOKY MIBHJKICTH MPOIECY 3TOPTKH.
3pocraHHs MBUAKOAIT Juis cxemMu po3mipom 210340 enementiB cranoBwio 4,6 pasa. 3HauHOroO
MOTIPIICHHS Pe3yJbTaTiB HE BUsABJICHO. JIOKaabHI MposiBH “Aerpajarii’ KiacTepiB iCTOTHO HE BIUIMBAIOTh
Ha pe3yJbTaT 3arajioM.
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