g
(mpu po3paxyHKyY CKJIaJIOBY % HE BPaXxOBY€EMO).

C

ITicns mpocTHX 0OYMCIIEHb IApaMETp o, HabyBae 3Ha4eHHA o, =0,63 MM npu
BUKOPDHMCTaHHI TIJABbKM IHIMKATOpa JIHIMHMUX IepeMilieHp, o, = 0,13 mm mpu
BUKOPHUCTaHHI TUIBKM PallOTEXHIYHOI CHCTeMH 1 oy, = 0,055MM ans cuHTe30BaHOI

ONTUMAJIBHOI CXEMH, TAKMM YHHOM CTBOPEHA CHCTEMa ICTOTHO IIJBUILYE TOYHICTb
BHMIPIOBAHHS.

BucHoBxu

CunTe3oBaHa B poOOTI OoNTHMajbHA CHCTEMa 3a KPUTEPIEM MIHIMYyMY JIuUCHEpCii
JIO3BOJISE€ IMIJABUIIUTH TOYHICTH BUMIPIOBAHHs KoedirieHTta nuHamigyHOoCcTi Ha 42 %
MOPIBHSHO 3 KpalluM pe3yJibTaTOM BHUMIPIOBAHb OJHUM BUMIpioBaueM. OTpUMaHHi
pe3ynbTaT JIOCATAEThCS 3a PAXyHOK IIJBUILEHHS TOYHOCTI OI[HKM JHWHAMIYHOTO
nporuHy. TakuM YWHOM, 3aCTOCYBaHHS CHHTE30BAaHOI CHCTEMH HE OOMEXyeTbes ii
BUKOPUCTAHHAM JUJIS BHMIPIOBaHb Koe(illieHTa JUHAMIYHOCTI 1 MOXke OyTH
BUKOPHUCTAHOIO IIPU JOCTIIKEHH1 AUHAMIUYHUX XapakTepuctuk MC.
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ONTUMU3ALNA AJITOPUTMA PE3OJIIOIIUA B IOI'HKE
BBICKA3BIBAHUU ITPU IOMOIIA 0,1 HOI'O INTPEJACTABJIEHUA
JAN3BIOHKTOB

PobGoTy mpucBAYEHO BHPIIIEHHIO 33[adi MEepPeBIpKU BUKOHYBAHOCTI ()OPMYII JIOTIKM BHCIIOBIIOBAHb,
[0 XapaKTEePU3YIOThCS BEITUKOIO MOTYXHICTIO. 3anpornonoBano 0,1+e mpeacTaBieHHS TU3'FOHKTIB 1
MaTpU4Ha CTPYKTypa TMPEACTaBICHHS 3B'SI3KIB JTU3'IOHKTIB, ISl SKUX pO3POOJICHO aIrOpUTM
pe3odorii 3 eBpUCTUYHOI (QYHKIlIE0 BHOOPY 3B'I3KY I pe3oibByBaHHsS. HaBeneHo pesynbraT
EKCIEPUMEHTAIBHUX JTOCII/IKEHb, 10 MiATBEPKYIOTh €()EeKTUBHICTH 3alPOIIOHOBAHOTO AJITOPUTMY.

55



Kuio4oBi cjioBa: nepeBipka BUKOHYBAHOCTI, JIOT1Ka BUCJIOBIIOBaHb, M3 FOHKT, AJITOPUTM PE30JTIOLII.

PaGoTa mocBslieHa pelIeHUIo 3aaud MPOBEPKU BBIMOJIHUMOCTH (DOPMYJ JIOTHMKH BBICKa3bIBAaHUM,
XapakTepu3yroImuxcs 00Jb1oi MomHocThIo. [Ipennoxeno 0,1#0e mpeacTaBieHUE AU3BIOHKTOB H
MaTpUyYHasi CTPYKTypa IPEACTaBICHUS CBSI3€H AM3BIOHKTOB, [UId KOTOPBIX pa3pabOTaH aIrOpUTM
pE30TIONUMN € 3BpPHCTUYECKON (yHKIMeld BbIOOpa CBA3M Ui pe3osnbBUpoBaHUs. [IpuBeneHbI
pe3yJIbTaThI JKCIIEPUMEHTAIBHBIX WCCIIEJOBAHNH, MOJTBEPK JAIOIINE 3¢ (EeKTUBHOCTD
IIPEMIOKEHHOTO AJITOPUTMA.

KuroueBbie cj10Ba: IIPOBEpPKAa BBINOJIHMMOCTH, JIOTMKA BBICKa3bIBaHWM, IU3BIOHKT, aJTOPUTM
pe30IIoNUH.

The work is devoted to solving the problem of tagtihe satisfiability of propositional logic fornad,
that characterized by a great power. The clauskesefresentation and matrix representation of the
clauses links structure are proposed. A resolutiigorithm with an heuristic function of the links
choice for resolution is proposed. The experimemésiults confirming the effectiveness of the
proposed algorithm.

Keywords: satisfiability solving, propositional logic, claeisresolution algorithm.

1. Beegenue

byneBa anre6pa HaxXoAWT CBOE TMPUMEHEHHWE BO MHOTHX HANpaBICHHIX
WHPOpPMATUKA ¥ TPOCKTHPOBaHHWS LU(GPOBBIX cuUCTeM. MHoOrue 3amadu B
NPOEKTUPOBAHUHA W TECTHPOBAHHMH, WCKYCCTBEHHOM HWHTEIUIEKTE W KOMOWHATOpPUKE
MOTYT OBITH TIPEACTaBICHBI KaK IOCIEI0BATEILHOCTh Omepanuii Ha OyJeBhIX
dopmynax. Takue npunoxeHus: TpeOYOT 3)PEKTUBHBIX aITOPUTMOB TPEICTABICHUS U
00paboTku OyneBbIX (GyHKIMH. OIHUMH U3 HauOojiee BAXKHBIX M CIIOXKHBIX 3ajad
JaHHOW O0OJIaCTH SBISIOTCS 3a/Jadd MPOBEPKU BBITOJHUMOCTH (POPMYJIBI, KOTAA
HEOOXOJMMO J0Ka3aTh, YTO JAHHOE JIOTUYECKOE BBIpAXEHHE MPUHUMAET HCTUHHOE
3HAYCHUE TPHU JIFOOBIX HA0Opax BXOMHBIX JAaHHBIX, U MPOBEPKHA SKBUBAICHTHOCTH JIBYX
dbopMyi, T.e. JOKA3aTENbCTBO TOTO, YTO JOTHYECKHE BBIpaKEHUsI 0003HAYAIOT OJHY U
Ty ke (QyHkiuto. Takwe 3amaum siBistorcs NPH10mHBIME, clieoBaTENbHO, YHCIIO
MAaIlIMHHOTO  BPEMEHHM, HEOOXOIMMOE I  BBIMIOJIHEHHS] TaKWX  OIepalu,
HKCMOHEHIIMAIBLHO BO3PACTAET C yBEIMUYEHHEM 00beMa BXOAHBIX JaHHBIX. B xymiem
CiIydae, BCe M3BECTHBIE MOJIXO0IbI UMEIOT TAKYIO )K€ BHIYUCIUTENBHYIO CIIOKHOCTH, KaK
U MpOCTEHIIee BRIYUCICHUE C TIOMOIIBIO TaOJIUIl UICTHHHOCTH. Ha mpakTuke 3adacTyro
ylnaercsi u30eXarh SKCIIOHEHIIMAIBLHBIX BBIUMCICHHUNA 32 CUET MPUMEHEHUS Pa3InIHbBIX
IBPUCTUYCCKUX MPUEMOB [1].

s sddextruBHON 00paOOTKM MHOXKECTB JHU3BIOHKTOB OOJIBIIIONW MOIIHOCTU
npoIielypa BbIBOJIA JOJDKHA OTBEUATh CIICAYIONUM TPeOOBaHUAM [2]: Ha CKOJIBKO 3TO
BO3MOXKHO, CYXaTh IPOCTPAHCTBO IOMCKAa KOHTPApPHOW Napbl HAa KaKIOM IIare
PE30JIbBUPOBAHMS; HCKIIOYATh U3 JajJbHEHIIIEro pacCCMOTPEHUS TU3bIOHKTHI, KOTOPbIE
HE MOTYT OBITh HCHOJBb30BaHbl B IMPOLIECCE J0KA3aTeNbCTBA, B MPOIEAYPE BHIBOJAA
JOJKeH OBITh peanu3oBaH 3()(EKTUBHBIA alropuTM BbIOOpPAa KOHTPApHBIX Hap IS
PE30JIbBUPOBAHMUSL.

[Ipouenypa BbIBOma Ha rpade CBs3€il yAOBIETBOPSET BCEM IMPEACTABICHHBIM
BBHIIIE MPUHIAIAM Cco3AaHus A(G(OEKTUBHBIX MPONEAYp ASAYKTHBHOTO BbIBOAA. ['pad
CBSI3CH SABIIACTCA KaK CIOCOOOM TIPEICTABICHHS MHOXXECTBA JTU3BIOHKTOB JIOTHKH
BBICKA3bIBAHUN W JIOTMKH TMPEIWKATOB TEPBOTO IMOpsIKa, TaK W OCHOBOHW Jis
MIOCTPOCHHMSI aJITOPUTMOB TIOCJICIOBATEIBHOMN U TTapaslIeIbHOM pe3otorun [3].
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Heabio nanHoii padorkl siBiseTcs pa3padoTka 3(PQPEKTUBHOTO MPEACTaBICHUS
JA3BIOHKTOB U cOOTBETCTBYIOIIEN MM KH®, a Takxke nocTpoeHne ONTUMUA3ZUPOBAHHOTO
aJIrOpuTMa PE30JIOLUU AJIsl pa3padOTaHHOTO MPEACTABICHUS.

2.IlocTanoBKa 3a1a4H

PaccmatpuBaetcsi kiaccudeckasl 3ajiadya MPOBEPKU BBIMOJIHUMOCTU JIOTHYECKUX
BbICKa3bIBaHUU. VICXOAHBIMM  JaHHBIMU  SIBJISIETCS.  MHOKECTBO  JIU3BIOHKTOB
S={Cy, C,, ..., C¢}. HeobOxomumo poOBEpHUTHh BEIBOJUM JIH U3 MHOXKECTBA TU3HIOHKTOB
S 3aJJaHHOTO BBICKA3bIBaHUSI MyCTON AU3BIOHKT . Eciu 3TO Tak, TO S HEBBINOIHUMO,
WHaYe — BBITOJIHUMO [2].

Jlannast 3amada sBisercss NP4101HOM 3a cueT 53KCHNOHEHIMAIbHOTO pPOCTa
MPOCTPAHCTBA MOUCKA.

3. BeiBoa Ha rpade cBs3eii

OCOOEHHOCTHIO COBPEMEHHBIX MPOTPAMMHBIX KOMILUIEKCOB SIBJISIETCS  OOJIBIIION
o0beM BXONHBIX JaHHBIX. B cHCTeMax JIOTHYECKOTO BBIBOJA BO3HUKACT
HeoOxoaumocTh o0OpaboTku KH®, kotopble MoryT coaepxkaTh Oosiee MUJLTHOHA
JIU3BbIOHKTOB, COCTOSIIIIMX U3 COTEH JIUTEPAIIOB

OaHuM M3 OCHOBHBIX METOJOB MOBBIIIEHUS 3((HEKTUBHOCTH MpOIEcca BBHIBOJA
SBJISICTCS pe30JibBUpoBaHue Ha rpade cBszeit [2]. [Ipu moctpoenun rpada cpsiseit mis
MOCJIEIOBATENBHOCTH JU3BIOHKTOB S=C;, Cy, ..., Cy, COCTOAIMUX M3 KOHBIOHKTOB
K1, Ky, ..., Ky, K&KJIOMY JU3BIOHKTY CTaBUTCS B COOTBETCTBHE BepiuHa rpada G. /[Be
BEPUIMHBI COEIUHSIOTCS peOpOM, HaA3bIBAEMBIM CBS3bIO, €CIM OHU O00pa3yloT
KOHTpapHyl0 Tmapy, T.6. 1O OSTUM JU3IBIOHKTAM MOXET OBbITh MPOBEICHO
pe3onpBUpOBaHUE. Pe3ynbTat pe3oasrBupoBaHus y3i10B nodasmsiercs B rpad G.

4. IlpeacraBiieHne TU3bIOHKTOB U UX CBsI3ei

[TycTh 3amano MHOKECTBO MU3BIOHKTOB S.IlycTth A=(a,,a,,...,a,) —andaBuT Bcex
OykB u3 S.Cuunrtaem, 4TO A JTUHEHHO yIOPSAIOUEH.

Ha HauanbHOM »Tane Kakaplii AM3BIOHKT OyneM npenctaBisaTh 0,1HbiM Habopom
X; =(X 1, X y) 1O TIpABUITY [6]:

1, ecau & Bxoaut B C; Ge3 oTpUL@HUS

X i = 0,ecau a; Bxoaur B C j CoTpHLaHneM

_, ecau atepain & He BXoaut B C

B pesynprate Takoro mpexacraBieHust Oyner mnoiydeHo MHoxecTtBo 0,1#HbIx
BEKTOPOB (HAOOPOB), COOTBETCTBYIOIIEE NCXOJHOMY MHOXKECTBY S.
[onyuenusie HAOOPHI X, HEOOXOAMMO YNOPSIOYUTH TAKUM OOPa3oM, YTOOBI

YIPOCTHTh TIOMCK CBS3€W M1 pE30JbBUPOBAaHUSA, a Takke U30eXaTh pocTa
NPOCTPAHCTBAa TMOMCKAa TMpH J00AaBJIEHWH pPE30JIbBEHTH. B HacTosmeit pabote
npeanaraercss pa3OuTb HaOOpBl X HAa N KIACCOB, COAEPKAIIUX COOTBETCTBYIOLIEE
HOMEpYy Kjacca 4YMCiIO ‘', 9TO COOTBETCTBYET JWHE IU3BIOHKTOB MHOXECTBa S.
Takue kjacchl HEOOXOIWMO YHOPSAOYUTHL IO YyOBIBAaHWIO YMCIa ' B Habopax
(Bo3pacTaHuIO JUTMHBI TU3BIOHKTOB MHOKECTBA S). BHYTpH KaK0T0 M3 KJIaCCOB TAKKe
HEOOXOMMO YNOPSANOYUTh HAOOPHI X 110 BO3PACTaHUIO HOMEPA MO3ULUH *_

Kaxnoih nape HabOpoB X, W X, U3 CIHCKAa [U3bIOHKTOB, CTABHUTCA B

cootBercTBUE cBs13b R(l,)) mo mpaBuy:
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1 ecnu (X = Xjm)u (X #'2)
Ra(l,j) =10,ecmu X\, O X, =1
_seemu (X ='_) wnu (X, ='_)

Jlanee 1Mo MOCTPOCHHOW MaTpHIle R BBINONMHSETCS MpoIeaypa pe30IbBUPOBAHUS
IO CIICAYIOIIEMY aJTOPUTMY.

5. OnucaHue aJropuT™Ma pe3oJII0IHHA HA MaTpHIle CBsA3eHl

[IpemytaraeMblii alrOpUTM COCTOMT M3 CIEIYIONIUX IPOLEayp: MHpenoopadoTka
MaTpPHIIBI CBSA3CH, BBIOOP CBS3H JIUIS PE30JILBUPOBAHUS, PE30ILBUPOBAHUE JU3BIOHKTOB,
n00aBJICHHUE MTOTYYECHHOTO BEKTOPa-PE30JbBEHTHI B MATPHILY CBSI3EH.

5.1 OnTuMu3anus MaTpUIbI CBsI3el

O0paboTka MaTPHIBl OCYIIECTBISETCS MOCTPOYHO, HAYMHAS C TIEPBOM CTPOKH.
BremmonnsieTcss  ynaneHue  IU3BIOHKTOB-TABTOJIOTHM, TIOTJIOMIEHHBIX W YHUCTBIX
TU3BIOHKTOB JJISI BCEX CBsi3el MaTpuIlsl R.

1) B marpuue cBa3ei, eciu a1 HabOpOB X, U X, KOJIMYECTBO HyJEH B CBA3H

R(l,}) Ooumbliie omHOro, TO B pe3yjbTaTe Pe30JbBUPOBAHUS COOTBETCTBYIOIICH Maphbl
JTU3BIOHKTOB OYACT IOJIYYeH IW3BIOHKT-TABTOJIOTHS, M TaKylO CBS3b HEOOXOIUMO
yIaTUTh.

2) Ecmu oi:io@n)(R(@,j))=R(j,i)OD(R(,j)="_"), TO AUIBIOHKT X, HOTJIOMIAET
JIU3BIOHKT X, YAAISIOTCS |-€ cTpoKa u cTooell.

3)  Ecam B Tekymieil CTpoKe | OTCYTCTBYIOT CBSI3U UISl PE30JIBBHUPOBAHHS, TO
MOJTYYCH YHMCTHINA JU3IBIOHKT U 3TA CTPOKA YAAJSIETCA.

OOpaboTka MaTpuipl CBSI3€H MPOAOIDKAETCS 1O TeX IMop, MoKa He OyayT
pPaccMOTpPEHBI BCE CTPOKH.

Tak kak morjomialOIIMe OUIBIOHKTHL HMMEIOT MEHBIIYI0 JUIMHY, YeM
NOTJIOIIAeMble, TO YIOPSJI0YMBAHUE HAOOPOB MO YHCIY ‘_’ TO3BOJIAET BBITOJIHHUTH
IpoIelypy MOTJIOMIEHHUS 32 MEHbIIEe YHCIIO I1aroB.

5.2 Bri00p cBsA3M ISl Pe30J1bLBUPOBAHUSA

JInst mosrydeHust pe30JIbBEHTHl MUHUMAITBHOH JUTHHBI B [6] mpeiokeHa SBpHCTHKA
BbIOOpa CBSI3U JUIS  PE30JHBUPOBAHMA. BBIOMpPAETCS CBSI3b, YHCIO ‘' KOTOpOW
MUHHMAJIbHO OTJIMYAETCS OT 9YHWciIa ' BTOPOTO JW3BIOHKTA W YHUCIO CIMHHIL
MaKkCUMajbHO. B OONBIIMHCTBE CiIy4aeB TakoW MOAXOJ MO3BOJSET U30€KaTh PE3KOTo
pocTta uncia 00padbaThIBaeMbIX TU3BIOHKTOB.

bnaronapst cnocoOy yropsiounBaHusi HaOOpPOB W TIOCTPOCHUS MATPHIIBI CBS3EH,
NPE/UIOKEHHBIX B JaHHOW paboTe, BBIOOP CBSI3M C IMOMOIIBIO TAaKOW IBPUCTUKU
CBOIUTCS K TIIOCIIEOBAaTEIIbHOMY BBIOOPY CBsI3eH IS PE30JIbBUPOBAHUS, UTO
3HAYUTEIHHO YMEHBIIACT YHCIIO, BBIITOIHAEMBIX CDABHEHHUH.

B pesynbTare uccienoBaHuii, IpOBEJCHHBIX HA PsiJieé TECTOBBIX MPUMEPOB, OBLIO
MOKa3aHO, YTO TaKoe YHOPSAOYMBaHWE HAOOPOB IMO3BOJISET, AHAIHM3UPYS MaTPUILY
CBSI3eH, OIpeneNnarTh mapbl HAaOOPOB, pPE30JbBUPOBAHME KOTOPBIX MPHUBEAET K
NOMIOIIEHUI0 3TUX HaOopoB. Ecom Ci:io@n) (R(,j)=R(j,i)0(R(,)OR(j,j)=1), TO
HAaOOpBI X U X; OyAyT ylaJeHBl.

Tak kak BBIOOp TakUX CBSI3€H MPHUBOJUT K COKPAIICHUIO MPOCTPAHCTBA IOWCKA,
Ipe/IaraeTcsi UCIOIb30BaTh TAKOE CBOMCTBO Ha 3Tarle ONTUMH3AIMHA MATPHIIBI CBSI3EH,
a Takxke MpH J00aBIEHUHM PE30JbBEHTH B MaTpully cBsizeld. CleqyeT OTMETUTh, YTO
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TaKyl MPOBEPKY CIEAyeT HPOBOIUTH Jii HAOOPOB OJHOTO Kiacca, COJEpKallux
OIMHAKOBOE YHCIO ‘', TakuM o00pa3oM, HCHOJIb30BAaHUE TaKOM 3BPUCTUKU
CYILIECTBEHHO HE MOBBIIIAET BEIUUCIUTEIBHYIO CIOKHOCTh alITOPUTMA.

5.30mnepanus pe30JbBUPOBAHUSA TU3BIOHKTOB

Hamnuue B 0,1#0M Habope CBsI3U OAHOTO HYJSI MOKA3bIBAET, YTO JU3BIOHKTHI
0o0pa3yloT KOHTpapHyIO Mapy, TO €CTb BO3MOXHO HX pe30JibBUpoBaHHe. Omnepauus

PE30JIbBUPOBAHUA 3aKIOYACTCA B IMOJIYUCHHUHU U3 BECKTOPOB Xl n Xj HOBOI'O BEKTOpa —
PE30JBBEHTHI T, , KOTOPBINA ONPEAESETCS O MPABUITY:
Xjk, ecau (X, # Xjk) u (X ="'
Ty =1 _ecmu (X 2 Xy ) u (X ') ,
Xk, unave

[TomyuenHble pe30JabBEHTHI JOOABISIOTCS B COOTBETCTBYIOLINI Kjacc HAOOpOB, HE
HapylIas YIOPSIOYEHHOCTH BHYTPH JTOrO KJjacca, 4YTO IMO3BOJIUT YMEHBIIUTH
KOJIMYECTBO CPaBHEHHUI NMPHU TOWCKE HOBOW CBSI3U AJISl PE30JbBUPOBAHHUA, a TAKXKE
YBEJIIUYUTH BEPOSTHOCTDH MOTJIOUICHHSI HOBBIM TU3bIOHKTOM MPEIbIIYIINX.

Ecin HOMep kimacca HOBOrO Habopa MEHbBIIE WM PaBeH HOMEPAM KJIacCOB
HAaO0OPOB-«POAUTENICH», TO HEOOXOJUMO MPOBEPUTH BO3MOXKHOCTH TOTJIOMICHUS HHUM
JIpYyTuX HAOOPOB TU3BIOHKTOB M MPOBECTH OMEpanuto norjiomieHus. s nobasnseMoit
PE30JIBBEHTH HEOOXOIUMO OIpPENCTUTh CBS3H C JAPYTUMH TU3BIOHKTAMH, KOTOPHIC
HAa0Op-pe30JIbBEHTa HAcleIyeT Yy JIU3bIOHKTOB-«poAuTeneii». B pesynbrare
PE30JIbBUPOBAHUS HOBBIX CBSI3€H HE BOSHHUKACT.

Eciu Ha HEKOTOpOM »JTame BBIMOJIHEHHUS alropUTMa TOJy4yeHa ImycTas
pE30JIbBEHTa, TO S BBINOJIHMMO W aJITOPUTM 3aKaHUYMBAeT CBOK pabory. Eciam nHa
HEKOTOPOM 3Tare BBIMOJIHEHUSI aJrOpUTMa HEBO3MOXKHO HANTH Mapy AU3bIOHKTOB IS
PE30JIbBUPOBAHHUS, TO S HEBBITIOJIHUMO.

6. JKcnepUMeHTAJIbHbIE HCCIeI0BAHUS

His omneHku 3(PQGEKTUBHOCTH TPEIVIOKEHHOro B paboTe anropuTMma Oblia
BBITIOJTHEHBI CepHsi dKcTepuMeHToB. Kpurepusmu 3¢p¢GeKTHBHOCTH MeTofa Obuin
BBIOpPAHbI YHCJI0 UTepanuii (pe30JIbBUPOBAHUN) U MAKCUMAIILHOE YHCIIO JTU3BIOHKTOB
3a BpeMs pabOThI AITOPUTMA.

Ananmn3 3¢pGEeKTUBHOCTH MPEAJIOKEHHOTO aJITOPUTMA TIPOBOIMIICS HA MHOXKECTBAaX
JTU3BIOHKTOB PA3JIMYHONM MOIHOCTBIO W Pa3NW4YHOW JIuHOW andaBuTa. Pesymbrathl
OIIEHKH SIBJSIIOTCS cpeaHuMu mo pe3yiabratam 30 skcnepumeHToB. B Tabmuie 1
NPEJCTaBICH CpPaBHUTEIbHBIA aHamu3 anroputma pesomtoruu  npu  0,1HoMm
NPEJCTaBICHUN TU3BIOHKTOB B JIOTUKE BBICKA3bIBAHUN KIJIACCHYECKOTO alTrOpUTMa
pe3ouronny Ha Tpade CBSI3EH.

CpaBHUTENbHBIN aHANU3 MPEAJIOKEHHOTO aNrOpuTMa U ajiropuTMa BHIBOJA Ha
rpade cBs3ei Ha psijie YACTHBIX CIIy4aeB MOKa3aJl CYIIECTBEHHOE YMEHBIIEHUE YHCcia
BhINOTHAEMBIX uTepanuid (20-30%)npu He3HAYUTEIIEHOM POCTE MPOCTPAHCTBA TIOUCKA
(5-10%).

B [6] Obumn mpeioKeHBI CIEAYIONUE SBPUCTUKHA JUIS TOHMCKA CBS3HM IS
PE30IBBUPOBAHUS:

1) mnocnenoBaTeNbHOE PE30JbBUPOBAHKE CBA3CH TPEYroJbHOW MATPHIIBI CBSI3Ci
OT CTOJIOIAa ¢ MUHUMAJIBHBIM HOMEPOM JI0 CTOJIONA ¢ MaKCUMaJIbHBIM HOMEPOM;
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2) pe30JBBHPOBAHME CBSI3EH ¢ MAKCHMAIbHBIM KOJHYECTBOM €/IMHHII,
3) pe30IBBHpPOBAHKE CBSI3EH C MUHUMAIBLHBIM KOJMYECTBOM EAHHUII,
4) BbpIOUpaeTrcs Ta CBsI3b, KOJIMYECTBO ‘' KOTOPOW MHUHHMAIBHO OTIMYAETCS OT

KOJIM4YCCTBA

' BTOPOT'O IU3BIOHKTA.

Tabnuia - CpaBHUTENBHBIN aHATN3 AITOPUTMA PE30IIOIUH Ha Tpade cBsA3eil u Ha

0,1'HOM MPCACTABJICHUN NTU3BbIOHKTOB B JIOTHKC BBICKA3bIBaHUM

Kpurepnuu oneHku

Pezomtonms Ha rpade

Pesomronus va 0,1410M

CBsI3EM MPEJICTABICHUHN
JlnmHa Yucno Yucno Yucao Yucno Yucno
andaBuTa | JU3BIOHKTOB BEPILINH uTepaun HabOpoOB uTepaun
10 11 I 6 4
) 20 23 10 13 4
50 50 10 36 3
10 12 13 11 10
10 20 24 25 21 19
50 56 50 46 43
20 22 29 22 23
20 50 55 69 52 53
100 107 131 103 89

[lapameTrpamu, MO KOTOpPHIM BO3MOXKHO XapaKTEpU30BaTh pabOTy alropuTMa,
SIBJISIFOTCS. YACIJIO UTEPALUN AIITOPUTMA U YUCIIO ITPOMEXYTOUHBIX ITU3BIOHKTOB. Yncio
UTepaluil ompenenser BpeMs pabOThl alropuTMa, a YHCIO MPOMEXKYTOUYHBIX
JIU3BIOHKTOB ITOKA3bIBAET POCT IPOCTPAHCTBA ITOMCKA.

[IpencraBuM BpeMEHHYIO XapaKTEPUCTUKY pabOThl aJrOPUTMA, KaK 3aBUCHUMOCTh
YUCa TPOMEKYTOUYHBIX TU3BIOHKTOB OT I1ara JIOTM4€CKOIO BBIBOJA:

Y=f(X),
rae X — HoMep 1ara paboThl alropuTMa, »
a Y — 9uCII0 MPOMEKYTOYHBIX TU3BIOHKTOB Ha Y

9TOM IIare. .
Takast 3aBUCMMOCTb MO3BOJISIET I[MOJIYYUTD a0

noApoOHyr0  uHpopmaruo 0  paboTe -

aAropuTMa, B 3aBHCHMOCTH OT BHIOPAHHEIX

9BPHUCTHUK. Y i e s sy a7
TecroBbiM [IpUMEpOM CHAy’KUIA  pyc. 1. BpeMeHHas XapaKTepUCTUKA

CreHEepUpOBaHHas IIPOrPaMMHO KHO, paGOTHI ANTOPUTMA TPH BBIGOpE

cocrosamass u3 60 OU3BIOHKTOB, a [JIMHA
andasura cocrabuia 10 nutep. Kak mokazano
Ha puc. 1 pe30JbpBUpOBaHUE CBSI3EN C
MaKCHUMaJIbHBIM YHCJIOM €IWHHII ITO3BOJIACT IOJYYUTh PE3YJIbTaT 3a MHUHUMAJILHOC
YUCJIO UTEPAIMii, HO MPH 3TOM HAOIIOJACTCS KPATKOBPEMEHHBIH POCT KOJUYECTBA
00pabaThIBaEMBbIX JTU3BIOHKTOB.

Br100op CcBsI3u MO uKciy ‘' MO3BOJISET YMEHBIIUTh TAKOW POCT, HO TIPH 3TOM JIJIS
MOJIYYCHHUS  pe3yibTata TpeOyeTcs Ooiblliee 4YHCIO HTepanuidl. BpemenHas

CBSI3€M ¢ MAKCUMAJILHBIM YHCJIIOM
€ IVMHUI]
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XapaKTepUCTHKA pabOThl AITOPUTMA C IPUMEHEHUEM TaKOM 3BPUCTUKU IIPE/ICTaBICHA
Ha puc. 2.

Ha ocHoBe moOJyyeHHBIX s
JTAHHBIX OBLIT PEAJIOKEH s0
KOMIUIEKCHBI TOJXOJ K BBIOOpY 50 N
CBS3M JUISI  PE30JIbBUPOBAHMS: az
BbIOMpaeTcs Ta CBS3b, . MN

KOJIMYECTBO _’ KOTOpOH \

MHUHUMQJIBHO  OTJMYAETCs  OT

KOJIMYEeCTBA ‘_’ BTOPOTO ® 05 D 7 © MR ST R S S DD S G
IA3BIOHKTA, eciu TaKHUX Puc. 2. BpemenHnas xapakTepuCcTHKa aJITOPUTMa
JIU3BIOHKTOB  HECKOJBKO,  TO IIpU BBIOOpE CBs3EH MO unciy '’
MPOUCXOAUT  PE30JIbBUPOBAHUE -
CBsI3eH c MaKCHUMaJIbHbIM o
KOJIMYECTBOM €IUHMUII.
Bpemennas XapaKTEPUCTHUKA N
paboTBHl anropuT™Ma MpU TaKOM
BEIOOpE CBsI3EH TUTST ]

o

peBOHBBHpoBaHHH HpeHCTaBHeHa 1 2 5 7 9 11 12 15 17 19 21 22 25 27 29 21 22 25 27 29 41 42 45 47 49
HA pHC. 3 M IOKa3bIBACT, UTO Puc. 3. BpeMeHHas XapakTepUCTUKA aJrOPUTMA C

TaxKas DBPUCTHUKA IABIISIETCS KOMILICKCHOM BBPHCTHKOﬁ BBI60pa CBA3HU

HaunboJiee YHUBEPCAIbHOM.

6. BeiBoabI

B nacrosimieit pabote npennokeH alropuTM pe30JIIOLUH B JIOTUKE BHICKA3bIBAaHHIA
s 0-1soro mpeacTaBieHUs AU3BIOHKTOB, KOTOPBIA B OTJIMYMU OT CYIIECTBYIOIIUX
MeTOoA0B Mo3BoisieT pabotars He ¢ KH® BrickasbiBanmii, a co cruckoMm 0-1#bIx
HaOOpOB IJIs1 KOTOPBIX pEAJM30BaHbl OINEpalldU TPUCYIIHNE METOJY PE30JIOLHH:
MOTJIOUICHUE TU3BIOHKTOB, YAICHUE JU3BIOHKTOB-TABTOJIOT U, YUCTHIX TU3BIOHKTOB

Ha xaxmoi craguu anropuTMma MPEAioKEHbl 3BPUCTHKH, KOTOPBIE MO3BOJISIOT
YMEHBIIUTH BPEMsI BHIIIOJIHEHUS aITOPUTMA U YUCIIO TONOJHUTENbHBIX JU3BIOHKTOB!

— COpPTHpPOBKa HAOOPOB HA CTAJIMU MOCTPOEHUS CHHUCKA JAU3BIOHKTOB MO3BOJISET
pa3fenuTh JU3IBIOHKTHl Ha KIacchl aHajiormyHo wmetoxy JleBuca-IlatHema, uro
MO3BOJIMJIO CHHU3UTHh BEPOSTHOCTH IMOSIBIEHUS PE30JBbBEHTH OOJNBIICH IJIMHBI, YeM
JUIMHA JU3BIOHKTA-POJMUTENS, a TaK)KE YMEHBUIMTh YHUCIO CpPaBHEHMHA BO BpeMs
npeao0paboTKN MaTPHULBI CBsI3€H, 3a CYET TOTO, YTO MOIJIOMAEMble TU3BIOHKTHI OyIyT
HaXOJUTHCS BHU3Y MATPHIIbI, U HE OyIyT y4acTBOBATh B CPAaBHEHHHU,;

— IpensoKEeHHbIE IBPUCTHKHU MOMCKA CBA3M AJISI PE30JIbBUPOBAHUS UMEIOT CBOU
NPEUMYIIECTBA U HEAOCTATKU B 3aBUCHMOCTH OT PECYPCOB CHUCTEMBI U MOCTABICHHOM
3aJa4M; TaKk BBIOOP CBSI3M, KOJIMYECTBO ‘' KOTOPOHl MHUHUMAIbHO OTJIMYACTCS OT
KOJIMYECTBA ‘' BTOPOTO AM3IBIOHKTA MO3BOJISIET MOJIYYUTh PE3YIbTaT 32 MUHUMAIBHOE
YHCIIO IIaroB, HO MPH 3TOM YHCJIO MPOMEXYTOUHBIX TU3BIOHKTOB Bo3pactaet 10 20%,
B TO JX€ BpeMs Ui BBIOOpa CBSI3M C MAaKCHUMAaJbHBIM YHCJIOM EAMHHUI, POCT
IPOCTPAHCTBA TOUCKA SBISETCS HE 3HAYUTEIBHBIM, HO CYIIECTBEHHO YBEIMYUBACTCS
BpEMsI BBITIOTHEHUS allTOPUTMA,
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— 1100aBJIEHUU TOJIYYEHHOM PE30JIbBEHTHI B HAUAJI0 MATPULbI CBS3EH MO3BOJISET
4acTO TMOJIyyaTh CHUTYallMi0, KOTJIa OHA TMOTJIONIAET JU3BIOHKTBI-KPOJUTENN», UTO
TaK)Ke MPUBEJET K COKPALICHUIO MPOCTPAHCTBA IMOUCKA.

[IpoBeneno wuccnenoBanue 3PQPEeKTUBHOCTH PabOTHl ANrOpUTMa PE30JIIOLNUU B
Joruke BeIckaspiBaHui st 0-1-Horo mpeactaBieHHs TU3BIOHKTOB Ha PsIE YaCTHBIX
CJIy4aeB, KOTOPOE MOKa3aJlo, YTO

— pa3pabOTaHHBIM AJITOPUTM YMEHBIIAET YHUCIIO BBINOIHIAEMBIX UTEpALUi, T. €.
BpeMsl BBITIOJIHEHUS aJITOPUTMA, B cpeiHeM Ha 2490,

— B CpEJIHEM, pOCT MPOCTPAHCTBA MOUCKA MO CPAaBHEHUIO C BBIBOJIOM Ha rpade
cBszeit ymenbimics Ha 18%,u cocraBun — 8%.

Pe3ynbrarel ganHo#i paboThl MOATBEPKIat0T () (PEKTUBHOCTD Ucnonb3oBanus 0-1-
HOTO TPEJCTaBICHUS AU3BbIOHKTOB JJI ONTUMHU3ALUHU aJrOpPUTMa PE30IOINH B JIOTUKE
BBICKa3bIBAaHUM
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