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YCKOPEHME OIIEPAIIMI HAJI MHOKECTBAMM B
JNEAYKTHUBHOM METO/IE MOJIEJITMPOBAHUSI
HEWUCIIPABHOCTEM

BukoHaHO aHami3 CTPYKTYp AQHUX 1 AJrOPUTMIB NMpPU BHKOHAHHI omepauiii Teopii MHOXHH Hax
crickamy e(eKTiB B JEAYKTHBHOMY METOIl MOJCTIOBAHHS HECHPABHOCTEH LH(POBHX CHCTEM.
3anponoHoBaHo 4 THIA CTPYKTYpP JaHHX Ta MPOLEAYPH iX 0OpOOKH, 10 3a0e3MeUyI0Th MaKCHMAIbHY
MIBUAKOJII0 0a30BHX Omepamniii, HeoOXiTHUX A1 e()eKTHBHOI MPOrpaMHoi peanizanii MeToza.

This paper analyzes data structures and algorithms for performing set theory operations upon defects
lists within deductive fault simulation method of digital systems. Suggested 4 types of data structures
and calculation procedures, which provide maximum performance for base operations required for
effective software implementation of the method.

[ocranoBka  mpo6JjeMbl.  AKTyadbHOCTH  pabOTBl  OmpeAemsaeTCcs
HEOOXOIMMOCTBIO ~ CYIIECTBEHHOTO  TIOBBIIICHHS  OBICTPOJCHCTBUS  CPEICTB
MOJICIIMPOBaHMSI HEUCIPABHOCTEH M aBTOMAaTWieckoil reHeparuu TectoB (ATPG)
[1] mms crnoxHBIX IHUQPOBBIX CHUCTEM, HMIUIEMEHTHPYEMBIX B KPHUCTAJIIBI
pOrpaMMHUPYEMOH JIOTHKH.

bonee 50% cymectByromux cucteM ATPG [1 - 4] wucnoms3yror
JeIyKTUBHBI MeTon MopenupoBanust (deductive stuck-at fault simulation), c
MOMOIIBI0 KOTOPOTO MOXKHO TIOJYYHTH TAOJIMIly IOKPBITHS HEHCIPaBHOCTEH,
MPOBEPSIEMBIX TECTOM. AHAJIN3 pacIipeAeiIeHHs BpEMEHH BBIYUCIUTEIHHOTO IUKIIA
00paboTKN TEeCT-BEKTOpa B JIEAYKTHBHOM METO/E MOKa3blBaeT, 4To okoio 70%
BPEMEHH OTBOJAWTCS Ha BBIIIOJIHEHHE TEOPETHKO-MHOXKECTBEHHBIX OIEpaldii Hal
CIMCKaMH  HEHCIpPaBHOCTEH: OObeAWHEHHE, TIepecedeHHe | JIONOJHEHHE
(Borumranue).  [lostomy — ObIcTpozeiicTBME — NPOTPaMMHOM  peaim3aluu
JEeIyKTHBHOTO MeToJa B Oousblleil cTemeHn 3aBHCUT OT AddexkTuBHOCTH
BBITIOJTHEHHUS! OTIEPALINA TEOPHH MHOKECTB.

Jnst mporpaMMHON peanu3aliiy onepanii HaJl MHOKECTBAaMH WJIM CHHCKAMH
HCTIONB3YIOTCSA CTPYKTYPHl NAaHHBIX W alTOPUTMBI, 3((EKTHBHOCTH KOTOPBIX
BapbUpyeTCs B 3aBUCHMOCTH OT KOJHMYECTBa 0OpadaThIBaGMBIX 3JE€MEHTOB. UTO
KacaeTrcs JEIyKTUBHOIO METOAa MOJEIUPOBAHUS HEHCIPABHOCTEH, TO 3]€Ch
0COOCHHOCTH BBIYMCIICHUH CBSI3aHa C IIMPOKHUM JHAla30HOM pa3MepOB MHOXKECTB,
y4acTBYIOIIMX B omepanusx. IloaroMy HHM oOJHa M3 OOIICTIPHHATHIX B
NPOTrPaMMHUPOBAHUM CTPYKTYP JAHHBIX He oOecrieumBaeT JeIyKTHBHOMY METOIY
OPUEMIIEMON  TPOMU3BOAMUTEILHOCTH  BBINOJHEHHUS TEOPETHKO-MHOXKECTBEHHBIX
ornepanuii.
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Heab uccieqoBaHNsA — aHAIN3 U BBIOOP ONTUMANBHBIX CTPYKTYP IaHHBIX H
QITOPUTMOB BBITIOJIHEHUSI TEOPETUKO-MHOKECTBECHHBIX OTEPALMH B JIEIyKTHBHOM
METOJIC MOAEIMPOBAHUS HEHCIPABHOCTEH C TOUYKH 3peHHs ObICTponaeicTBHA U
3aTpaT MaMsATH.

K 3agagam wmcciemoBaHusl OTHOCATCA: |) aHANIN3 KIIACCHYECKHX CTPYKTYP
JAHHBIX, IPUMEHIEMBIX B JUCKPETHOH MaTemartuke [5, 6] M mporpaMMHpOBaHHUA
[7 —10] misn peanuzanum onepanuii TECOPUH MHOXECTB; 2) pa3paboTKa CTpaTerhu
BBIYHCIICHHH, oOecrieunBaronieli ONTHMAIbHbBIE 3aTPaThl MAMATH U MaKCHMalIbHOE
ObICTpOneiicTBHE A KaxIoW nu(POBOH CHCTEMBI NPH BBHIIOJHEHUN OTIEPaLnit
HaJ CHHCKaMH HEWcHpaBHOCTEH; 3) omeHka 3(QQEeKTHBHOCTH pa3paboTaHHOI
CTpaTeTuH.

AHAMN3 KJIACCHYECKHX CTPYKTYP AAHHBIX JUIA MHOKeCTB. TeopeTuko-
MHOXECTBEHHbIE  OIEpalil  MCHOJB3YIOTCS  IPH  PEUIeHHH  MHOTHX
MaTeMaTHYECKUX 337a4, B TOM YHCJIE CBA3AHHBIX C pacCMaTpUBaeMOil TEeMaTHKOI
MOJICIUPOBAaHMUA HEUCHpaBHOCTEH. [ XpaHEHUS OJIEMEHTOB WU peaau3alui
MHOXECTBEHHBIX OIEpaIlii CYIIECTBYeT HECKOJBKO YacTO MPUMEHIEMBIX B
JUCKPETHOI MaTeMaTHKe U IPOTrPaMMUPOBAaHUN CTPYKTYpP JaHHBIX:

— XapaKTepUCTHYECKHE BEKTOPHI (Characteristic vectors);

— cBsi3ubie crucku (linked lists);

— bunapusie nepesbs (binary trees);

— xam-rabnuier (hash-tables).

[lepeuncnenHble CTPYKTYpbl IAHHBIX SBISIFOTCS 0a30BBIMHM IIPH PELICHUH
IIMPOKOTO Kiacca mpoOineM, a uX OBICTpoJEiicTBHE M 3aTpaThl IMaMATH
00yCIIOBIIEHBI BHYTPEHHUM COJIEpIKaHUEM.

XapakTepuCTUYECKUE BEKTOPbI. XapakTepuctuueckuii Bexktop [1, 5, 6] —
CTPYKTYypa AAHHBIX A XpaHEHWs IOJMHOXeCTB yHHMBepcymMa U c KOHEYHBIM
YHCIIOM 3JIEMEHTOB N, MPE/ACTaBIIAIomas co0oi TBOMYHOE CIIOBO JJIMHOM N OHT, B
KOTOPOM eIVHHIA B i-M OHWTE HHTEPIPETHPYeTCs KaK MPHHAIJICKHOCTH I-TO
3JIeMEeHTa MHOKecTBY U, a HOJIb — OTCYTCTBHE TaKOH IMPHHA/IICKHOCTH.

Hanpumep, amst npencraBieHns] MHOKECTBA, COJEPIKAILETO YETHIPE SIEMEHTa
{2, 4, 7, 9} B yauBepcyme u3 10 3eMEHTOB, XapaKTEPUCTHUECKUI BEKTOp OyIeT
coJiepKaTh YeThIpe €AWHMIBI M IIEeCTh Hyled B HHJIEKCAaX, COOTBETCTBYIOIIMX
HOMepaM 3JIeMEHTOB MUHYC oJuH (puc. 1):

HomMepa BuTos O 1 2 3 4 &5 @ 7 &8 9
smawenma |0 |1 |of1fo]a]ifoli]o]
| | |

| dmemenTH 2. 4. 7. 9% |

Puc. 1. IIpencraBieHrie MHOXKECTB B BHJIE XapAKTEPUCTUUECKUX BEKTOPOB
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I'maBHOE JOCTOMHCTBO HCIIONB30BAHUS XapaKTEPUCTHUECKUX BEKTOPOB
3aKJIFOYaeTCs B MPOCTOTE NMPOrPaMMHON peanu3alui TeOPEeTUKO-MHOKECTBEHHBIX
BBIUHMCIIEHHH, CBOASAIIMXCA K CIIEAYIOIIMM JOTHYECKHM OTIEPAITHsIM:

Wi =Wa vWg; Wy g =Wy -Wg 3 Wy g =W, -Wpg , 1)
rie Wpaop Wap: Wpa g  — XapakTepUCTHUECKHE BEKTOPBI DPE3yJLTaTOB
0o0bEAMHEHNs, TIepecedeHNss M pa3sHOcTH coorBercTBeHHO, W,, Wy -

XapaKTEePUCTUUECKHE BEKTOPHI MHOXeCTB-onepanioB. M3 (1) oueBunHO, uTO TaKas
peanu3zauus  omepanuuil TEOpPUM  MHOXKECTB  XAapaKTEpPU3YeTCs  JIMHEHHOMN
CJIOKHOCTBIO, 3aBUCALICH OT IJIMHBI XapaKTEPUCTHIECKUX BEKTOPOB!

Oace(M) =tor-N; Oa-g(N) =tayp-N; Ba () =(tap +tnor) N (2)
rae Op 8, Op~p: Oa_g — CIOKHOCTH OmEpalUil OOBEIMHEHNS, EPECEUEHHs U
BLIYUTAHUS COOTBETCTBEHHO, 1or, tayp, Inor — BPEMEHA  BBINOIHEHHUS

noruueckux onepauuid MJIN, U, HE nan aprymenramu mmHoit B 1 OuT.

OCHOBHBIM HEJJOCTATKOM HCIIOJIB30BAHUS XapaKTEPUCTHIECKUX BEKTOPOB IIPH
MO/JICIUPOBAaHUN HEUCTIPABHOCTEH SBIISETCA KBaJpaTHYHAS 3aBUCHMOCTH pa3Mepa
HCOOXOMUMON MaMATH OT KOJHYECTBA JIMHUA B YCTPOMCTBE. VYiXKe Uit
MoJeupoBaHus cxembl u3 10 Thicsy BeHTWieH, coriacHo (2), HEOOXOIUMO
BeimeuTh 100  wmumwutnoHoB Out. Takoe moTpeOsicHHEe MaMATH — JIEacT
XapaKTEePUCTUUECKHE BEKTOPHI MPAaKTHYECKW HENPHUMEHHMBIMH ISl 00paboTKu
CXEM, MMCIOIIUX COTHU ThICSY M MWUIMOHBI BEHTWIEH. [[pyroil CylieCTBEHHBII
HEIOCTATOK XapaKTEPHCTUYECKUX BEKTOPOB COCTOUT B TOM, YTO 3HAYUTENbHAS
9acTh MaMATH HE MCIOJB3yeTCs] B BBIYMCICHUAX, ITOCKOJBKY MOJII aKTHBHBIX
3JIEMEHTOB B cxeMe peaiko npeBbimaeT 20%.

Ces3ubie crmcku. CBsi3ublii crucok [7 — 10] — cTpykTypa B3aMMOCBSI3aHHBIX
650k0B MH(pOpPMAINH, COAEPKAIIMX XpaHMMBIE 3HAUEHHS M ajgpeca COCEIHHX
6510K0B. {7151 TaKOro MPENCTAaBICHUSI MHOKECTB 00BEM MaMSITH IPOIOPIHOHANICH
KOJINYECTBY 3JIeMEHTOB. OCyIIECTBIATh TEOPETUKO-MHOXKECTBEHHbIE ONEepaluy Ha
OCHOBE CBSI3HBIX CIHCKOB NPAKTUIHO, €CIIM XPAHUTH 3JIEMEHTHI B YIOPSIOUYCHHOM
Buzme. Ilpu aTom He Tpebyercs 3aTpadWBaTh BpeMs Ha IOHCK 3JIEMEHTOB IIPH
CPaBHEHMH JIBYX MHOKECTB.

JUyis BBITIOJTHEHUS OTIepaluil OOBEAUHEHNS C MPUMEHEHHEM YIOPSJ0YSHHBIX
CIIFICKOB HCIIONIB3YETCs CIEAYIOIas Mpoeaypa:

A<B =C;=A;j=j+Li=i+]
Ai>Bt—>Cj=Bt;j=j+1;t=t+l; 3
A=B —>C;=B;j=j+L =i+, t=t+]
rae A, B — omepangsr; C — pesynbrarT; i, j, t — HOMepa TEKyIIUX 3JIEMEHTOB
MHOXecTB A, B u C cooTBETCTBEHHO.

Jis  BBIONHEHWS oOmnepanud OOBEAWHEHHS HEOOXOIMMO CPaBHHUBATh
3JIEMEHTHI CIHUCKOB 4 U B ¢ mociemyrommM MHKPEMEHTOM HMHIAEKCAa B OIEpaHie,
I7Ie TeKyIIMHd JJIEMEHT MEHbINE, CleAyeT 3amuchiBaTh B pesynstar C. Ecmm
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3HAYEHMs DJIEMEHTOB JIBYyX CIIMCKOB PaBHbI, OJMH M3 HUX clienyeT 3anucath B C,
MOCJIE Yero WHKPEMEHTHUPOBATh MHJEKCHI 000MX chHcKoB. [locie BBINMOJIHEHMS
npoueayps! (3) cucok C Takxke OyIeT yHopsa0UYeHHbBIM.

AHanornuHpIM  00pa3oM peanu3yloTcs ornepanuu rnepecedeHus (4) wu
BBIUUTAHUS (5) MHOXKECTB!

A>B >t=t+]
A <B —>i=i+1 (4)
A=B —>C;=B;j=j+Li=i+]t=t+]

A>B —>t=t+1
A =B —i=i+L t=t+] (5)
A<B —»>C;=B;j=j+Li=i+l
IMpouenypsr  (3) —(5)  xapakTepu3yroTcs  JHHEHHOW  CIOXKHOCTBIO
OTHOCHTEJILHO CyMMbI KOJIMYECTBA DJIEMEHTOB OOOUX CIIUCKOB:

0 a0 (M My) = 2- Loy -min- (g, 1)+ tagg - (Mg +1) + 2L - (M + 1),

eArwB (nll ”2) = (z'tcmp +_tasg)'mm (nlr nz)"'tinc ' (nl +hy+min (nl’ nz))i (6)

0a_p(M,Ny) =2-tgmy -min (ng, 1) +tagq -y e (2:1y +1,),

rae Ng,N, — KOJMYECTBO DJIEMECHTOB B ONCpaH/IAX, tcmp — BpEMs CpaBHCHMS JBYX
3JIEMEHTOB, tasg — BpEMs 3allMCH DJIEMEHTA B CBS3HBIX CIMCOK, tj,. — Bpems

MHKpPEMEHTa MH/IEKCa.

bunapubie nepeBbs. bumnaproe nepeBo [5 — 6] — anmkiandeckuii rpad
NPE/CTABICHH OTHOIICHHH MEXIy JJIeMEHTaMH, TJe KaxJas BepLIMHA HUMEeT
OJTHY BXOJSIIYIO U JIBE UCXOJsIue Ayri. [Ipu 5TOM Bec Tekyliei BepIIHHbI BCEra
Gosplie Beca JIEBOTO MPeeMHHMKA M MEHBIIE IpaBoro. J{as Takoro mpeacTaBiICHUS
MHOXXECTB 00bEM MaMATH IPONOPLUHOHATIECH YUCIY DJIEMEHTOB, YTO SKBUBAJICHTHO
CBSI3HBIM CIIMCKaM. bBHHapHOe JepeBO HasblBaeTcs COaJaHCHPOBAHHBIM, €CIH
OpraHM3als ero BepUIMH XapaKTepu3yeTcs NPHOJIM3UTENBHBIM PaBEHCTBOM
o0miero 4mcia JIEBBIX W TpPaBBIX HozzepeBbeB. COanmaHCHMpOBaHHOE OHMHApPHOE
JiepeBo o0ecrednBaeT JOrapu(pPMUIECKYI0 BBIYHUCIUTEIBHYIO CIOKHOCTH IOMCKa
3JIEMEHTA, He 3aBUCSIIYI0 OT pa3Mepa MHOXKECTBA CIIOKHOCTh BCTaBKU 3JIEMEHTA B
HalIeHHOW mo3unuu. B HecOamaHCMPOBAaHHOM COCTOSHHUHM JIEPEBO  IMOWCKA
nepecraer ObITh 3((GEKTUBHBIM, TTOCKOJIBKY ISl ONPEEIICHUsI [TO3UIMN dJIEMEHTa
TpebyeTcs GoJbIee YUCIo Onepannii CpaBHEHUSI.

Xomi-rabnuipl. Xam-rabnuna [7 — 9] — cTpykTypa JaHHBIX A XpaHEHUS
MHOXXECTB B BHJE TaOJMIBI 3JIEMEHTOB, ITO3MLMS KOTOPBIX OINpEIesseTcs Xd3II-
¢yHKIMeH. X3MI-KOAbl MHTEPIPETHPYIOTCS KaK HHJEKCHI SUeeK TaOJMIBI, YTO
MO3BOJISIET OBICTPBIM BBIYMCIICHUEM ONPEACIUTh MECTOIOJIOKEHUE JIIEMEHTA.
Omnepan HOMCKAa W JI0OABJICHUS 3JIEMEHTa B XOUI-TAOJIMILy XapaKTepU3YIOTCS
aMOPTU3UPOBAHHON KOHCTAaHTHOM CIIOXKHOCTBIO [7 — 9]. DTO O3Hayaer, yTo B
0COOBIX CHTyalHUsIX OIepalys MOXKET OKa3aThcs Oojiee oporoi. s Xom-Tadiui
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TaKUMH CUTyallUsSIMU SIBIISIIOTCSI KOJUIM3MM U IOBTOpPHOE Xd3IIHpoBaHue. Jlns
YMEHBILECHU BEPOSTHOCTU BO3HUKHOBEHUS KOJUIM3UHM HEOOXOAUMO yBEIMYUBATH
KOJIMYECTBO S[UEEK, YTO BBI3BIBACT HU3KO IPOU3BOJUTENILHYIO OIEPALHIO
HOBTOPHOI'O XJIIMPOBAaHMSA XPaHHMBIX JJIEMEHTOB. OTO O3Ha4aeT IepecyeT
HHJEKCOB C YU4eTOM HOBOTO pa3Mepa TaOHIbI U Nepepa3MeleHHe 31eMEHTOB.

Peanuzanust  mepecedeHus, OObEAMHEHUS U PA3HOCTH  MHOMKECTB
XapaKTepU3yeTcs aMOPTU3UPOBAHHOM JIMHEMHOM CII0KHOCTBIO:

Oang (N, N2) = Op g (N, Nz) =Ny - 05 (ny) =1y - &7 (const);

(7

+
Opg(Ny,Ny) =1 +n,-65(n)=n; +n, -0 (const),
rae 0% (const) — aMoOpTH3HPOBAHHAS KOHCTAHTHAS CIOKHOCT.

Xour-rabnunbel HaMHOTO 3¢ (eKTHBHEe OMHAPHBIX JEPEBBEB JUISI MHOMKECTB C
OOJIBIIUM KOJIMUECTBOM JJIEMEHTOB, OJIHAKO JJIs OYEHb MaJlbIX MHOXECTB (J0
10 sy1eMEHTOB) XOUI-Ta0JHLBl YCTYNAIOT BCEM JPYTHUM CTPYKTypam JaHHBIX II0
3¢ (HEKTUBHOCTH BBITOJHECHUS ONCPAIHi.

OO0ObeM naMsTH NMpU TPUMEHEHUH XOII-Ta0JIHI 3aBUCUT OT KOJIMYECTBa SUeeK,
KOTOpOE, KaK MHHUMYM, BJBO€ JOJDKHO IPEBBINIATh KOJMYECTBO XPAHUMBIX
9JIEMEHTOB, YTO HEOOXOAMMO Ul OpraHu3aiui dpQGEeKTUBHOTO XAIIMPOBaHHs 0e3
YaCThIX KOJUIM3UH. DTO Ooibllie, YeM IJisi OMHAPHBIX JAEPEBbEB, HO 3HAYMTEIHLHO
MEHBIIIE, YEM JUIS XapaKTEePUCTHYECKUX BEKTOPOB.

Paspadorka 3¢ddexTuBHOl  cTpaTernu  00padOoTKH  MHOXKeCTB
HeHCIpaBHOCTel. VCronb30BaHUE TOJIBKO OJHOM M3 IIEPEUYUCIECHHBIX CTPYKTYD
JaHHBIX [Jid TPEACTaBJICHUA CIIMCKOB I[C(I)CKTOB B JACAYKTUBHOM METOJAC HC
obecrieunBaeT IPOU3BOJUTEIBHOCTH, IPUEMIEMON IJIs1 0OpabOTKH CBEPXOOIIBIIINX
mupoBeIXx  cucteM. Jlna  co3maHMS  OBICTPOJCHCTBYIOLIEH  MPOTPaMMBI
MozenupoBanus npepyaraercs FLP-cTpaTerus BbIYMCICHUN, OCHOBaHHAs Ha ITyJie
cnuckoB Hewcnpasuocteit (fault list pool). Ee cymmbocTs 3akirouyaercs B
LHCHTPAJIM30BAHHOM YIHPABJICHUN IIPOTrpaMMHBIMU O6'I)eKTaMI/I, peaIn3yromumMn
MpEeJCTaBIeHHE CHHCKOB HeWcmpaBHOCTeH. [lynm aBTOMaTHUecKd KOHTPOIHPYET
CO3/1aHHe, XpaHEHHE, BBIJCIICHHE W OCBOOOXKIEHHE OOBEKTOB-CIIMCKOB, a TaKKe
BbIOOp HaunboJjiee MPOU3BOAUTENFHOTO O0BEKTA I KOHKPETHONH MHOXECTBEHHOI
oneparmu. [Ty ciuckoB pyHKIMOHUPYET CICAYIOLMM 00pa3oM:

1. OcCyIecTBIsACT y4eT CO3MAHHBIX, 3AHATBIX U OCBOOOKICHHBIX OOBHEKTOB-
CIIFICKOB, pa3zessis 0OBEKTH 10 IUaa30HaM pa3MepOB MHOXKECTB.

2. Tlepen BBINOJIHEHHMEM MHOXECTBEHHON oOmepanyuy JAeTyKTHBHBIHA
CUMYJISITOP 3ampalimBaeT B IyjJe OOBEKT-CIIMCOK, HamOosiee 3PQPEKTUBHBIA B
paccMaTpUBaEMbIii MOMEHT BPEMEHH.

B 3aBucmMocTH OT pa3MepoB OINEpPaHAOB M BHIOPAHHOW OIEpaIlUH, Iy
OIICHMBAET MAKCHMAJIbHO BO3MOYKHOE KOJMYECTBO JIEMEHTOB PE3yIbTHPYIOIIETO
MHOXECTBA!

Na~g EMIN(NA,NR); Naog SNa+Ng; Napg <Na, (8)
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rae Np, Ng — pa3Mepsl MHOXKECTB ONEPAaHAOB, Na~g, Naog, Napg — Pa3Mepsl
PE3yJIbTAaTOB TIEpPECCUCHNs, 00BEANHEHHUS U PA3HOCTH COOTBETCTBEHHO.

4. Vcxons U3 MOJCUYNTAHHONW OLIEHKH pa3Mepa pe3yabTHPYIOLIEr0 MHOKECTBA
MyJI MIIET MOIXOIAMNH O0OBEKT-CIIUCOK, HCIONb3YysS aJrOPHTM, HMPENCTABICHHbIA
Ha puc 2:

CIHECT BT JIH JaHE & I
COZOAHHEDR OFESET A ~
3TOCD IHATTAsOHAT ZameHCTEOFATE OOBEET

LH&T

I KarDEa MOIMEOCTE MEDEEC TER-1E53TETATA? |

v v .

[ 1-500 | | soo-soo0 | [ =som |
r A v
Hosoe Hosemi Hosam
GEHA FEHOE CEARHELH ‘ XITU-TaSImEIa

nepeEo CITHCOE

Puc. 2. Anroput™ BEIOOpa ONTUMAIBHOTO OOBEKTa-CIICKa

5. BbiOpaHHBI OOBEKT NPENOCTABISACTCS IEAYKTUBHOMY CHMYJISTOPY VIS
BBITIOJTHEHNSI MHOXKECTBEHHOH OTIeparyy.

6. Ecimm pmemyKkTuBHBI cuMymaTOop Oosiee He HyXKIaeTcs B CIIHCKE
HEHCIIPaBHOCTEH, OOBEKT-CIIMCOK BO3BPAINACTCS B IIyJ, ITOCIE YEro OH MOXKET
OBITH ITOBTOPHO MCIOJIB30BAH B JIPYTUX ONEpanusx.

Peanuszanust TeOpeTHKO-MHOKECTBEHHBIX OIEpalliii ¢ NPUMEHEHHEM ITyJa
yCTpaHseT ONMCAHHBIE HEJOCTATKH KIACCHYECKUX CTPYKTYpP JaHHBIX:

1. B cooTBeTcTBHM ¢ MOIIHOCTBIO MHOXECTBA ITyJIOM CO3JalOTCsl Hambolee
MIPOU3BOAUTENbHBIE OOBEKTHl JUIA CIIMCKOB. JTO TIIO3BOJIAET HCIIOJIB30BaTh
CTPYKTYpPBl JaHHBIX IIpH caMOM 3(QEKTUBHOM KOJHMYECTBE 3JIEMEHTOB,
obecrieunBass MaKCHMAaJbHYIO IPOM3BOJUTENHFHOCTh OTHOCHTEIIBHO — JIPYTHX
CTPYKTYP JaHHBIX.

2. IlpenBapurensHOe MPOTHO3UPOBAHHE Pa3sMEPOB MHOXKECTB-PE3yJIbTaTOB
CHIDKAeT BpeMs, 3aTpaunBacMOe Ha PEOPraHU3ALMIO CTPYKTYP AAHHBIX, HOBBIIIAS
ObICTpOICICTBHE BBIMIOIHEHHS ONEpPaINi, a TAKKe CIOCOOCTBYET palMOHAIBHOMY
MOTPEOICHHUIO TAMSITH.

HenocratkoM ~ mpennoKeHHOW — CTpaTeTHM  BBIUUCIEHUHM  ABISETCA
HEBO3MOXHOCTb ~ OJHOBPEMEHHOTO  INPUMEHEHHS  HEYHNOPSAOYEHHBIX U
YIOPSIIOYEHHBIX CTPYKTYP JAHHBIX. B 4acTHOCTH, X3UI-TaOJNWIBI XPaHST CBOM
JJIEMEHTHl B HEMpeJICKa3yeMoM MOpsjKe, a Apyrue — B ymnopsaodeHHoM. Eciu
MHO)KECTBA-OIIEPaH/Ibl YIIOPSA0UCHBI, @ MHOXKECTBO-PE3yJIbTAaT TAKUM CBOHCTBOM
He 001a1aeT, BEIYMCIICHHS HE BBI3BIBAIOT OCJIOKHEHHH. OJHAKO KOTa MHOXKECTBO-
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apryMEHT SIBJISICTCS HEYNOPSJOYEeHHBIM, MHOXXECTBO-PE3yJIbTaT MOXET OBbITh
TOJIBKO HEYIOPSA0UCHHBIM.

IMockonbKy HCIOJIB30BaHKME IIyJla HE JaeT PEe3KHX KoJeOaHWil KoJMdecTBa
XpaHUMBIX DJJIEMCHTOB, OTKPBLIBACTCA BO3MOKHOCTH IMMPUMCHCHUA HpOCTeﬁHJeﬁ
CTPYKTYpBI JaHHBIX — MaccuBa ¢ukcupoBanHoro pasmepa (fixed-size arrays). bes
MyJia ero UCIOJIb30BaHWEe OECCMBICIICHHO, TIOCKOJIBKY pPa3Mepbl MHOXKECTBA MOTYT
3HAYUTCIIbHO U3MCHATHCA B IMPOLECCEC MOACIMPOBAHMS. Hﬂﬂ peajnsan onepaunﬁ
TEOPUHM MHOXKECTB Ha OCHOBE MAaCCHBOB MOXXHO IIPUMEHSATH aITOPUTMBL,
UCIIOJIb3YEeMBIE /IS CBSI3HBIX CITHCKOB.

B omimume OT CBSI3HBIX CIHCKOB, JIOCTOMHCTBOM MAacCHBOB SIBJISIETCS
BO3MO>XKHOCTb 6I)ICTpOFO ﬂOGaBﬂeHHH OIWHOYHBIX DJ3JICMCHTOB, 4YTO CJICAYCT
MPOU3BOJUTH OJJHOBPEMEHHO C MHOXXECTBEHHBIMH ONIEPaLlUsIMU:

1. B kaxmoMm U3 MacCHBOB-ONEPAHIOB IPU MOMOIIM JBOUYHOTO aITOPUTMA
noucka (binary search) [6 — 8] ycTaHOBUTH OKHIAEMYIO MO3HUIMIO BCTaBKU
OJIMTHOYHOTO JIEMEHTA.

2. MaccuBbl-onepanpl TpeOyeTcs: yCIOBHO pa30OWTh Ha JBE 4YacTH — JI0
HaIICHHOM [TO3ULIMY BCTaBKU U IIOCJIE HEE.

3. IIpon3BecTr MHOKECTBEHHYIO OTIEPALIIO HA MEPBBIX YaCTAX ONEPaHJIOB.

4. B xoHell pe3yabTHPYIONIETO MacCuBa J00aBUTh OJMHOYHBIN DJIEMEHT.

5. IIpon3BecTd MHOKECTBEHHYIO OIEPALUIO Ha BTOPBIX YaCTSIX ONEPaHIOB.

Henocratok ucrnonb3oBaHHWsT MacCHMBOB B IyJle — HEBO3MOXXHOCTh HX
3G (PEKTUBHOTO COYETaHUs C JPYIMMH CTPYKTypamMH JaHHBIX. TeM He MeHee,
OBICTpOJICIICTBHE MHOXKECTBEHHBIX OIepanuii ¢ MPUMEHEHHEM MAacCHBOB
S3KBHUBAJCHTHO HauoOoee 6I)ICTpI>IM CBA3HBIM CIHCKaM, a BpeMsA BHECCHUA
OAUHOYHBIX DJICMECHTOB PEBLIMIACT Jaxe X3H.I-Ta6J'II/IL[I)I. ITomumo
MMPpONU3BOAUTECIIBHOCTH, MAaCCHUBBI Tpe6y}0T 1A XpaHCHUA 3HAYUTCIBHO MEHBIINHN
obbeM mnamsatv. Ha puc. 3 mnpuBeneH rpaduk NpPOM3BOAUTENHEHOCTH CHUCTEMBI
JIETyKTHBHOTO MOAETIHPOBAHUS C IPUMEHEHHEM Pas3iIMYHBIX CTpaTeruit 00paboTKu
MHOXECTB.  Pe3ynbraThl  MOATBEPkAAOT  3GGEKTHBHOCTE  pa3pabOTaHHOMN
CTpaTeruu BBIYHCIICHUMN. PeByJ'[bTaTI)I OKCIICPUMEHTOB TIOATBEPXKIAOT
CYIIECTBEHHOE MpPeBOCX0AcTBO (B 3 — 4 pasza) paspaboranHoit FLP-ctparerun
TCOPECTUKO-MHOKECTBECHHBIX BBIYHMCJICHUH T10 CpPaBHCHUIO C HAWJITYUYHIINMHU IIUPOKO
HCIIOJIb3YEMBIMU B ITPOTrPpaMMHUPOBAHNUU TTOAXOJaMU.

BeiBoabl. [lpemnoxxennas FLP-ctpateruss mnporpaMMHON —peanu3anuu
TEOPETHUKO-MHO)KECTBEHHBIX OIEPAIMi TO3BOJIMIA CO31aTh OBICTPOAEHCTBYIONIYIO
CUCTEMY JENyKTUBHOTO MOJAEIMPOBAaHUS HEUCIPABHOCTEH Ui OLIEHKU KadyecTBa
CHUHTE3UPYEMBIX TECTOB.

OCHOBHBIMH HAy4YHbIMM U MpPAKTUYECKUMHU pPE3YyNbTaTaMU HCCIEJOBAHUSL
SBIISIIOTCS:

— OLIEHKa CBOMCTB KIIACCHUYECKHUX CTPYKTyp JMAaHHBIX M peanu3aluu
TEOPETUKO-MHOXKECTBEHHBIX OIEpaluil B LENIX MOAEIUPOBAaHMS HEUCIPaBHOCTEN
CJIOYHBIX IU(POBBIX CHCTEM;
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— BBIOOp CTPYKTYp HaHHBIX /IS BBINOJHEHHS TEOPETUKO-MHOXXECTBEHHBIX
ornepanuii n paspaborka FLP-cTparernn o0pabOTKM MHOXXECTB HEHCHPABHOCTEH,
00ecreynBalOX MaKCUMaJbHYIO TPOU3BOJUTENBLHOCTE TPH MHHHMAJIBHBIX
3aTpaTax namsiTy;

— oObeauHeHne 3(H(PEKTUBHOCTH TEOPETUKO-MHOXKECTBEHHBIX OMEpaLUi Hall
CIIUCKaMU HEUCIIPABHOCTEN C BHECEHUEM B CIIMCOK OJMHOYHOIO JIEMEHTA;

— ObICTposeiiCTBYIOIAsT TPOrpaMMHas peaju3alys JeIyKTHBHOI'O MeETona
MOJICTIMPOBaHUs, TpHeMiieMas Uil OOpaOOTKH COBPEMEHHBIX CBEPXOOJIBIINX
(QPOBBIX CHUCTEM Ha KpHCTaUlaX, HACUUTHIBAIOIINX MHJUIHOHBI JIOTHYECKUX
BEHTUJICH.
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