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AnHOTanus

B paunnoit pabore upuBogurcs aaropurM juis peinenus 3agauu Circuit SAT, Bpemst paboThl KOTOPOIo
cocraBiser O(2°49%8™) re m — KOIMUECTBO reHTOB BO BXOTHOM CXeMe.
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1 Bsenenue

Bajaua o BbinosHUMOCTH OysieBoil cxembl B mosiHOM GunapHom 6asuce (Circuit SAT), Hapsiay ¢ ee 4aCTHBIM
cilydaeM — 3ajadeil 0 BbIIOJIHUMOCTU (POPMYJIbI B KOHbIOHKTUBHOI HOpMasbholl dopme (SAT), apisercs
onHOM m3 Hambosiee PYHIAMEHTAIBHBIX 33734 TeopeTndeckoil nadopmaruku. Ho eciin Ha BpeMsi perreHust
Pa3IMYHBIX pasHOBHIHOCTEN 3amaun SAT GbUIO JOKA3aHO GOJNBINTOE KOIMYECTBO BEPXHUX OIEHOK (cM. [2]),
TO HU OJHON HETPUBHAJILHOU BepxHeil oneHKY Ha Bpems perenns: Circuit SAT , HACKOJIBKO U3BECTHO aBTOPY,
JIO CHX TIOp He JIOKA3aHo. |

Onpenenum  Circuit SAT 6Gonee dopmanbho. bByaesa cxema 1peacTaByisier co0Of KOHEYHBIH
OPUEHTUPOBAHHDBINA AIUKIMIECKU rpad ¢ BepUIMHAMHU, MMEOIUMEU BXOJLIlyi0 cremnedb 0 wim 2 u
€INHCTBEHHON BepIMHBI ucxosiei crernern (. BepmuHbr, nMmerommue BXOAANIIYIO cTenenb 0, COOTBETCTBYIOT
HepeMeHHbIM {Z1, ..., Ty} U HA3BIBAIOTCA 6x0damu. Kaskias W3 BEpIINH C BXOJSAIIEH CTEMEHBIO 2 OMEeYeHa
HEKOTOPO# OymeBoi pyHKIHEH IByX MEPEMEHHBIX W HA3bIBAETCA 2etimom. BepIinHa ¢ UCXOIIeil CTemeHbio
0 coorBercrByer 664200y cxeMmbl. Pazmepom cremv, HA3bIBAETC YUCJIO TEATOB, U3 KOTOPBIX OHA COCTOUT (B
nanbueiiniem Oynem obosnadars ero vyepe3 m). Cxema Ha3bIBACTCH GHINOAHUMOU, €CJU CylIecTByeT HabOp
3HAYEHMH TEPEMEHHBIX, Ha KOTOPOM 3HaueHWe Ha BhIXoZe cxeMbl Oymer 1. Pemurs 3amauy Circuit SAT —
3HAYUT OTBETUTH HA BOIMPOC, SABJISIETCS JIX JAHHAS CXE€Ma, BHITIOJTHUMOIA.

OueBujHasg OLEHKA Ha BpEMs peElIeHWs [OCTABJIEHHON 3aJadu  cocrasiger (C TOYHOCTHIO [0
HOJIMHOMMAJILHOrO COMHOXKUTENs) 2™, rue n — uucyo BxouoB. Tak xke, Kak u gjs 3amadu SAT, 104x010B K
LOJIyYEeHHMIO BEPXHUX OLEHOK BuJa ¢ (¢ < 2) B obuwiem ciyudae HeussectHo. OHAKO, €Ciid Pa3sMep CXeMbl
HEBEJINK OTHOCUTEHHO KOJMYECTBA BXOIHBIX TEPEMEHHBIX, TO B 3TOM CJIy4ae WHTEPEC MPEACTABIISIOT U
OIIEHKM BHUIA €', TIe M — KOJUIeCTBO refiToB. MBI JOKaskeM TaKy0 OIEHKY MOCPEICTBOM TPEIbIBICHUS
PeKYPCHBHOTO aJIrOPUTMa, BpeMs paboThl KoToporo coctapaser O (20-4058m)

OueBuHO, 4TO CymecTByeT 2¢ pasIMYHLIX THUIOB GUHAPHBIX CBSA30K:

® /IBe KOHCTAHTHBIE (DYHKIUU U UETHIPE (DYHKINHU, 3aBUCSINNE TOJBKO OT ONHOI M3 MEPEMEHHBIX, MbI
OyIeM Ha3bIBATh BHIPOXKICHHBIMU;

e sBocemb byukuuit Busa ((x D a) A (yd b)) @ ¢, rae a,b, ¢ € {0,1}, nazosem pynkuusavMu A-Tuna;
e aBe byukuuu Buga Gy P a, rae a € {0,1}, Gyuem HazbiBaTh QyHKIUAMU B-THIIA.

OcHOBHOE pa3uyue MOCTAETHUX JABYX TUMOB (DYHKIINN 3aKIIOYAETCS B TOM, YTO (DYHKITHIO A-THIIa, BCETIA
MOYKHO C/IeJIaTh KOHCTAHTHO(, MPUCBOUB KOHCTAHTHOE 3HAYEHHE JIIO0OMY €€ BXOAy (HAlpuMep, MOICTABUB
@ Ha BXOJE &, HA BBIXOJAE refiTa MbI IMOJYyYNM KOHCTAHTY C; B TAKOM CJIy9ae MbI TOBOPUM, YTO TE€UT CTaJ
TPUBHAJILHBIM), & [Jid DYHKIMUI B-TUIIA 9TO HEBO3MOXKHO.

Ha pucynkax @& u A o603Ha4YAOT JIOOYIO CBA3KY U3 COOTBETCTBYIOIIErO KJIACCA.

Bynem nazbiBarh re#T, MOMEUEHHBIH KOCTAHTHON (DYHKIINEH, KOHCMAHMHbIM 2€TMOM.

IIpenmoxenne 1. /10601 zetim, 8b4UCAANOUWUT DLPOHCOEHHYIN PYHKUUIO, MONHCETM, OB YOAAEH U3 CTEMbL
(uckarouenue COCMABAAEM AUWD KOCMAHMHBLY 2€TMm, eCAL OH ABAAEMCA BLLTOJOM CTEMDBL, HO IMOM CAYAT
6 daavnetiwem 6ydem ywmen omoeavho).

Zoxazameavcmeo. VI3 coobpazkenuii ymoOCTBa BBEAEM HOBYIO (DUKTHBHYIO MEPEMEHHYIO 2, KOTOPYIO B
JasbHeiem Oy1eM UCIoIb30BaTh B KA9€CTBE HE3HAYNMOIO BXO/A /IS TEATOB, MOMEYEHHBIX BHIPOXK IEHHBIMA
GYHKIIASAMHA.

Yrobbl yraauTh U3 CXeMbl KOHCTAHTHBIN TeidT B, He SBIMONIUICH BBIXOIOM CXEMbI, HY?KHO 3aMEHHUTH
GYHKIINY, BHIYACIASEMbIE B €r0 MMOTOMKAX, ‘TIOAXOMSIIUMA BBIPOXKICHHBIMU (DYHKIUAME. Lermepb MOXKHO
yIaauTh refiT B, COeIUHUB MpU 3TOM (DUKTUBHYIO TEPEMEHHYIO Z CO BCEMH €r0 TTOTOMKAMH.

Temeps paccMOTpUM TeHTHI, TOMEYEHHBbIE (DYHKIMAMY, 3ABUCAIIUMY JIUIIb OT OJHOW MEPEMEHHOI.
HazoBem cywecmeennovim npedkom TaKoro reiita Ty BEPIINHY CXEMbI, OT KOTOPO 3aBUCHT BBIYHCJISIEMOE B

1Korga aBrop 3akanumBas paboTy Haj CTaTheil, B YACTHOM IEPENICKe eMy CTAJI0 H3BECTHO O HegapHel myGamkamuu Calabro,
Impagliazzo and Paturi [1]. B cBoeil cTaThbe aBTOPBI IPUBOIAT BEPOATHOCTHBIH aJropuT™, KOTOPBIH pemaetr 3anady Circuit SAT
Iy cxeM rrybussl d oT n nepemenHex u He Gosee cn AND/OR/NOT reiiToB nmpom3sonbHOR Bxogameil crenenu. Bpems ero
—2 d—2_

—1 1g3*2 2 C)

d
paboOThI OrPAHUYEHO BEJIMIUHON 2<1*5)", rae 6 > 1/O(c2 , a moctosiHHasi B O 3aBUCUT TOJBKO OT d.



JaHHOM refiTe 3HadeHue. JJomycTum, HHTepecy I0Iuil Hac TeHT He SBIASIeTCs BBIXOJ0M cXeMbl. TOrIa Mbl MOYXKEM
YIAJIUTH TOT TeHT, COEJUHUB €r0 CYIECTBEHHOTO MPEKA CO BCEMH €r0 HEOCPEICTBEHHBIMU TOTOMKAMHE, [TPU
HEeoOX0MMOCTH LOMEH:AB DyHKIMK (MOXKET 1OTpeboBaThCs “BHECTH B HUX OTPULAHUE), BbIUUC/ISIOUIMECH B
mocienaux. Temnepb MPenmoIOKUM, YTO Mbl UMEEM JEJI0 C BBIXOAOM cxeMbl. OD03HAYNM €ro CyIeCTBEHHOTO
npenka 4depe3 (G. YgajanMm Bce refiThbl CXeMbI, B KOTOpbIe ecTh yTh u3 (G, mocie [ero cieigaeM G HOBBIM
BBIXOJIOM cxeMbl. Ilpu 3arom, eciiu Bepruaa (G COOTBETCTBYET BXOJHON MEPEMEHHON, TO MOJyYeHHAS CXEMa
TaK¥XKe, KaK ¥ UCXOHAsI, sIBJISIETCs] BBIOTHUMOM, a eciu GG sBJsieTcs: TeATOM, TO HaM, BO3MOXKHO, TPUIETCS
HOMeHsATb (DYHKIMIO, BbIYUC/AEMYIO B HeM (KaK U B LIPEJbLIAYLIEM CJlydae, MOXKeT 1norpeboBarbcs “BHecTn”
OTpHWIIAHNE). O

Has cxembr C' 1 ee repemenHoii ¢ Mbl uepe3 Clz = al, a € {0, 1}, Gyaem o6o3HaYATH CXEMY, TTOIYIEHHYIO
HOJICTAHOBKOIM KOHCTAHTHOIO TeiiTa, COOTBETCTBYIOIIErO ¢, Ha MECTO mepeMeHHol = B cxemy C.

Tenepn HedbOpMAIHHO ONUIIEM HAIl aJTOPUTM, TOAPOOHO U3JIOKEHHBIH B CJIEAYIOIEM Da3ele.

JIaHHBIA AJTOPUTM HMEET MHOTO OOIIEr0 ¢ TUINHYHBIMH PACIIEIIAIONUMA AJTOPHTMAMYI  PEHICHHS
sagaun SAT (cm. [2], [3]), a Takxke ucnonb3yer TexHuKy P-lieneii, Buepsble Hpeiokennyoo IlosoM s
JIOKA3ATeIbCTBA, HIZKHUX OLEHOK CXEMHOH CJIOKHOCTH HEKOTOPbIX OyseBbix dynkuuii (cm. [6]).

o Ilosyuus Ha Bxozm OysieBy cxeMy, ajrOpuTM B IIEPBYIO OY€PE/b YIIPOIIAET ee, n30aBiisdich OT refToB, He
YYACTBYIOIINX B BBIYUCIEHUSX, U TEATOB, BHIYUC/ISIONINX BHIPOXK IEHHBIE (DYHKITHH.

e Ecau orBer He ObLT HaiifeH yKe Ha TAle YIPOIIEHUs, aJrOPUTM MbITAETCS HANTH TEPEMEHHYIO, TO
KOTODOI#i 6110 ObI “BBINOIHO” PACIIEIIATHCA (31€Ch “BBIrOA” ONPEENAeTCs KOJIUIECTBOM IeiiTOB, OT
KOTOPBIX HAM YJIAJIOCh Obl M30ABUTHCS TPHU TOJACTAHOBKE KOHKDPETHBIX 3HAYEHUI BMECTO BHIODAHHON
[ePEMEHHOI ).

Ecan Takyio mepeMeHHYIO yIaeTcd HalTH, TO TPOUCXOIIT PEKYPCUBHBIE BHI30BBI AJITOPUTMA, HA CXEMaX,
MTOJTy I€HHBIX TTOJCTAaHOBKOM KOHKPETHBIX 3HAMEHNI HAa MeCTO 3TOi mepemenHoit. Ilocie dero aaropurm
BO3BPAIAET AUIBIOHKIIUIO PE3yJIbTATOB 3TUX BHI30BOB. ECin moOmxomsineil mepeMeHHOW HaldTh He
y/1aJ10Ch, TO AJTOPUTM IEPECTPAUBAET CXEMY TaKUM 0OPa30M, 4TOOBI B HOBOI CxeMe Takas [epeMeHHas
rapaHTHPOBAHO HATIACH ObI, TOCJIE Yero MOBTOPSIETCS TTOMCK TTePEMEHHO 71T PACIIETJIEHNs, a 3aTeM
" PEKYDPCHBHBIE BBI30BBI QJITOPUTMA.

2 Aaropurm

Anropurm CIRCUIT SAT
Bxox: cxema C.
Boixon: True, ecniu cxema BoinostauMa, u False B mpoTtuBHOM cirydae.

1: Return SpLIT(REDUCE(C)).

Dyuknusa SPLIT
Bxon: cxema C, nonydennas B pesysibrare paborbl dpyHKImE REDUCE.
Boixoa: True, eciin cxema BoimosinuMa, u False B mporusaOM city4ae.

1: Ecnm Boixon cxembl C' IB/IST€TCS KOHCTAHTHBIM T€HTOM, TO BEPHYTh €r0 3HAUEHUE.
2: BriOpaTh mepeMeHHYIO T, YIOBIETBOPSIONLYI0 OJHOMY W3 CJIEIVIONINX YCJIOBUMA:

® ce NCXONAIas CTeNeHb He MEHbITE TPEX;
® ce MCXONAIAs CTENEeHb — ABA, TPU 3TOM OHA UMeeT MOTOMKA A-THUIa.

3ameuanmne. O TOM, 9TO Takas nmepemeHHas Oyaer Haiimena, 3aborurcs dyukiys REDUCE.
3: Return SPLIT(REDUCE(C[z = 0])) V SPLIT(REDUCE(C[z = 1]))



ITepen onucanuem ¢byukuuu REDUCE(C) mazum cieiyioiiee OnpPeAeseHre, KOTOPOe ObLIO BIEPBbHIE
Beezeno ITosiom [6]. s reiita Gy cxembl C' MbI FOBOpUM, 4TO cyuiecTByeT B-yens aumbbl k B Go Torna u
TOJIBKO TOI'/IA, KOrja ecrb k reiiros Gi,..., G B C rakux, 4ro

1. s 1 <i <k, G; sBasiercst TefToM B-TULIA;
2. s 1 <i <k, G; aBiisiercs eIuHCTBeHHbIM 10TOMKOM G 1;

3. B Gj wer &-uenu, 1o ectb G b0 ABJIETCS BBIXOAOM CXEMbI, MO0 UMEET MCXOJMAILYI0 CTEleHb He
MeHee ueM 2, MO0 ero eIUHCTBEHHBINH MOTOMOK ABJISIETCS TeiiTOM A-THTIA.

®yunknus REDUCE
Bxox: cxema C.
Beixon: cxema C’, koropas:

® BJISIETCS BBIIIOJHUMOU B TOM M TOJBKO B TOM ClIydae, Korjga cxema C BLIIIOTHEMA,

® AB/IAETCA KOHCTAHTHBIM MEHTOM WM CONEPKHUT MEPEMEHHYIO, YIOBIETBOPSAIOILYO YCIOBHIO U3 BTOPOTO
miara gynkuuu SPLIT(C);

e mmeer pa3mep He Hosbine, gem pasdmep C.

HTar 1. IToka Boixom C He sABsgeTcs KOHCTAHTHBIM reifitom, uw B C' ecTb reifT, COOTBETCTBYIOIIHIt
BBIPO2KIEHHON (DYHKITMH, UCKJIOYATDH U3 CXEMbI 3TOT I'eiT.

ITar 2. ITocregoBaTeIbHO YAATUTH U3 CXEMbBI BCE TEHTHI, HE ABIAIONINECST BBIXOJOM CXEMbI U WMEIOIINe
UCXOIATIYI0 cTeneHb (.

HTar 3. Eciu Bexox C' ecTh KOHCTAHTHBIN TEAT, TO BEPHYTH CXEMY, COCTOAIIYIO TOJIBKO u3 Hero. Kcim
BbIx0Z, C' COOTBETCTBYET BXOJAIIEH MEPEMEHHON , TO BEPHYTh KOHCTaHTHBIN reiiTr True.

HTar 4. Eciu 8 C' ectb niepeMeHHast HCXOgIIEH crenenn Gosibiie IByX, T0 BepHyTh C.

HTar 5. Ecau B C ecrb niepemennast MCXOSAIIEH CTEIEHU JIBA, UMEIONAs IIOTOMKA A-TUIA, TO BEPHYTH
C.

HTar 6. Eciiz 8 C' ecTh mepeMeHHAasi T UCXOIAINEH CTEMEHU Ba, TO 00a €€ MOTOMKA — IedThI (B-THUIIA.
O6oznaunm ux gepe3 Py u Ry, nocie gero paccmorpum @-tienut Py, ..., P, u Ry, ..., R,, HaunHaonmecd B
Py u Ry coorBercTBeHHO (B CIIydae, €y COOTBETCTBYOMIME D-IIEIH MYCThl, P U T MOT'YT OKA3aThCs PABHBIMU
HYJIIO).

BoamoxkHBI ABA Cywas:

e Caywuait 1. Muoxecrsa reiitos Py, Pi,...,P, u Ry, Ry,..., R, He UMeIOT OOIINX 3T€MEHTOB (CM.
puc.la). Tak xak B C' HeT IUKJIOB, TO MLl MOXKEM CUHTATh, ITO B cxeMe HeT myTu u3 R, B P, (B
OPOTHBHOM CJlydae Iepeobo3HauuM M-remnu). B 9T0M NpeanoioKeHnu MOKazKeM, 4T0 U3 & HeT IyTH
B L; (0 <1 < p). HeiicrBuTensHo, myTh u3 & B L; mosmken 6ol Obi1 mpoiitu depe3 R, unn P,, 4To B
HepBOM Caydae Ipuseso Obl K HAMHIUIO IyTu u3 [2. B P,, a BO BTOpOM — K CyUIeCTBOBAHHUIO IUKIA B
cXeme.

ITokaxxem, uTo refiT P, He ABndeTca BBIXOAOM cxeMbl. IIpeamomoxknm, 9T0 3TO He Tak, HO TOTAA, B
cumy oTcyTcTBud nyTd m3 R, B P,, B cxXeMe IOMIKEH CyNIecTBOBaTh reffiT mcxomameil crenenn 0, He
ABJIAIOIIMICH BbIXOJAOM cxembl. Ha 1mmare 2 Bce takue reiiTbl ObLiIM MCKJIIOYEHBI U3 CXEMbl, & 3HAYUT,
MBI TIPUATILIN K TTPOTUBOPEYUIO.

Wrak, mubo reiiT P, mMeeT HCXOAANIYIO CTeleHb He MeHee deM 2, 0O €ro eJMHCTBEHHBIH HOTOMOK
apigercd refirom A-runa. Obo3nadum 3nadenue Bbixoja refiva P, yepes y. Torna

y=2@Lo@L1®---PL,Pa, (1)

rae o pasuo 0 miam 1 B 3aBHCHMOCTH OT TOrO, Kakue (yHKIUH B-THUNA HAXOAATCA B refiTax G-Iell.
aBeHcTBo (1) paBHOCUIIbHO
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Puc. 1: Cayuait Hemepecekaommxcs G-1emeii.

r=yOLo®L1®---DL,Da. (2)

Tak kak x He BXomuT B L;, TO mpaBas 4YacTb paBeHCTBa (2) He 3aBUCUT OT . DTO HO3BOJISIET
Ipeodbpa30BaTh CXEMy CIIEAYIOIIM 00pa30M:

1. 3aMeHHUTD [IEpEMEHHYIO ¥ Ha HEePeMeHHYI0 Yy (JesaeM TOT IIar HIPOCTO Y4TOObI COOTBETCTBOBATD
Hawum 0603HAYEHUSM ).

2. Y6pars Bce pebGpa, BEIXOAANINE U3 reiita F,, a TakzKe peOpo MeXIy TepeMeHHo# y U refitom Ry
(cm. puc.16).

CoennmHnTh Y CO BceMM refiTaMy, B KOTOPbIe paHbITe Ben pebpa u3 reiita F,.

4. Coemunurs reiir P, c reiirom Ry (cm. puc.16).

Tenepn ocraercs BepHYTb HOJYYUBILYIOCS CXeMy B Kadecrse pesyibrara ¢dyuxiuu REDUCE(C), rak
KaK OHa YIOBJIETBOPSiET BCeM TpeboBannsaM Ha cxemy () 3asgBIEHHBIM B HAYaJe OMMCAHUSA (DYHKIUH
REDUCE. Ee pasmep me Gosbme pasmepa ucxomuoit cxembr C, C’ poimomamMa, Toabko ecau C
BBIIIOJIHUMA, ¥ COJEPKUT IIEPEMEHHYIO Y WCXOJIIeil CTeleHN He MeHbIe 2, Koropas Jubo umeer
HOTOMKA A-THIIa, Jub0 ee MCXOAdIas crenedb 6osbiie 2 (MOCKOIbKY Jub0 MCXOsIas CTelneHb refira
P,, 6b11a He MeHblre 2, 1160 €ro eIUHCTBEHHDIN IOTOMOK OBLI TeHTOM A-THIIA).

e Cuaywuaii 2. P, coBuanaer ¢ R, upu Hekoropbix 0 < k <pu 0 <m <r (cMm. puc.2a).

B sToM ciyuae 3HaueHMe HA BLIXOJE refita Py paBHO
TQrOLy® - DL 1 T @ BTl 1 @a=Lo®--- QL1 0T ®--- @ Tp—1 Da,

rae a paBao 0 mwam 1 B 3aBHCHMOCTH OT TOrO, Kaknue (PYHKIINK (D-THIA HAXOIITCHI B reifrax M-1emneit.
Takum o0pazom 3nadenue Ha Bbixoge reifita P, (a Bmecre ¢ num u 3nHadenue Bbixopa cxembl C)
HE 3aBUCHUT OT 3HAYEHWS MMEPEMEHHOW T. DTO JAET HAM BO3MOKHOCTH 3aMEHHUTH PACCMATPUBAEMYIO
MO/ICXEMY CXeMOi, Beraucasaomeit Lo @ - - @ L1 Ty @ --- ® Tin—1 @ a, KoTopas Oymer comepkarh
1o Kpaiineil Mepe Ha 1 reifT MeHbIe ucxomHoi (cM. puc.26). Bepuyrbes na mar 1.

ITar 7. 3aMeHuTb NPOU3BOJIbHBINA TeifiT BepxHero yposHs cxembl C' (reiiT, B KOTOPBI BXOAAT JIMIIb
[epeMeHHbIE) HA HOBYIO BXOAHYIO llepeMeHHyio. BepuyThcs Ha mar 1.

HeiictBuTesbHO, Pa3 MbL JOIIIU /10 3TOrO IIara, 3HAYUT B CXEMe He OCTAJIOCh IIePEMEHHbIX, MMEOIIUX
UCXOIAIIYI0 CTemeHb Oosibitie 1. Bmecre ¢ 3TuM 3aMeHsieMbIii TeHT He KOHCTAHTHBIN, Tak KakK BCE
BBIPOXKJICHHBIE TeHThl M3 HAIEdl CXeMbl ObLIH WMCKIOYEHbl HA mare 1 (K MOABJIEHUIO B CXEME HOBBIX
BBIPOXKIEHHBIX TE€HTOB MOI MPUBECTH TOJIBKO JIHUIIL Imare 6, HO MOCJe HEero MbI OO BBIXOAUM U3
dynkuumu, b0 BHOBL BO3BpaliaeMcs Ha mar 1). 3HaYuT ONUCAHHOE BbIlle NPeOOPA30BAHUE HE MOBJIUAET
Ha BBIIOJHUMOCTD CXeMbl, YMEHBIIIUB [IPDU 3TOM €€ pa3Mep.
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Puc. 2: Cayuait mepecekaronmxcs G-1emneii.

3 Bepxuaga onenka

IIpoBeseM aHau3 NPUBEEHHOTO BBIIIE AJTOPUTMA.

Buagasne cxema C' pasmepa m unepejaercs #a Bxojx (dyHkiuu REDUCE, B KOTOPO#l IPOUCXOAUT €e
yopoienue. flcHo, aTo Bpems pabors hyHKIur REDUCE OIIEHUBAETCS HEKOTOPBIM MOJUHOMOM OT 171 CTouT
OTMETHTH, UTO B pe3ysibTare padorsl byHKkInr REDUCE B cxeMe He O0CTaeTCs 3aBeJoMO “0ecroie3Hbx’ refiToB
(reiiToB ucxopsieii crenenu 0, He ABAMIOMMXCH BbIx00M ). Ecaiu B mpomecce Bbinosinenus Gyukimu REDUCE
ycranaBauBaercs hakT BbIIOJIHUMOCTH / HEBBIIOJHUMOCTH CXEMbI, TO Mbl CUTHAJIU3UPYEM 00 9TOM, BO3BPAILAs
TPUBUAJILHYIO CXEMY U3 OJHOIO KOHCTAHTHOIO IefiTa, COOTBETCTBYIOIIEr0 OTBETY JIa/Her.

[Monyuennas B pesynbrare paborhl (yHKIMH REDUCE cxema mepemaercs B (yHKIUO SPLIT, T1€
MPOUCXOIUT CBEIEHUE 3aJa4d K AHAJOTMYHONW 3amadue Ijs ABYX Oojee “mpocThix”’ cxeM. A WMEHHO:
MIPETIOIOKIM, 9TO HAMH JJIs “‘paciienyieHns’ BbIOpaHa mepeMeHHast r. MbI COCTaB/IsSIeM IBE HOBBIE CXEMBI:
Clz = 0] u Clx = 1], pekypcuBHO BbI3biBaeM Ha Hux Hail ajaropurm (dyHkuuu REDUCE u SPLIT) u
BO3BPAIAEM U3 BIOHKIUIO PE3yabTaToB. [Ipyu mOJCTaHOBKE HA MECTO IEPEMEHHOM T KOHCTAHTHOIO TeifTa,
pa3mMep CXembl YBeJIUYIMBaeTCs Ha 1, C APyroi CTOPOHBI Ha TePBOM ke mmare ¢Gpyaknun REDUCE sTor refr
OyIeT MCKJIIOYEH W3 CXEMbI, TIOITOMY JAJIee CIUTACTCS, ITO ITOT IefiT MPOCTO HE YIUTHIBAETCS TIPU MOACIETE
pa3Mepa CXeMbl.

Eciu ucxopgmas cremnenb mepeMeHHo# x GOJbIe ABYX, TO MOMXKHO yTBEPXKJIATh, UTO TMEPE] KaXKIbIM
U3 PEKyPCHUBHBIX BbI30BOB (yHKuuu SPLIT, Ha nepsoM ke mare paborbl ¢dyukiuu REDUCE(Clx = al)
(a € {0,1}), 6o pasmep COOTBETCTBYIOMIEl CXeMbI yMEHBIIUTCS XOTs Obl HA TPH, JIMOO €€ BBIXOJ OKAZKETC S
KOHCTQHTHBIM T€HTOM.

Tenepsr paccMoTpuM Caydail, KOraa UCXOASAINAsS CTENEeHb T PABHA, ABYM, IIPU 3TOM OJWH U3 €€ TOTOMKOB
— refiT A-Tuna, a apyroii — refir G-runa (obo3nauum ux A u O coorsercTBeHHO). I3 TOro, UTO MCXOAMAIIAL
CTElleHb & PaBHA JBYM, CJE/LyeT, 4TO HA HepBOM ke Inare paborbl (yHkimu REDUCE(C[z = a]), smbo
pa3Mep COOTBETCTBYIOIIEH CXEeMbl YMEHBIIUTCH XOTs Obl HA JBa, JUOO €€ BBIXOJ OKAXKETCS KOHCTAHTHBIM
refitoMm. YToObI TOOUTHCS JIyUITeil OIEHKH, TPUIETCS Pa300paTh HECKOJIBKO CIIyYaeB.

Cayuaait 1. leiir O He gBJIsIeTCsT HEMTOCPEICTBEHHBIM ITOTOMKOM TeiTa A.

Cayuaii 1.1. Tefit A He sgBjsieTcsl BBIXOJOM cXeMbl. 11o/CcTaB/isisi BMECTO TEPEMEHHON X KOHCTAHTY,
JIeJIaroNIy o refitr A TpuBHaIbHBIM, Mbl H30aBJIsI€MCs [I0 MEHbIIell Mepe OT TPex refdToB.

Ciayuait 1.2. Tleiitr A saBiasercsa BbIXoaOM cxeMbl. IlojcraBiisiss BMECTO IIEPEMEHHON T KOHCTAaHTY,
JISJIATONLYT0 TelT A TPUBUAJIBLHBIM, Mbl TAKXKE OJIHO3HAYHO OLPEIEJIsieM BbIXOJ CXEMbl.

Curyuaaii 2. Teiit O gBisgeTcs HENOCPEICTBEHHBIM NOTOMKOM reiita A (cM.puc.3).

Cuayqair 2.1. Teitt O me siBisieTcs BBIXOAOM cxeMbl. 1loncTaBiisisi BMECTO MEPEMEHHOI & KOHCTAHTY,



Puc. 3:

JIETATONTY 0 TefiT A TPUBHAIBHBIM, MBI TAKKE OHO3HATHO OIpeieiseM Bhixol reiita O v BHOBb n36ABIAEMCS
IO MEHbIIIE! Mepe OT TpexX I'edToB.

Cayuaii 2.2. Teiit O sapBistercs BBIXOHOM cxembl. [lOACTaB/IsIsT BMECTO TIEPEMEHHON T KOHCTAHTY,
JIeJTAloNIy0 refit A TpuBMAIBHBIM, MBI TaKKe OIHO3HAYHO OMpeesieM BbIxoZ reiita (O, a BMeCTe ¢ HUM
" BBIXOJT CXEMBI.

B kaxka0M #3 OMHCAHHBIX CJIyYaeB IIPHU IOJACTAHOBKE HEKOTOPOH KOHCTAHTHI JIMOO pa3Mep CXeMbl
YMEHBIIAETCSA IO KpaiHeil Mepe Ha TPH, JTHOO CXeMa CTAHOBUTCS TPUBHAJIHHOM.

Teopema 3.1. Bpemsa pabomw. npusedenioz0 arzopumma ozparuiero ceepry eesununoti O(20-4058m)

m — pasmep 8TodHOT crembt.

, ade

JHoxazameavcmeo. O6o3na4dum depe3 f(m) MaKCUMaJIbHOE CPEJM BCEX CXeM Pa3Mepa 11 KOJIMYEeCTBO JIMCTHEB
B JIepeBe PEKYPCUBHBIX BHI30BOB OMUCAHHOTO AJITOPUTMA.
[IpuBenennbie BoIIe COOOPAKEHUST TTPUBOIAT HAC K CJIEIVIONIEMY PEKYPPEHTHOMY COOTHOIIEHUIO:

f(m) < f(m—=2)+ f(m=3), (3)

o m > 3.

Yrobbl ouenurb f(m), BOCIHOIb3yeMCs CTaHJAPTHON Jyisd HONOOHBIX 33Ja4 TEXHUKOMN, IIPeIIoxkKeHHOl
Kynanuamnom m Jlykxaparom (cm. [5], [4]). CocraBum ypaBHeHme, COOTBETCTBYIOIIEE PEKYDPPEHTHOMY
COOTHOIEHNO (3):

12* + 1/t =1<=2> -z —-1=0. 4)

Ero eqmHCTBeHHBI BelecTBeHHBIH Kopenb T ~ 1.32472. Yreepxaaercs (coorBercTyiommii GakT JoKa3aH
B [4]), 4ro TOrIA
f(m) < poly(m)r™ < O(29-40%8m),

Tak KaK MbI WMEEM €10 C ABOUYHBIM JIE€PEBOM, TO KOJHWYECTBO BCEX €r0 BEPIINUH HE MPEBOCXOIUT
2f(m). HerpysHo NOHATH, 4TO BpeMs, IIPOBEJIEHHOE B KAXKJOH M3 BEPIIMH JIEPEBA BbI30BOB, TAKXKe KaK
u BpeMms paborsl pyukimu REDUCE, OneHnBaeTcss HEKOTOPBIM IMOJIMHOMOM OT M. Bce BMecTe nmpuBoguT HAC
K 3asdBJIEHHOI BepxHeil OIeHKe. O

baaromapaocTu

Aprop 6GrarogapuT CBOEro HaydHOro pykKoBomuTess dayapaa Anekceesmda [wmpiia, obparusiiero ero
BHUMAaHME Ha PacCMarpuBaeMylo B pabore 3auady, a Takxke Asiekcaniapa Kynukosa u Kpuca Kanabpo 3a
WX IIEHHBIE 3aMEYAHUSI.
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