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3apada A. KcoHa Ta onimniaga
ABTOp Ta po3podbnuk: CearociaaB Biazinas
OckisbKH 0/THA TPYyTIa 3aBXK/IH 3aX0/IUTH B 0 CEKYH/LY, & Ja/li KOyKHI W CeKYH/T, IOKH Yac He 3aKiHIUTHCSI.
Heckutaziao nomitur, 1o Beboro 3aiine |¢/w|+ 1 rpyn. TyT cumBosiamu |2 | 103HaYE€HO OKPYIJIEHHS] BHU3
— HaROI/IbINe IiJIe YMCJIO MEHIe piBHE 3a x. Y KOXKHIi I'DYIl MakKCUMyM m JIOJeil, a BChOro JIOIeHl n
(GisbIrte 3a 1€ YKCIIO JIHOjeil 3aliTH IPOCTO HE MOXKe), 3BIJIKH OTPUMYEMO HPsiMy (DOPMYJTy JIjIsl BiJIIOBI/I
— min(n,m - ([t/w]| +1)).

3apava B. KcoHsi Ta andhaBiTHe Koo

AsBtop Ta pospobuuk: CearociaB Binasziias

Cupobyemo obmexkutu JoBKuHY Bimmosimi. Ockiibku B aHDIiicbKoMy aJjidasiti 26 OykB, TO Bijio-
BiZb He Moke OyTH JOBIIOIO 3a 26. 3HaWIEMO I KOXKHOIO MOYKJIMBOIO ITOYATKY JOBXKHUHY HAilIOBIIOIO
aadaBiTHOTO PsijiKa, SIKA 3 HbOI'O MOYUHAETHCI. BubepeMo MakcuMmaibHIN. Yepe3 oOMeKeHHsT JTOBXKUHU
Bi/IIIOBi Il Mu He Oy/eMo 1epeBipsaTH KOXKHUIT pa3 Oijbiie 3a 26 CUMBOJIIB, OTKe PillleHHs [paiIlioe 3a 26 - n.

st cuiportieHHsT peaJtizaliii, MOXKHa, 3aHyMepyBaTu Kojo Bijg 0 10 n — — — 1, ToAi HacTynHU# iHIeKC
micast ingekcey ¢ e (i + 1) mod n, ne * mod y — 3aJUIIOK BiJ JIIEHHS YUCIA T HA THCIIO Y.

3apayva C. KcoHsa Ta gBokonbopoBa dirypa

ABtop Ta pospobuuk: CearocinaB Binziias

Croygarky 3HaiiIeMO, KOJIM BiIIIOBiII HEMAE.

[Topaxyemo naitbinbury miomnty Girypu, B skiit £ 90pHUX KJIITHHOK. Bymemo dapbyBaru Hamry dirypy.
Ha nepromy kporti 3adgapbyemo 0y/ib-siKy YOpHY KJITHUHKY B *KOBTHIi KOJIID, a BCixX 11 cyciin(6iil KiiTun-
ku) B cuniit. Ha koxxuHOMY HacTymmomy kouii Oymemo dapbyBaTu Oy/1b-sKy IOPHY KJITHHKY, sIK& CYCLITHs
3 CHHBOIO B >KOBTHii, 1 Bcix 1T cycimiB B cuniii. Tax, piBHO 3a x KpOKiB Mu po3dapbyeMo Bcio pirypy
(60 wopHUX KIITHHOK piBHO x). Ha mepmomy kosi mu dbapbyemMo MakCuMyM 5 KJITHHOK, Ha KOXKHOMY
HACTYIHOMY - MakcuMyM 110 4. Tomy, MakcumasibHa mwiornia Takol ¢irypu - 4z + 1.

Axmo 4 - min(w,b) + 1 < w + b Biguosiai Hemae. [Hakie, MOKazkeMO OJIHY 3 KOHCTDPYKIIIi, SIK MOXKHA
Jocsrta Oymab-skol Bimmoizi. Bes obmerkenust 3aranbHOCTI, Hexailt w < b. Posrtamyemo 61 KJIITHHKE B
psiz, depe3 oxny. Mik HuMmu nocrasumo wopHi kiitumaku. (Ile moxkimeo, 60 w < b). Mdasi, Bcl wopsi
KJITHHKH, 10 3aJUMIUINCA MOXKHA JIONATUA JI0 Oy/ib-siKOl BiJIbHOI YOPHOI K/ITHHKHU 3BEpXY, 3HU3Y, a00
300Ky. O4eBUIHO, IO TakKa (pirypa Jocsarae HoTpiOHOI IO 1 MOoAiOHE PIIlleHHsT HECK/IAIHO Peali3yeETh .

TyT 306parkenuit Bapiaut koHCTpyKIiil. 2KoBTrM BinMideni miciist, Kyau MOYXKHA, 1OJABATH TOPHI KJII THHKHA.

3apava D. KcoHsa Ta rpad

ABTop Ta po3pobuuk: Carocias Bigzinsa

MoxkHa HaOpaTn YacTKOBI OaJim po3B’si3KaMu 3a JgormoMoroo aaropurmi elikerpu ta Droiiga, ski
IIYKAOTh JlaMeTp B JOBIIbHOMY rpadi.

[Mlo6 orpumary BuI Gaju 3HaAMIEMO ocobymBicTh rpady 3 ymoBu. Ockinbku rpad 3 n — 1 pebpom
YTBOPIOE JiepeBo, TO rpad 3 n pebep yTBOPIOE JEPEBO 3 OJHUM IMKJIOM. ByjieMo posrisigatu rpad, sdx
IIUKJI 1 KOPEHeBi JiepeBa, 3 KOPEHsSIMU B BepinumHax nukjay. asai € mBa pisaux Bumajiku, jie MOxKe OyTu
ngiamerp. A6o miaMerp HbOro rpada 3HaXOAUTHCS B OJHOMY 3 JepeB, abo MPOXOIUTh Yepe3 IUKJI.

J1J1st TIEpITIOro BUNAIKY HECKJIAHO CKOPUCTATUCH OYIb-sIKUM BiJJOMUM aJITOPUTMOM IIOIMIYKY JliaMeTpa
B JIepeBi Ta Jisi KOXKHOTO JiepeBa 3HaiTh giamerp cymapHo 3a O(n).
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st Ipyroro BUIIAJIKY BasKJIMBO 3PO3YMITH, 110 AKIIO JiaMeTP IPOXOIUTH Yepe3 JBi BEPIIUHU KLY
(Ha3BeMO X u 1 ), TO Ta YACTHHA JIlAMETPa, KA 3HAXOJIUThCS B JIEPEBAX 3 IMMU KOPEHSIMHU JOXOIUTH 110
Hairubmoro jgucra B TakoMy jsepesi. Jlificno, skOn BOHA JOXOJHU/IA HE JI0 HANTVIHOIIOrO JIMCTA, MOXKHA
Oys10 6 JIETKO MTOKPAIIUTH BiJIIIOBI b, MMIIOBIIHU BiJ BEPIIMHA JI0 HANTJIMOIIONO JIUCTA.

3HaiiIeMo J1J1s1 KOXKHOT BEPIINHY IIUKJLY TIHONHY Haiiblibimoro jucTa B 11 gepesi (3a gonomoromwo dfs-y).
Hassemo 1ie amnciio jyist i-1 Bepriman h;. Hazsemo BijcranHIO MiXK JiBOMa BepinuHamu B 1K/ dist(x,y)
HaHKOPOTIIYy BificTaHb 110 pebpax MuKJy MixK Bepminanamu x i y. Temep 3ajada 3Besacd 10 MaKCHAMIi3aril
ha + hy + dist(z,y) mo ycim x, y Ha IUKJI.

Ak edexrusno nopaxysaru dist(xr,y)? I[leperymepyemo Bepmuau 1mukiy Big 1 0 m. Sanumemo Bci
Baru pebep UK/ B MacuB w, Tak MO Bara pebpa 3 BEePIIMHA 4 UKy B HACTYIIHy 3alucaHa B w;. Hexait
Yoiw; = S. Toxi mopaxyemo Biacranb, sikOu Mu Huwm 1o oamifi croponi nukiy f(i,7) = Zi;ﬁ Wy
B immowmy Bumagaky, Mum #ijeMo 1O iHIIH CTOPOHI MUKJY, TOMY BHKOPHCTOBYEMO BCi immii pebpa. Tomy

Bske 3apas 3a/ady MOJKHa PO3B’sI3aTH Ha BUCOKMIT 6ast 3a O(n?), paxyioun myKaHy BeJTMIIHY 10 BCiM
BEPIITMHAM ITUKJTY.

Iyt oTpUMAaHHS IOBHOTO 0ajly MOXKHA TOMITHTH, IO npu GikcoBaHOMY ¢ icHye Take Kk, IO
npu Beix Bepmmuax j Bin i go k f(i,j) < S — f(i,j), a mpm Bcix BepmmHAxX j Bl k 70 @
fi,7) >= S — f(i,7). Inmumu coosamu, yHKis MoHOTOHHA. JlJjist BCIX BepIIMH 3 1epInol Ipynu Bij-
craub popisuioe f(Z,7) = pj—1 — pi—1(fKio BBecTH MacuB p - npediKCHUX CyM MaCHBY W), a JAiaMeTp Ha
TaKHX BEPIIMHAX 3BOMUTECS 10 Min(hy + hy + py—1 — pa—1) = min((hy — pr — 1) + (hy + py—1)). Ilpn
dikcoBaHOMY X TaKWii MiHIMYM I10 BCIX j MOXKHA JIETKO 3HAWTHU 3a JIOMOMOTOI0 PI3HUX CTPYKTYP JaHUX -
JiepeBa BIAPI3KiB, MITPUMYOUN MHOXKUHY yCix KaHauaaTie i T.j. CyMa Jijist Ipyrol TPy BEPIIUH CX0XKa
i miaTpuMyeThes anajoriauo. s momyky onTuMa/ibHOro k MOXKHA BUKOPHUCTOBYBATH OiHAPHHUI IOIMIYK,
abo MATPpUMYBaTH k METOIOM IBOX BKAa3IBHHUKIB.

[Tpu BuxkopucramHi cetis abo JiepeBa BiAPI3KiB 3’ABSIETHCS T0IATKOBHIT lorapudMidauit (haxTop, TOMY
acumnrornka pimenus O(nlogn).

3apgayva E. KcoHsi Ta gepeBo

AsBtop Ta pospobuuk: CearociaaB Bingzias

Cupobyemo po3B’sgzaru 3a1a4y, sIKIIO B HAC BXKEe MHOXKMHA, Yuces S 3 mijiepesa i HaM HoTpiOHO 3HATH
k-e Tmcito 3 MHOXKUHU BCiX MOKIMBIX XOR-CyM M IMHOXKITH.

Y BHUIIQJIKY, SKIO BCI YUC/Ia € CTENEeHIO JIBIHKN MOXKHA IOMITUTH, IO SIKIO YUCTIO € B HAOOpi, TO MU
MOXKeMO abo 1oJaTh HOoro y BimmoBiab, abo Hi. Tak MOoXKHA 3poOUTH 3 KOXKHUM OiTOM, TOMY BCBHOTO Oy/ie
B muoxkuni 215 quce. [TobynyBaru k-e 4mc/io MOXKHA KaJIi0HO - OyAeMO WTH 3 HaMOLIBIINX YHCET 10
HafiMeHIuX. SIKIo MM MOXKeMO He CTaBUTH siKuiich 6iT (ducest 3 1M GiTOM He BCTAHOBJIEHHM > k), TO
Mu He OyzieMo itoro craBuTu. [HaKIe, moctaBuMo 1eil 6iT i 3MeHImmMMO k Ha KiJIbKICTh YHCe)I, B IKUX Ieil
6iT HE BCTAHOBJICHUI.

st po3B’si3aHHs 33/1a4i B 3araJibHOMY BUIVISI] MOTPIOHO PO3IVISHYTH YHUCJIA, K HAOIP BEKTODPIB Ha/I
mojieM Zs. Tosi, Xor JIBOX YHCeN - 16 JOJ@BaHHs IIUX BEeKTOPIB. ToMy, I 3HAXO?KEHHST BCIX MOYKJIMBHUX
XOT-1B I IMHOYKHUH, MOXKHa IT0OY/1yBaTH 6a3UC BEKTOPIB, K1 IIPEICTABIIAIOTH YUCIa 3 MHOXKHUHEI S 1 10110H0
JI0 pillleHHsT B MHUHYJOMY IIYHKTI »KaJ1i0HO BCTaHOBIOBaTH OiTM Bim Oinbioro mo menrioro. Ilobymosa
Gasmcy Moxke Gyrm peamizosana 3a O(log® A)(Moke 6yTH HpHIIBHAITEHO B 32 a3y BHKOPHCTOBYIOUI
6iToBi omepariii Ha YKciIax), a MONIYK A-ro ejeMeHTy B 1mobyaoBanomy 6asuci - 3a O(logA).

Tenep, osepueMocs 0 opuriHabHOI 3aa4i. s neprmx Tphox mifrpyn OyJ1o JOCTaTHBO 3HANTH
BCIO MHOXKWHY YHCEJ IIOIIYKOM BIVIMOWHY, & JIajii BAKOPUCTATH PO3B’sI30K 3 MEPIol YaCTHHHU.

Buiok 1 Byap-siknii nosruii nepebip 3a O((n + ¢)2"™) npoxoaus neit 6J10K.

Buok 2-3 BJiok npoxoauBest SIKINO mepepaxoByBaTu 6a3ucy jijist Beix BepiuH 3a O(n), abo 3HAXOAUTH
KOXKHUIT pa3 3aHOBO.

Buiok 4 Moxkna peastizyBaTu 3a/1a4dy JJjis MHOXKWHE YUCE], 8 He JI€PEBa.

Buooxk 5 dAkmo B miarpymni Hemae 3anuTiB Ha 3MiHY 4YHCIa, TO MOXKEMO IepeapaxyBaTu Bci 6a3ucu
JUIE KOYKHOI BEpIINHU JiepeBa - 0a3uc BEPIIUHU Iie MpocTo basuc umcesn 3 6azucis 11 giteit. lle moxna
nopaxysaru 3a O(nlog? A), a nani signosinarn 3a samutu 3a O(log A).
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Busok 6 Biiok BupintyBaBcs mpocTimuM BapiaHTOM 6a3uCy, JOCTATHLO OyJIO MEpPeBipUTH HASIBHICTH
noTpibnoro 6iTa B mignepesi.

Buok 7 YV zaragbHOMYy BHIMAQJIKY, MOXKEMO 3BepHyTHCH 10 TexHiku EitnepoBoro obxomay mepesa. Ilo-
Oyayemo 3a KitjgepoBum 06x010M JiepeBa JIepeBo BiIpIi3KiB, Jie B KOXKHiil Beprmmai Oyje 30epiratucs XOR
Gazuc 11 migsiapizka. /Ias mMepmka aBOX BEPIIUH J0/aMO BEKTOPU OmHOrO Oasucy B immmumii. Ilimmepeso
KOXKHOI BEpIUHN Temep Oy/ie MiicHuM BiapizkoM Ha EitmepoBomy 00xomi, a oT:Ke 3amuT Oasucy Ha M-
JepeBl 3BOJIUTHCS /10 OJIHOTO 3aIUTY JO JIepeBa BiJIPI3KiB, a 3alUT 3MIiHU YUCJIA - JIO OJUHUYIHOI 3aMiHU
B ZepeBi Binmpi3kiB. Peasizaliss Takoro mepeBa BiIpi3KiB Iparlioe 3a O(log2 Alogn) Ha 3amuT, TOMYy BCe
pimenns nparoe 3a O((n + q) log? Alogn).
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