SuperMario
(pewenne)

Moxe B HAM-OTAMYUTEAHOTO 30 30AQHATA € BXOABT, 3AACAEH Ype3 reHepartop. NMpeanoAaram
HE MHOTO OT YyYEHMUMTE CA CBMKHOAM AQ Ce COABCKBAT C TOAKOBO TOAIM OBEM AQHHM B
OATOPUTMMYHA 304040 (0c0BeHO Ha |OI-NoAOBHO CbCTe3aHME). 30 AQ CE PELLM 30AQ4ATA 3a
100 TO4KM TPABBALLE AQ CE U3MMUCAM MHOTO edDEKTUBEH AATOPUTBM. KOKTO LLLE BUAUTE CAEA
MOAKO, OKO3BA C€, Y& CAMOTO pPeLLEHUE HE € OCODBEHO CAOXKHO. 0 TA3M NPUYMHA 30AQHATA
Belle NPeABMAEHA C MUHUMOAHM PA3AMKKM KOKTO 3 rpyna A, Taka 1 3a rpyna C. PeaaHo 3a
AQ xBaHeTe 100 To4ykM TPsOBA AQ CTE XMTPU, A HE AQ 3HAETE CAOXHU OATOPUTMM UAM
CTPYKTYPU AQHHM.

AKO HE APYTO, 30AQ4YATA MPEAAATALLIE MHOTO HO BPOM Bb3MOXHU MOAXOAM. OCHOBHATA MAES
BelLle eAHd M CbLLUO — AMHOMMYHO OMNTUMMUPOHE — HO COMATA MMIMAEMEHTALLMS MOXELLIE AQ
ObAE MHOTO PAa3AM4HA. TOBA, KOETO TPAOBALLE AQ 300EAEXMM, € Y€ OT BCAKA KAETKA
(CbCTOSHME) OMTUMAAHMAT OTTOBOP AO KPAS HO AbCKATA HE 30BUCHK OT MPEAXOAHUTE ABMXKEHMS
— HE30BMCMMO KAK CME CTUTHOAM AO TEKYLLLATA KAETKQ, OT TyK HATATbK OTFOBOPbLT (30
TEKYLLLATA KAETKA) € EAHO3HAYHO OMPEAEAEH.

HOM-NpoCTUST BOPUAHT B1 PELLMA 30AQ4YATA OKO OrpaHmyeHmneto Ha N Belue Ao okoao 5000.
MAEATa € AQ NMOA3BAME EAHOMEPHA AMHAMMYHA TABAMLA dyn[N], KATO 3Q BCIKO CbCTOIHME
npoBGBame BCIKO OT K-T€ Bb3MOXHU MPOABAXKEHUS M M3BMPAME TOBA OT TIX, KOETO BOAM AO
HOM-AODBP OTrOBOP. HULLLO CAOXHO B TO3M BAPMAHT — HAMBAHO CTOHAQPTHO €AHOMEPHO
AMHAMMYHO. To, oBaye, 3a ChXXAAeHMe € CbC CAOXHOCT O(N*K) 1 61 XBOHAA €ABO OKOAO 35
TOYKM B rpyna A 1 50 To4km B rpyna C.

N TpUTE APYIM PELLEHMS, KOUTO LLE MOKAXEM HATATLK, MMMAEMEHTUPAT TAOKA HApevyeHaTa
"ONTMMM3ALMA HA BbTPELLHUS LMKbA". TOBA € MOAXOA B AMHOMMYHOTO OMNTMMMUPAOHE (A U He
COMO), MPU KOMUTO AMHEMHA 4ACT OT AATOPUTBMA CE CBEXAOQ AO AOTAPUTMMYHA MAM AOPU
KOHCTQHTA TOKABA, MOA3BAMKM ARYT AATOPUTBM MAM CTRYKTYPO ACHHM.

Heka 3ambABOME AMHOMMYHATO TABAMLA OT30A HaMpeA (toecT oT kaetkata N-1 kbm 0).
OTroBOpPbT 30 MOCAEAHUTE K KAETKM € CTOMHOCTTA HO CAOMATA KAETKA, TbM KATO OT BCIKA OT
TE3M KAETKM MOXEM AQ CKOYMM HAMPABO M3BbH AbCKATA. 30 KAETKATA B MHAEKC N-K Beye He
MOXEM AQ HAMPABUM TOBA, KATO MMAME MU30OP M3MEXAY cAaeaBamte K KAETKM.
3abenexeTe, e KOATO M OT Tax AQ m3bepem, oTroBopbT € Cnk + dynli] (3a kaetka i > N-K).
AOTMYHO €, TOraBa, AQ m3bepem Ta3n CTOMHOCT OT AMHOMMYHATA TABAMLA (OT cAeaBamTe K
MO3MLMM), KOSITO € HAM-MAAKQA. 10 AQHOAOTMHYEH HAYMH MOXEM AQ BUAMM, 4E€ TOBA € BAPHO He
CAMO 30 KAETKATA C MHAEKC N-K, aMM 30 BCHUYKM KAETKM C MHAEKCH < N-K.

TOraBa 30LLLO HE MOA3BAME HAKOS CTPYKTYPA AQHHM, KOSTO MO3BOASIBA OBbP3O HOMMPAHE HA
HOM-MOAKMA €AEMEHT? Bb3MOXHU KaHAMAOTM ca STL-ckute set mam priority_queue, kKaTto
BTOPOTO € Cb3AGAEHO WMMEHHO 30 TOBA. B HALLETO BTOPO pPELLUEHME LLLEe TMOA3BAME
priority_queue, Tb KATO MMA KOHCTOHTEH AOCTbM AO HAM-MOAKME EAEMEHT (A U KATO LJAO Ce
ABPXM MNO-Obp30 OT sef). B npuopuUTeTHOTaO ONALLKA LLEe BKAPBAME ABOWKM OT TUMA
(MMHMMOAHO_LLEHO_AO_KPQAS, MHAEKC). MHAEKCHT HM € Hy>XXEH 30 AQ 3HOEM AOAM MOXEM AQ
AOCTUTHEM AO KAETKATA C ACOAEHATA MMHMMOAHA LLEHA. B MOMEHTQ, B KOMTO TA3M KAETKQ
CTAOHE HEAOCTMXMMA 9 MAXAME OT MNPUOPUTETHATA OMALLKA (TbM KATO OBXOXAOME



MHAEKCUTE B HOMOASABALLL PEA, TO 3HOEM, Y& HMKOIa MOBEYE HAMA AQ MOXEM AQ "CKOYMM"
TAM). TOECT QATOPUTBMDBT € CAEAHMS:
1. Bkapsame nocaeaHuTte K KAETKM B MPUOPUTETHATA Oonawlka Kato aomku (Ci, i), 3a
BCaKO i = N-K+1 ... N.
2. 3aBcakoiorN-K a0 1:
a. Npemaxsame KAETKUTE (KO MMA TOKMBA) OT BbPXA HO MPUOPUTETHATA ONALLIKQ,
30 KOMTO MHAEKCHT € NO-ToAdM OT i + K.
b. CAeA U3MbAHEHMETO HA Q) HA BbPXA HA MNPUOPUTETHATA OMALLIKO € AOCTMXMMA
KAETKO C MUHUMOAHAO LeHd. ONTMMAAHATA LLEHA 30 TEKYLLLATA KAETKA € dyn|[i] =
priority_queue.top().first + Ci (TOeCT LeHATa HA TEKYLLATA KAETKA + LLEeHATa 33
AOCTUTAHE AO KPQOS OT HOM-U3FOAHOTO AOCTUXKMMO MPOABAXKEHME).
3. M3Bupame 1 BpbLLOME HOMU-HUCKATA LLeHA mamexay MHaekcute 1 ... K (Tax moxem A
AOCTUTHEM "BE3NAATHO" C MbPBMA CKOK).

ToBO pelUeHWe e OrPOMHO MOAODPEHME CNPSIMO MPEAXOAHOTO. HeroBata CAOXHOCTE
O(N*logN) u Beye e cbpLuM padoTta 3a N < 10,000,000. O4akBaLLE CE TO AQ B3EME OKOAO
60 To4km B rpyna A m 80 B rpyna C.

MpobAeM MPU TOPHOTO PELLIEHUE €, YE HAMA KAK MO AECEH HAYMH AQ ABPXMM CAMO K KAETKM
B MPMOPMUTETHATA ONMALLKA. AKO Abpxmm O(N) aBomkm ot Tmn (long long, int) nameTra (8 rpyna
A) ObpP30 LLLE CBbPLLUM. PEAAHO PELLIEHMETO MOXE U A HE yCree AQ XBAOHE NPEABUAEHUTE 30
Hero 60 TOYKM, MAKAP M AQ € AOCTATBYHO ObP30, Thbt KATO HOAXBbPAM MO3BOAEHATA MY MAMET.

TOBO MOXEM AQ MOAODPUMM, KATO 3A0EAEXMM, Y€ PEAAHO MOXEM AQ MOA3ZBAME U APYTA
CTPYKTYPO AQHHU, KOATO AQ MAMA CXOAHWM CBOMCTBA, HO MbK MO3BOASBA A€CHOTO MPEMAXBAHE
HO eAeMEHT. EAMH BAPUMAHT € BeYe CroMeHaTtms setf, HO HEroBata KOHCTAHTA € AOCTATbYHO
BMCOKQ AQ HE BOAM AO FTOAIMO MOAODPEHME. APYTr BAPUAHT € NPOCT BAPUAHT HAO MHAEKCHO
ABPBO 30 MMHUMYM (RMQ). B Hero moxem aa nasmm K cToMHocTH, Kato RMQ-TO AQ BPBLLLO
MUHUMOAHATA OT TaX. 3aBeAexeTe, Y& AOXKE B CAYHOS HE € HYXKHO AQ UMIMAEMEHTUPOME
query() — BUHArM nutame 3a *LeAns* MHTEPBAA, KOMTO MOXEM ACQ B3EMEM KOHCTAHTHO. TaKa
HY>XHOTA HWM MAMET 3a AMHAMMYHATA "Tabamua’ e O(K), Kato UIAOTO pelleHue CTaBA
O(N*logK]. Taka 6uxme B3eAnm OKOAO 75 Toukm B rpyna A m 90 B rpyna C. Mpum no-aobpa
MMNAemeHTaums (break-saHe Ha uMkbAa B update()-a HO RMQ-TO) moxem Aa AoKkapame
TO4YKMTE AO 85 B A.

M cera — wwok. PewueHmneto 3a 100 TOYKM € MO-MPOCTO KATO MMMAEMEHTALMA U CTRYKTYPMU
AQHHM OT TOBA C MPUOPUTETHA OMALLKA M TOBA C MHAEKCHO AbPBO. TO MOA3BA ABYCTPAHHG
onawka (deque B STL) 1 noctura O(N) no speme 1 O(K) no NnameTt 3a AMHOMMHYHATA TABAMLLA.
PeaAHO TO € MOAMAPUKALMS HA PELLEHMETO C NPUMOPUTETHA OMALLKA, KOTO CE& Bb3MOA3BA OT
CTPYKTYPQTA HA OTrOBOPMUTE.

30 HEro e pAasrAeAaME NPUMEPA OT YCAOBMETO: (2, 3, 6, 1, 2, 7) 1 K = 2 1 pellueHneTo C
NPUOPUTETHATA OMALLIKA.

MbpBO CME BKAPAPTAM MOCAEAHUTE K €AeMEHTA KATO ABOMKMTE (7, 6) 1 (2, 5) - ueHa 7 ot
KAETKA C MHAEKC 6 U LLeHA 2 OT KAETKA C MHAEKC 5. Cera pasrAexaome nosmumsa 4 (C YMcAo
1). BUXME AU CKOYMAM HA KAETKA 6 (CbC CTOMHOCT 7), MPU NOAOXKEHME, Y& MMAME NO-BAM3KA
KAETKA C MO-MOAKQO CTOMHOCT AO Kpag? Hel 3auio Torasa HW TpabBa M300LLO AQ MNA3MM
ABOMKATA (7, 6)2 EMM HE HM TPIOBA — MOXEM 1 AQ HE 9 NA3nM. CAEA KOTO OBPABOTUM KAETKO



4, 30 Hed BKApBAMeE ABOMKATA (3, 4) (LeHa 3 = 1 + 2, MIHAEKC 4). BUXMme AU CKOYMAM HO KAETKA
5 (CbC CTOMHOCT 2)2 Bce oLle AQ, Tbi KATO LEHATA € MO-MOAKA OT LLeHATA HA TeKyLLaTa
KAeTKa (C ueHa 3). OT KAeTKA C MHAEKC 3 (M LeHa ) OTTOBOPDLT € 8, MMEHHO MMHABAMKM MNPe3
BbMPOCHATA KAETKA. OT MHAEKC 3 BKAPBAME B MPUOPUTETHATA OMALLKA ABOMKATA (8, 6). Ot
KAETKOTA C MHAEKC 2 (U CTOMHOCT 3) BEYE HE MOXEM AQ AOCTUTHEM AO (2, 5), 3aT0BO TPAGBA
AQ 9 MPEMOXHEM OT MPUOPUTETHATA ONALLKA. MMMame 1360p ACAM AQ UaEM AO (8, 3) uan (3,
4). O4EBUAHO BUXME U3BPAAM BTOPUS BAPUAHT, KOTO OTTOBOPDBT 30 TEKYLLLATA KAETKA CTABA (6,
2) (6 = 3 30 TeKyLLATA KAETKA + 3 A0 KPQS, MMHOBAMKM Npe3 MHAEKC 4). MO AM CMUCBA AQ
nasmm (8, 3), Npu NoAoxeHue, 4e mumame (6, 2)¢ OTHOBO He — OTTOBOPbLT € MO-TOAIM, A
MHAEKCHT € MO-AOAEYEH — CAEAOBATEAHO KAETKATA € HEeHy>XXHQA. NOCAEAHO, 3a KAeTKATa C
mHAaekC 1 Beyve (3, 4) e TBbpAE AGAEYHA, CbOTBETHO HE 9 PA3FAEXAAME M OCTABA EAMHCTBEHO
(6, 2). CA€AOBATEAHO OTTOBOPBT 3a MHAEKC 1 € (7, 1).

Ot1 nbpeute K kaetkn mmame (7, 1) m (6, 2). N3BUpame no-MAAKUS OTTOBOP, KOUTO € U
OMTUMOAHMUSIT OTTOBOP.

KakBo Hampasmxme?2 Bceku MbT, KOrato M3YMCAMM HOBA KAETKA OT AMHAMMYHATA TABAMLA
(DEAAHO AMHOMMYHATA OMALLKA), MPEMAXBAME BCUYKM Bb3MOXHM MPOABAXKEHMUS, KOUTO
HMKOTA He Bmxme B3eAU. TOBO MOXE AECHO AQ CE€ MMMAEMEHTMPA C ABYCTPOHHO OMALLKA
(deque). EAemeHTMTE B ONALLKATA LLe ObAAT COPTUPAHM MO LLEeHA B HOPACTBALL, PEA U
MHAEKC B HOMUOAABALLL (HOM-OTAPEA HO ONALLUKATA CA EAEMEHTUTE C HOM-HUCKA LLEHA, HO MbK
HOM-AQAEYEH MHAEKC, AOKATO HOM-OT30A CA T€3M C HAM-OAM3BK MHAEKC, HO MOTEHLMAAHO MNO-
BMCOKA LeHa). CAeA KATO CME U3YUCAMAM CTOMHOCTTA 30 AQAEHA KAETKA 4 AODaBIME HOM-
OT30A B OMALLKATA, KATO MNPEeAM TOBA MPEMOXBAME OT KPAd M BCUYKM C MO-TOAIMA LLEHQA.
KakTo Kaszoxme, B HOYOAOTO HA OMNALLKATA CA HAW-U3TOAHUTE (OTKbM LLEHA) KAETKM, HO PAHO
MAW KbCHO T€ CTOBAT TBBPAE AGAEYHM U1 TPFAOBA AQ TM MPEMAXHEM (AOKATO CTUTHEM AO KAETKA
HQ PA3CTOAHME MO-MAAKO MAM PABHO Ha K).

Bcgka KAETKa BAM3A M M3AM3A TOYHO MO BEAHBXK OT onawkatra (koeto crtasa ¢ O(1)).
HoMUPAHETO HO HOM-U3FOAHOTO MPOAbAXEHME € Cbllo O(1) (MpOoCTO B3EeMaMme MbpBaATA
KAETKA B OMALLKATA). Hewlo noseye, Mo BCIKO BPEME B OMALLKATA MNA3MM HAM-MHOTO K
EAEMEHTA — B MOMEHTA, B KOMTO ACAEHO MPOABAXEHME CTAHE TBbPAE AJAEY TO
npoemaxeame. Taka obuiatra caoxHocT ctaBa O(N) mo Bpeme u O(K) no namet (3a
AMHAOMMYHATA "TaBAMLA"). TOBAO € MHOro MpPOCT BAPUAHT HA OMTMMM3ALMA HA BbTRELLIHMS
LLMKbA C M3MbKHAACQ OOBMBKA — PEAAHO CTOMHOCTUTE, KOUTO MA3MM B ABYCTPOHHATA OMNALLKG
Ca "M3MbKHAAU" — YBEAMHABAT CE NO €EAHATA KOOPAMHATA M HOMOASBAT MO APYTraTA.

Hy>XHOTG MAMET 3a MPEAAOXKEHUTE PELLEHMS € TBbPAE MHOTO 3A rPyna A — COMO MACMKBBLT C
enemMeHTuTe Bm 3aeA OkoAOo 200 merabamta, npu orpaHuyYeHme ot 64. Tam TpadBa Ad
HAMPOBUM AOMBAHUTEAHO (OTHOCUTEAHO MPOCTOTO) HABAIDAEHME: 3AAQHATA € CUMETPMUYHA.
B AM MMOAO PA3AMKA B OTTOBOPA, OKO TPBLIBAXME OT AICHO HA HAM-ASICHOTA KAETKA M
MCKOXME AQ CTUTHEM MpPeAr HAM-A9BATA? CbC CUINYPHOCT MOXEM AQ MOCTUTHEM CbLLMS
OTFOBOP — MPOCTO KATO CTbMBAME HA KAETKMUTE, KOMTO CME M3BPAAM BbB BAPMAHTA OT ASBO
HOAACHO. C MOAOBHAO AOTKMKA MOXEM AQ BUAMM, Y€ TOBA € M OMTUMOAHMAT OTTOBOP — QKO
MMALLIE MO-A0DBP, TO BUXME MOTAM AQ MOA3BAME HETOBMUTE KAETKM 30 BAPUMAHTA OT ASBO
HOASCHO. NMOA3BAMKM TOBA, MOXEM AQ TEHEPUMPAME YUCAATA EAHO MO €AHO M AQ ABPXMM
CAOMO MpeaxoaHuTe K KAETKM OT AMHAOMMYHATA TABAMLA (MOxXe ©6um BM € HAMPABUAO
BNEYATAEHME, Y& OrpaHmyeHneTo 3a K Gelue 3HOYMTEAHO MO-MAAKO OT N). Taka HyXHaTa
NAMeT 3a ugAoTo pelueHne ctasa O(K) sBmecto O(N).



MNocAeAHO, HE BMBA AQ 3ABPABIME HOACTHUA CAY4AM, B KOMTO K > N 1, CbOTBETHO, OTTOBOPBT €
0, O CbLLO TAKA M Y€ OTTOBOPDLT B HAM-AOLLME CAy4am € N * 1000000007, KOETO 3HAYMTEAHO
HOAXBBPAS Bb3MOXHOCTMUTE HA int (ToecT TpabBa AQ MOA3BAME long long 30 CTOMHOCTUTE HA
AMHAMMYHATA TABAMLA).

ABTOP: AAEKCAHABLP eoprmes



