2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

Conep>kanue

Must have 2
3apgava 7TA. YMHoxeHue mHoro4qseHos [0.4 sec, 256 mb] 2
3apava 7B. [enexune mHoro4neros [0.4 sec, 256 mb] 3
Ob6sa3areabHbIEe 3aJa49n 4
3apaya 7C. YmHoxeHue 4ucen [1 sec, 256 mb] 4
3apava 7D. Paspgsoenue [1.2 sec, 256 mb] 5
3apava 7E. [yanb [1 sec, 256 mb] 6
HormosiHuTeIbHbIE 33291 7
3apava 7F. OnuHublii Hanbonbimnii obwmii aenutens [6 sec, 256 mb] 7
3apayva 7G. YMHoxeHue veTtbipex yucen [1 sec, 256 mb] 8
3apava 7H. VYpasHeHue [6 sec, 256 mb] 9
3apava 71. ABJ1-gepesbs [0.4 sec, 256 mb] 10
3apava 7J. OHK poboTtos [1 sec, 256 mb] 11

Bl He yMeeTe unTaTh/BBIBOIUTE JIAHHBIE, OTKPBIBATH (ailabl? Bocmob3yiitecs nprnvepami.
B HekoTOpBIX 3aja4uax OOJIBINONI BBOJ U BIBOJL. [l0/Ib3y#iTeCh OLICTPHIM BBOJIOM-BLIBOJIOM.

B mekoTopbix 3amadax mHyzked STL, KOTopblit aKTHBHO UCHOJIB3YeT JUHAMAIECKYTO MAMSITh (Set-b,
map-bl) II€PEOIIPE/ICJICHIEe CTAHIAPTHOIO AJIJIOKATOPA YCKOPUT BAIILY MPOIPAMMY.

O6parure BHNMaHKe Ha KOMIIITop GNU C++11 5.1.0 (TDM-GCC-64) inc, KOTOPBIi IIO3BOJISET
I0JIB30BATHCS JIOTTOJTHUTETLHOM Onbmorekoit. ITox HUM MOXKHO CIaTh BOT 3TO.

Crpatnuya 1 3 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

Must have

3apava 7TA. YmHoxeHue mHoro4neHos [0.4 sec, 256 mb]

Manst muorowtenst P(x) u Q(x), naitnure P(2)Q(z). Q(x) = 2% — 1.
Y P(x) Bce koaddunmenTsl — cirydaiinpie mesbie duciaa or 0 g0 m — 1.
Bce BBIMUCIEHUA TPOUCXOJAT 110 MOJLYIIIO M, m — 1pocToe oT 2 j1o 107 + 7.

dopmaT BXOAHbIX AAHHbIX

[TepBast CTPOKa COJAEPKUT IIEIbIe ducaa n, k, m.
Cresytommast CTpOKa COAEPIKUT M 9UCET Po, P1, - - - » Pn1, P(T) = > piz’.

dopmaT BbIXOAHbIX AaHHbIX

BoeiBeure n + k 1iesbrx unces ot 0 g0 m — 1: by, by, ..., byyk—1,
takue, uto P(2)Q(z) = > bz’ mod m.
n, k < 10°.
Mpumepsbl
stdin stdout
4 17 6 6 66 4
1234
3ameuaHune

[Ipenenbuo mpocrad 3aja4a.

Crpatnuya 2 ns 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

3apava 7B. [enexue mHoro4neHos [0.4 sec, 256 mb]

Hanbr muorounensr P(x) u Q(x), Haiiure rakue A(z) u R(x), uro P(z) = A(z)Q(z) + R(x)
u degR < degQ. Q(x) = 2F — 1. Y P(x) Bce xosddurmentsr — ciydaiinble ne/ble quciaa ot 0 10
m — 1. Bce BBIMHCIERNs MTPOUCXOAAT TI0 MO0 M, m — mpocToe oT 2 10 107 + 7.
dopmaT BXOAHbIX JAHHbIX

[TepBast CTPOKA COMEPIKUT LEJIbIE Tucaa n, k, m.

Crieytonast CTpOKa COIEPIKUT N 9UCET Po, P1, - - - » Pu1, P(x) = > piz’.

®dopmaT BbIXOAHbIX AAHHbIX

Ha niepBoit crpoke BoiBeuTe t = max(n —k, 1) nessix guces or 0 jo m—1: ag, aq, ..., a;—1. Ha
BTOpPOil cTpoke k 1enbix ducesr ot 0 g0 m — 1: rg,ry,...,Tx_1. Bce 3Tu unciia J0KHBI 00J18/1aTh
ceoiicreoM, uto P(z) = Q(z)(>" a;z’) + Y riz’ mod m.

n, k < 10°.

Mpumepsbi
stdin stdout
317 61
151 0
317 51
241 0
317 51
041 5
3ameyanne

[IpenenbHo mpocTast 3a/1a4a.

Crpatnuya 3 ns 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

Obsa3aTesibHBIE 3aJIa9N

3apava 7C. YmHoxeHune 4ucen [1 sec, 256 mb]
Tpe6yeTCH IIEepeMHOXKUTDL JIBa IIEJIbIX HeOTPpUuIlaTe/IbHbIX YHC/IA.

dopmaT BXOAHbIX AAaHHbIX

B aByx cTpokax JaHbl JBa IEJbIX HEOTPUIATEJbHLIX duciaa B 10-4HOH cucTeMe CUMC/ICHUS.
MakcnmasbHast JUInHa ducia = 218,

®dopmaT BbIXOAHbIX AAHHbIX

BruiBeure B BBIXOAHOI aiiy mpou3BeieHne.

MNpumep

stdin stdout
13 1300
100

3amMeyaHue

910 3a7a9a, B KOTOPOil H0/KHO 3axoauTh FE'T Boobie 663 onTuMm3arimii.
Cucrema cuncienus — 10% mwm 10%.

Crpatunuya 4 n3 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

3apava 7D. Paspsoenue [1.2 sec, 256 mb]

O6o3HaunM J1Be TOCIeI0BaTeIbHOCTH JeiicTBuTesnbHbiX qncest (k) u y(k). Oupemennm moce-
JOBATEILHOCTD KOMIUTEKCHBIX dnces z(k): z(k) = x(k) + iy (k).
N-1
ycts FETy(k,2) = Y z,e2 /N,

n=0
AnanornanabiM 06pazom onpejessitores FFTy(k,x) u FFTy(k,y).

Tpebyercst 1o BeraucaeHubM snadennsM FFTy(k, z)
BoccranoBuTh 3HavueHus FFTn(k,x) u FFTn(k,y).

cDOpME]T BXOAHbIX OAdHHbIX

B nepsoit crpoke BxojHoro daitna samucano nenaoe uucao N (1 < N < 2%, N gpngercs
crenenbio aBoiikn). lasee ciemyior nebie Heorpunareabubie uncia A, B, C, D, E, F| ue mpe-
Bocxoggmue 1000. [Ist skonomun Bpemenu BBojia 3Havuenust F'F Ty (k, z) Hy>KHO Oy1eT BBIUUCIATH
IO CJIEJIYIONMIM (hopMyIaM:

FFTy(k,z).real = (A+ B - k) xor (C-k))-1073,

FFTn(k,z)imag = (D + E - k) zor (F -k))-1073,

riae FFTy(k, z).real u FFTN(k, z).imag — nefictBuTesibHast 1 MHAMAsT 9aCTH COOTBETCTBEHHO.

Barem gano umcio M — xomudectso samnpocos (1 < M < 10°). danee caeayor M nesbix
ancern g; (0 < gj < N).

dopmaT BbIXOAHbIX AAHHbIX

B Beixozamoit dait Beiegure M crpok. B j-oit crpoke — snavenus FF1Ty(q;, x) u FFTN(q;,y).
BHaveHns JO/KHBI OTJIHYATLCS OT IPABIILHLIX He Gosee, weM na 1074,

Mpumepsbl
stdin stdout
2 .0 0.0 0.0 0.0
1000 0 0 0 0 O 1.0 0.0 0.0 0.0
2
01
4 0.000 0.000 0.500 0.000
0 100 300 500 100 200 0.504 0.140 0.516 0.176
4 0.656 0.000 0.812 0.000
0123 0.504 -0.140 0.516 -0.176
1048576 540.737 -1587.741 1589.778 539.689
999 998 997 996 995 994 2404.809 531.421 1359.578 1569.751
3 3678.277 -523.243 526.382 3664.887
17 239239 2011
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2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

3apava 7E. [yanb [1 sec, 256 mb]

JIBoe JIysJIsIHTOB peIIni BHIOPaTh B Ka9eCTBE MeCTa IPOBEIEHNs IOEINHKa TEMHYIO aJljIelo.
Brosb sToit ammen pacTtér n gepeBbeB U KyCTOB. PaccTosiHne MeXK Iy COCeTHUMEI 00bEKTaMI PABHO
ojiHoMYy MeTpy. JLy3/1b permmiu mpoBOUTD IO CJIe YoM IpaBuiaM. HekoTopoe jepeBo BhIOMpPa-
eTCsI B KaUecTBe CTapTOBOM TOUKM. 3aTeM JBa JiepeBa, HaXOJANINXCS Ha OJJMHAKOBOM PACCTOSTHUAN
OT MCXOJHOTO, OTMEYAIOTCS KaK MecTa Jsd CTPeabObl. [ly/ITHThl HAUMHAIOT JIBUXKEHUE OT CTap-
TOBOII TOYKU B IIPOTHUBOIIOJIOZKHBIX HalIpaBJICHUAX. KOF,Z[& COIICpHUKHN JOCTHUIalOT OTMEYCHHBIX
JI€PEBBbEB, OHN Pa3BOPAYMBAIOTCA U HAYNHAIOT CTPEJATH JAPYT B JIpyTa.

Jlana cxema pacIoJIOXKeHUs JIEPEBHEB BJIOJIb ajuien. Tpebyercd ompeenTh KOJUIECTBO CIIO-
co00OB BBIOPATh CTAPTOBYIO TOUKY U MeCTa JJI CTPEJIbObI COTJIACHO TIPaBUIIaM Ty 3JIN.

dopmaT BXOAHbIX AaHHbIX

Bo BxojiHOM daiisie cojiep:KuTcs 0fHa CTPOKA, COCTOosAIIad 13 CUMBOJIOB ‘0’ 1 ‘1’ — cxema aJjiien.
JlepeBbst obozHavaoTca cuMBoJIOM ‘17, KycTbl — cuMmBojioM ‘0. J[yimHa CTPOKM HE HPEBOCXO/UT
100000 cumBoOJIOB.

dopmaT BbIXOAHbIX AAHHbIX

BeiBeiuTe KOIM4uecTBO CIIOCOOOB BBHIOPATH CTAPTOBYIO TOYKY U MECTa, JIjIsd CTPEIbObI COTIACHO
pPABUJIAM JTySJIH.

Mpumepsbi
stdin stdout
101010101 4
101001 0

B nepBom nipumepe BO3MOXKHBI CJie Iy forine KOH(MUTYPAIin Iy37d (CTapToBOE JEPEBO 1 IEPEBbsT
JTsT CTPesTbObI BBIIEeHb! KUpHbIM mpudTom): 101010101, 101010101, 101010101 w 101010101.

3amMeuvaHue

Bajiaua ¢ MpaKTUKH.

Crpatuya 6 n3 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

JIOHOHHHTGHBHBKBBaﬂaqH

3apava 7F. OnuHublii Hanbonblunii obwmii aenutens [6 sec, 256 mb]

JlaHbI JBa IEJIBIX MOJIOXKATE/IBLHBIX Yncia. Hailtu ux Hambo IbInii oOmuil e/ 1uTe)ib.
dopmaT BXOAHbIX AAaHHbIX

Mynbrurect. Kaxkpiit Tect 3amaéresa aByms crpokamu. Cymmaphas jgiauHa duces 10 50 000.
®dopmaT BbIXOAHbIX AAHHbIX

JLTst KaxKJ10ro TecTa BBIBEJINUTE OJIHY CTPOKY — HaMOOJIBIIHUI OOIINIA JIeTUTEb.

Mpumepsbl

stdin stdout
10 5
15 262144
1000000000000000000 1
1152921504606846976
17
100

rlO,D,CKa3Ka no peweHunto

IlycTs cucreMa cunciaenus pasua 10%,
2 ..
Torga pemenne sa O(7z) 3aiig8T 110 BpeMeHHU.

Crpatnuya 7 n3 11



2-in kypc, [3 #7, Pypbe
Cre, Akagemuyeckunii YHnsepcutet, 14 Hosbps 2018

3apava 7G. YMHOxeHue veTbipex yucen [1 sec, 256 mb]
Tpe6yeTCH IIEPEMHOXKUTDL 9€ThIPpE IEJIbIX ITOJIO2KUTEJ/IbHBIX YUCJIa.

cDOpME]T BXOAHbIX OAdHHbIX

B YeThbIpEX CTPOKaX JaHbl 9€ThIPE HEJIbIX IIOJIOZKUTEJIbHBIX YUCJIa B rH‘GCHTI/I‘{HOIL/'I CHUCTEME CHHC-
Jgenndg. Yucia JaHbl oe3 BeAyImux Hy.HefI. CYMMapHaSI JJINHa BCEX YHCEJI HE ITPEBOCXOAUT 220

uudp.
CDopmaT BbIXOAHbIX OAHHbIX

Briseure B BbIXOIHOI (haill mponsBeeHne JaHHBIX THUCET.

Mpumep

stdin stdout
13 13000
100
5
2

3amMeyaHue

Pemenne xtopu ma C++ pabotaer 0.204 cekyHIBI.

Crpatunuya 8 ns 11
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3apava 7H. VYpasHeHue [6 sec, 256 mb]

Hano ypasnenne suga XY + YV = Z¥ mod M.
Tpebdyerca nna dukcupoBanubix N u M HANTH KOJIUIECTBO PA3IUIHBIX PEIIEHUI 9TOrO ypaB-
HeHusi. PerenneM Ha30BEM TaKyio TPOWKY HaTypasbHbIX quces (X, Y, Z), 9410 BbINOTHSIETCS:

e 1 <XLKY < M
e 1< Z< M
e XN YN=7N mod M

®dopmaT BXOAHbIX AAaHHbIX

B euncTBennoii crpoke BxoHoro daiina samucanst ancia N u M (1< N <7, 1< M < T77).

cDO]I)ME]T BbIXOAHbIX OAHHbIX

B BoIxXomHOI (baiiyl BBIBEAUTE OIHO YHCIO — OTBET Ha 3aJady.

Mpumepsbl
stdin stdout
13 2
2 4
35 8
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3apaya 71. ABJ1-pepeBbs [0.4 sec, 256 mb]

ABJI-nepeBo — cHamaHCHPOBAHHOE 110 BBICOTE JIBOMTHOE JIEPEBO MOMCKA: JIJI KayKJIOi ero Bep-
IIIIHBI BBICOTA €€ NIBYX IOJIePEBheB pasindaercs He 6osee yem Ha 1. ABJI-mepeBbst HazBaHbBI 110
nepBbIM OykBaM pamuuit mx nzobperareseit, I'. M. Anenscona-Benbckoro n E. M. Jlanmnca.

s (bukcmpoBaHHOIO KOJMYIECTBA BEPIIUH MOXKET CyIIecTBOBaTh HecKoJIbKo ABJI-nepeBnes.
Hanpumep, cymecrsyer mects ABJI-epeBbeB, cOCTOSIIMX U3 IATH BEPIINKH.

SO NARORARS:

Tak:ke jgepeBbsd ¢ OAMHAKOBBIM KOJMYECTBOM BEPIIMH MOTYT MMETh Pa3JUYdHYIO BbicOTy. Ha-
IIPUMEP, CYIIECTBYIOT JIEPEBhbs N3 CEMH BEPIINH C BBICOTAMU 2 U 3 COOTBETCTBEHHO.

L3 p

Tpebyercs o 3aganubiM 1 1 h HaiiTu KojudectBo ABJI-epeBbeB, cOCTOSIMX W3 1 BEPIIUH 1
UMeromuX BbIcOTY h. Tak Kak oTBeT MOXKET ObITh OYeHb OOJIBIITUM, TpeOyeTcsi HallTH OCTaTOK OT
eJIeHNd MCKOMOI'O KOJIM4YecTBa Ha 786433.

MopmaT BXOAHbIX AAHHbIX
Bo BxoguoMm daiisie ganbl uncaa n u h (1 < n < 65535, 0 < h < 15).
MDopMaT BbIXOAHbIX AAaHHbIX

BriBe/uTe 0JIHO YUCIIO — OCTATOK OT jiejieHus KojmdectBa ABJI-1epeBbeB, cocrosimmx us n
BEPIIUH U UMEIONUX BhICOTY h, Ha 786433.

Mpumep

stdin stdout
7 3 16

3amMeyaHue

786433 — npocToe uncio, 786433 = 3 - 218 4 1.
Yunmces mucats “FFT mo momymio”. B asropckom pertenuun @yphe BbI3bIBaeTcs 1 pas.

Crpatnuya 10 s 11



2-in kypc, [3 #7, Pypbe
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3apayva 7J. OHK poboTos [1 sec, 256 mb]

[Tocnemnue nocruxkenus B Texnosiornn cuaTe3a JIHK mo3Bosmim mpoBecTn SKCIEPUMEHT 110
CO3/TAHUI0 OMOPOOOTOB.

s obnerdennst 3amaan co3ganns 110 mrs ynpasmenus poboramMu OBLIO MPUHSITO PEIIeHne,
gro ux JIHK 6yner cocroarb uz M = 2" cuMBOJIOB i HeKOTOporo n > 2. Kpome sToro, mo tex-
HUYIECKUM [IPUYUHAM 9TO Oy/ieT He OObIYHAs CTPOKA, a IUKJINYecKas, TO eCTh €€ MOYKHO HAUNHATH
YUTATL C JIIOOO ITO3UIUN.

OpHOol U3 1esIeil SKCIIepUMeHTa, ABJISIeTCs n3ydeHne MyTamuii onopoboTos. B pesymbprare mpo-
JIOJIZKATEJIbHBIX HaOJIIOACHUN OBbLIO HAMIEHO MHOTO PA3JIMIHBIX BUJIOB pobOTOB. s monnManus
IPOIEcca MYyTAITUU YIEHBIM HEOOXOIUMO penuTh ciemaytontyio 3aga4dy. g JTHK aByx pobotor
TpebyeTcs OIpeienTh KodhdUImeHT nx moxozkectu. OH BBIYUCIAETCA, KAaK MAKCUMAaIbHOE KOJIU-
YECTBO COBIIAIAIONINX CHMBOJIOB 1pu HauaydineM comeriennn 3tux JTHK. Hem Gosbite cumBosion
COBIIAJIAET, TEM JIyUIlle COBMEITCHUE.

Tpebyercst nanmcaTh IporpaMMmy, KoTopasd HaliIeT Haurydiinee copmenienne a8yx JIHK.

®dopmMaT BXOAHbIX AAHHbIX

B neppoii cTpoke BxoaHoro daiita sanucano ogno unciao M (4 < M < 2'7). B cieayromux aByx
crpokax zamucanbl JIHK nByx poboros. Obe JIHK — crpoku, cocrosimue poBao u3 M cuMBOJIOB
u3 MHOXKecTBa {‘A’) ‘C’, ‘G’, ‘T’}.
dopMaT BbIXOAHbIX AAaHHbIX

B BbIxomnoit (haitsn BeIBeUTE JIBA YHCIa — MaKCUMAJJIbHOE KOJUYECTBO COBIAJIAIONINX CUMBO-
JIOB U 3HaYEHHUE ONTUMAJbHOI'O CJBHUIa — HEOTPHUIATEIbHOE KOJIMYeCTBO cUMBOJIOB BTOpoit JIHK,
KOTOpBbIEe HEOOXOMMO IEePEHECTH U3 KOHI@ CTPOKU B €€ Hadaso s JOCTUKEHUs HAWJIYdIIero
COBMEIIICHUA.

Mpumep

stdin stdout
16 15 1
ACGTACGTACGTACGT
CGTACGTACGTACGTC

3ameyaHue

B aBTopckom pertennn Pypbe BbI3BIBAETCA O pa3.

Crpannya 11 n3 11



