Yandex Algo 2023-2024. Mapannens A. FFT

Yandex, 18 Hosbpst 2023

3apgava A. 3apgada a1 BTOpPOKJlaCCHUKA

Wwmst Bxonnoro aiina;
VMg BeixomHOTO aiiia:
Orpanndenue 1Mo BpeMeHH:
OrpaHnudenue 1o IaMsITH:

CTaHZAPTHHA BBOJ,
CTaHIapTHHI BHBOZ,
2.5 cexyHT

256 merabaiiT

Bam manbr npa yucita. Heobxoaumo HaiiTH UX IPOU3BEICHUE.

CDopmaT BXOAHbIX OAdHHbIX

Bxomubie maHHBIE COCTOAT U3 JIBYX CTPOK, Ha KAXKIOW M3 KOTOPBIX HAXOJUTCH IEJI0€ OIHO IeJIoe
9HUCJI0, JIJINHA KOTOPOT'O HE MPEBOCXONUT JBYXCOT MATHIECITH THICSY CUMBOJIOB.

dopmaT BbIXOAHbIX AAHHbIX

BbIBe,ZLI/ITe IpousBeJicHue JaHHBIX YHCeJI.

MNMpumepbl
CTAHIAPTHHY BBOJ, CTaHZApPTHHY BHBOZ
2 4
2
1 -1
-1
-1 239
-239
0 0
-1
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgada B. @PDPT no nssectHoMy mMoayto

Nwmst Bxosuoro daita: CTaHIAPTHHE BBOZ
WNmsa Beixoanoro daiiia: CTAHIApPTHHI BHBOZ,
Orpanundenne 10 BpeMEHU: 2 ceKyHIBI
OrpaHnudenue 1o IaMsITH: 256 merabaiiT

[Ipenmaraercst B 3T0i1 3aj1ade pealn30BaTh IIEPEMHOKEHNE JIBYX MHOTOUJIEHOB IO U3BECTHOMY MOJLYJIIO
MOD = 998 244 353. Vcnonb3ysi HAIIMCAHHYIO BAMHU B 9TOH 3ajia4de QPyHKIUIO, BbI CMOXKETe CIaBarh 6e3
pobsieM OOJBIMMHCTBO 3aJ1a4 110 KOMOMHATOPUKE, B KOTOpoit Hy:kKHO PPT.

(DopmaT BXOAOHbLIX OAHHbIX

B nepgoii crpoke Haxomurest nesoe yucso n (0 < n < 18).
Bo Bropoii cTpoke HaxomurTest 2" MEJNbIX 9HCENT Gg,dq,...,am—1 (0 < a; < MOD — 1). Ilepssrit

on_1
MHOTOUWIEH JIJIs llepeMHOXKeHust 310 A(x) = Y aa’.
=0
Bo Bropoii crpoke Haxourcs 2™ nesbix uucest bg, by, ..., bon 1 (0 < by < MOD — 1). Ilepsbiit MHOTO-

21
“WIEH IS IepeMHOXKeHus 910 B(x) = Y ba’.
i=0

@dopmaT BbIXOAHbIX AAHHbIX

ITycre muorowren C(x) = A(z) - B(x). Bee xoadunuents! npu nepeMHOXKeHHN GepyTCsl IO MOJLYIIIO

antl g
MOD. Torga wanumewm, uro C(x) = . ¢z’ Beisenure co,c1,. .., Cont1_1.
=0
Mpumep
CTaHOAPTHHHE BBOZ CTaHOAPTHHE BHBOZ,

1 1210

11

11
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgayda C. KonunyectBo nyTei

Nwmst Bxosuoro daita:

CTAHZApPTHHE BBOZ
VMg BeixomHOTO aiiia:

CTaHIapTHHI BHBOZ,
OrpannyeHne 1o BpeMeHH: S CEeKyH]I

OrpaHnudenue 1o IaMsITH: 256 merabaiiT
Jlano mepeso u3 n BepmwmH. Js kaxgoro d = 1...n — 1 HaliuTe KOJUIECTBO IIyTeHl JITUHBI d.
@dopmaT BXOAHbIX AAaHHbIX
[Tepsas crpoka cogepxkut n (1 < n < 50000) — KOIMIECTBO BEPIIHH.
Caenyrorume n — 1 ¢TpoK cojepKar mapbl guces u;, v; (1 < u;, v; < n), onuceiBamoIme pédbpa Jiepesa.
CDopmaT BbIXOAOHbIX AdHHbIX
BriBengure n — 1 9uciio, rie i-€ — KOJUIECTBO IMyTell JITUHBI 4.

Mpumep

CTaHOAPTHHHE BBOZ CTaHOAPTHHHE BHBOZ,

N = W
w N

CrpaHnua 3 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apayda D. HEX-Hell u chomaHHaa cTpoka

VMg BxoaHoro haitna: CTaHIAPTHHE BBOZL
Wwms Beixoanoro gaiia: CTAHIAPTHHYN BHBOZ,
Orpann4enue 10 BpeMEHH: 1 cexkyHna
OrpaHnudenue 1o IaMsITH: 256 merabaiit

Cepéxka 1moTepsisi MECTO, I'JIe B peJlakTope mecTHaarepudnnix kogos HEX-Hell naxoqunack ero crpo-
Ka. U, Tak KaK OH OOJIBIIONH MOJIOJIEI, CAMy CTPOKY OH CJIOMAJI.

Hamomuuaem, 9To oann 6aifiT — ABe IIecTHAANMATEPUIHBIX Mudpbl n3 auama3ona [0-9A-F]. Iocremo-
BATEJIHHOCTb KOJIOB B PEJAKTOPE B JIAHHBII MOMEHT mMeer juinHy He Gosiee 125000 Gaiir (T.e. B Heil He
6osee 250 000 cUMBOJIOB, 1 OHA MMEET YETHYIO JJINHY ).

A Takke, y Bac ecTb cepéxkunHa OUTOBasi CTpOKa M3 HyJIEil U eIUHHL], «IIOJOMaHHAs» B HEKOTOPBIX
MecTax (HEKOTOpble GUTHI OY/LyT 3aMEHEHbI Ha 3HAKHU 7).

[ToxkautyiicTa, jjIsi KaykKJ0r0 BO3MOXKHOI'O Hadaja ITOH CTPOKHM B PEIaKTOPe BBIBEAUTE KOJUIECTBO
COBITQIAIONINX HyJIel U eauHuIl. [Ipu 9TOM MOXKHO CUNTATh, YTO 3HAKK BOIIPOCA, COBIIAIAIOT C YeM YIOITHO!
ITo sToit madopmanmu rope-Cepérxa pa3bepercss cO CBOUMHU CTPOKAME caM. TOJbKO HalUTe KOJMIECTBO
COBIIA IeHN’IA!

(DopmaT BXOAOHbLIX OAHHbIX

Bo Bxommom daiiie mBe memyctbix crpoku. IlepBas cocrout m3 cumBosoB or 0 10 9 u or A jo F.
KomuuectBo Takux cumBosioB uétHo u He Gosiee 250 000.

Bropasi crpoka cocTouT U3 HyJleil, eIMHUI] 1 3HAKOB BOIpoca. Ké JimHa KpaTHa BOCbMH (OHA TOXKE
3a/1a6T TI0C/IE/OBATEILHOCTD OANT) W HE MPEBOCXOANT YeThIPEX JJINH HEepPBOil CTPOKK (OHA MOMEIaeTcs B

PEJIAKTOD).
CDopmaT BbIXOAOHbIX AdHHbIX

Eciu jumina (B cuMBoJIax) epBoil CTPOKH 1, & BTOPOit k, To Bam HEOOX0IMMO BBIBECTH B [IEPBOii CTPOKE
BbIXO/IHOTO (baiiia n/2 — k/8 + 1 mesbIx unces — KOJUYECTBO COBNAIAIONINX OUT IPU MPUKJIAIbIBAHIN
BTOPOI CTPOKM K HEKOTOPOMY MECTY IIepBO#l CTPOKU.

[IpukiabiBaHUS yIOPSIOYEHBI €CTECTBEHHBIM 00Pa30M — CJIeBa HAIIPABO.

MNpumep

CTaHIApTHHI BBOJ, CTaHZapTHHN BHBOJ
B2D6 85
10117010

3ameyaHune

B2D6 B aBomuyHOoM Buje 310 1011001011010110
[Tpu npuknagpiBanuu mabiora 10117010 k nepBomy Oaiity 10110010 mosrydaeM BOCEMb COBIIAJIEHUIA,
a ko BropoMy 11010110 — naTh.

CrpaHuua 4 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apava E. AVL

Vwms BxomHOrO (haiina: CTaHIAPTHHN BBOJ
Wmst BBIXOIHOTO paiiia: CTaHIAPTHHE BHBOZ,
Orpanndyenue 110 BpEMEHU: 0.5 cekyH[T
Orpanudenne 10 MAMSTH: 256 merabaii

AVL-nepeBbst, TpuIyMaHHbIe POCCUHCKUMU YIEHBIME A menbcoH-Benbekum u JlammumcoMm, sBISTIOTCS
mpuMepoM cOAJIaHCHPOBAHHOTO ODMHAPHOTO JiepeBa moucka. B repmunosiornn AVL, mojseriennoe GuHap-
HOE JIePEBO Ha3bIBAETCs COAJAHCUPOBAHHBIM, €CJIA JIJIs KaXKJ0W BEPIIMHBI BBICOTHI €€ JIEBOI'O M IIPABOIO
[IOJI/IEPEBBEB OTJIMIAIOTCSI He 60JIee, 1eM Ha OJuH. Takoe 1epeBo, cobcTBeHHO, n Ha3biBaeTcst AV L-nepeBom.
Paszymeercs, cymectByer maneko He enmucTBentnoe AVL-mepeBo mpu dukcnpoBanHoM [ncie BepmuH. K
npuMepy, cymectByer 1mectb AVL-JiepeBbeB ¢ ISAThIO BEPIIMHAMU, OHU W300paykKeHbl HA PUCYHKE HUKE.

SIS IATOIOLD

JlepeBbsi ¢ OMHAKOBBIM YHCJIOM BEPINWH MOT'YT UMETH PA3HYIO BLICOTY, K IIPUMEPY, Ha, PUCYHKE CHU3Y

HapHuCOBaHO /IBa JepeBa C CEMbIO BEPIIMHaAMH, KOTOPblE€ UMEIOT BbICOTBI 2n 3, COOTBETCTBEHHO.

L3

Bam gamer gBa umciaa — N u H, Tpebyerca naiitn wmcio AVIL-nmepeBbeB, KoTopbie cocTosT n3 N

BepHInH 1 UMEIOT BBICOTY H HOCKOJIbe X 9UCJIO JOBOJIBHO BEJIMKO, BbIBEJIUTE MCKOMOE KOJIMYIECTBO IIO
MomyJtio 786 433.

®dopmaT BXOAHbIX AAHHbIX
Euncreennast crpoka BxojaHoro daiisia comepzxur gpa unciaa — N u H (1 < N <65535,0 < H < 15).

@dopmaT BbIXOAHbIX AAHHbIX

BriBenure ennHcTBeHHOE Yncyio — KoandecTBo AVL nepesbeB ¢ N BepiIMHAMEA BbICOTHI H , 110 MOJLYJIIO

786 433.
MNpumep

CTaHIApTHHI BBOJ, CTaHZapTHHN BHBOJ
73 16

3ameyaHue
786 433 mpocroe uncio, u 786433 = 3 - 218 + 1.

CrpaHnua 5 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apaya F. Ha3sBaHwue

Vwms BxomHOrO (haiina: CTaHIAPTHHN BBOJ
Nwmst BeixosHOTO haiira; CTaHIAPTHHE BHBOZ,
Orpanudenne 10 BPEMeHHU: 1 cexynma
Orpanudenne 10 MAMSTH: 256 merabaii

Ber 3HaeTe pazHuily Mexiay orejeM u MoreseM? Bbl paBbl, PA3HUIA B KOJIUIECTBE MYX, *KUBYIIAX
taMm. [leTsa BJrajeserr 0JIHOrO U3 CAMBIX MOIYJ/ISPHBIX MOTeJell B Bep/isanauu, HO ero MaMa HACTAUBAET Ha
TOM, 9TOOBI OH IIPEBPATUJI CBOIl MOTEJIb B 0Tesih. VIMeHHO 1moaToMy OoHa nojgapuia [lere Myxoboiiky B Bujie
MHOTOYTOJIbHUKA U3 k BEPIIUH.

[Tomoitna x oxuy Ilers yBumen n myx. Tak xkak Ilerss u Mmyxu He 0OMIUT, OH XOYET y3HATH KOJUIECTBO
CII0cOOOB yIapUTh MyX0OOIKOM, He TIOKAJIEINB HU OJTHON MYXH.

OxkHO TpejicTaBsieT u3 cebst MPSIMOYTOMBHUK, HIXKHUN JIEBBIH yTOJ KOTOPOTO HAXOJUTCS B IEHTPE
koopaunaTuoii cucreMbl. [locne ymapa Iletu Bce BepImmHbI MyXOOOMKHN JOJIZKHBI HAXOJUTHCH B IIEJIBIX
KOOD/IMHATAX U HE JOJKHBI BbLIE3ATH 3a I'paHullbl okHa. Myxa rokajedena, ecjin oHa OyJleT HAXOUTHCH
o1, MyX0o0O0#KO# Jinbo Ha e€ rpaHuIax.

dopmaT BXOAHbIX AAHHbIX

IlepBasi cTPOKa BXOAHBIX JaHHBIX COAEPIKHUT UHCIA Tp, Yp U N (1 < xp,yp < 500, 0 < n < p - yp) —
KOOPJIMHATHI ITPABOr'0 BEPXHErO yIjia OKHA M KOJUIECTBO MyX Ha Heill, COOTBETCTBEHHO.

Curemyromnue n ¢Tpok cogepkar 1o asa nciaa z 1y (0 < z < xp, 0 < y < yp) — KOOPAUHATEL MyX Ha
OKHE.

Caenyromiasi crpoka cogepxkut ducio k (3 < k < 10000) — kosmaecTBo BepiuH y Myxoboiiku. B
CJIEIyIOMUX Kk CTPOKaX MAlOTCAd X; U Y; (—109 < T Y < 109) — KOODJIMHATHI -fi BEPITUHBI MyXOOONKMT.
Bepimnbl 3agaibl B mopsiake 06Xoa, TaK 9TO COCeIHHE BEPIIMHBI U IepBasl U IOCJIEIHsIsl BEPIIUHDI
COCJIMHEHDI IIPAMON JINHUEH.

@dopmaT BbIXOAHbIX AAHHbIX

BriBeiure KOM4IecTBO CIIOCOBOB YIAPUTH MyXODOMKO#l Tak, YTOOBI HUA OJIHA MyXa He [OCTPaJIaJla.

CucTtema oueHKkn

IMoazanava 1 (30 6amioB): - yp-n-k <3107 u xp,y, < 100

ITogzamaua 2 (20 6annoB): xp, y, < 100

ITonzama4da 3 (20 6as10B): MyX060OHKa SBJISIETCS TIPSIMOYTOJIBHIKOM CO CTOPOHAMY HapaJLIeIbHBIMI
OCSIM KOOPTUHAT

ITonzana4da 4 (30 6aJI0B): HET JONOTHUTEIBHBIX OrPAHIYCHUIT

CrpaHnua 6 us 18



Yandex Algo 2023-2024. Mapannens A. FFT

Yandex, 18 Hosbpst 2023

MNMpumepbl

CTAHIAPTHHY BBOJ,

CTaHZAPTHHN BHBOZ

W o,

N W d DN O O
w

o1 N O W N

Wbk OO NP W, 0O NOONOOOPE WO, P OO NNO W

O~N O W Wb

3ameyaHune

[Tosicuenne K TpeTbeMy NpPUMEDPY:

7

CrpaHnua 7 us 18




Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgayva H. CrpaHHoe FFT

Nwmst Bxosuoro daita: CTaHIAPTHHE BBOZ
WNmsa Beixoanoro daiiia: CTAHIApPTHHI BHBOZ,
Orpanundenne 10 BpeMEHU: 4 ceKyHIBI
OrpaHnudenue 1o IaMsITH: 256 merabaiiT

Eropy 6bu10 jieHb NpUAYMBIBATE JIETCHIY, TIO3TOMY JIOBUTE (PpOpPMaJILHOE YCJIOBUE.
Hamer 1Be mocenosarenproctn A n B pasMepoB n u m cooTBETCTBEHHO (HyMepalus ¢ HYJIs).
Heobxomumo BbiBecTH TTOC/IEI0BATEILHOCTD C JUIMHBL NI + M, OIPEJIEJIEHHYIO CJIELYIONUM 00Pa30M:

%3]
Cr = Z A; - B
=0

Cuawuraiite, aro ecqiu A; nim Bj_; He OIpeIeJIeHbl, TO OHU PABHBI HYJIIO.

®dopmaT BXOAHbIX AAHHbIX

Ha mepBoit crpoke BBOma HaxomuTes restoe quciao n (1 < n < 500000).

Ha BTOpOi#l CcTpoKe HAHBI N IEILIX YHUCEI, ABJISMIOIINECS 3JIEMEHTaMU IIOC/IeN0BaTeIbHOCTH A
(0 < A; <£100).

Ha tperneii crpoke BBOsIa HaxoauTes 1esoe uuciao m (1 < m < 500000).

Ha derBepToil cTpoke MaHbl M IEJBIX HUHCEs, SBJSIONINECT dJEeMEHTaMU II0CjefoBaTebHoCTH B
(0 < B; < 100).

dopmaT BbIXOAHbIX AAHHbIX

BI)IBG,ZLI/ITG N+ M 4Yucesi, ABJIAIOINNXCI dJIEeMEHTAMU 110CJIeJI0OBATE/ILHOCTA C.

MNpumep
CTAHIAPTHHY BBOJ, CTaHZAPTHHN BHBOZ
3 023600
123
3
123

CrpaHnua 8 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgaya |. Ocobble no3nuyunn

Nwmst Bxosuoro daita: CTaHIAPTHHE BBOZ
WNmsa Beixoanoro daiiia: CTAHIApPTHHI BHBOZ,
Orpanundenne 10 BpeMEHU: 5 CEKyHTT
OrpaHnudenue 1o IaMsITH: 512 merabaiiT

Bynyau mkosmbankom Crac 09eHb IPYCTHII, KOTJIA PAccajika B MKOJBHOM aBTOOyCe He TO3BOJISIIA eMY
CeCTh PSIIIOM C APYTOM, TIO9TOMY Cceiidac OH BBIPOC M HaYaJ I IMUCATH IIPOTPAMMY, PEIIAOILyI0 3Ty IPO0IeMy,
¥ eMy TOTPebOBAJIOCH PEIIUThH TAKYIO 33J1ady.

Jamn maccuB a muabl n. Takke JaHbl M PA3IMIHBIX HO3UIUN P1, P2, . . ., Pm (1 < pj < n).

3areM paBHOBEPOSATHO BLIOMPAETCS HEITYCTOE IIOIMHOYKECTBO 9THX IMO3UINNA T’ U BBIYHCIISIETCSI

n

> (a; - minli — ).

ieT
i—1 J

WNupiMu ciioBaMu, Jijist KaXKJIOI0 UHJIEKCA MACCUBA IIEPEMHOXKAIOTCH @; U PACCTOsiHUE 10 OJinKaiiieil Bbl-
OpaHHOI B ITOIMHOYXKECTBO MO3UIUN, U 3TU BEJUIUHBI CyMMUPYIOTCS.

Haiinure MmaTemaruieckoe OKUJIAHUE STON BEJIMIUHDI.

DTO YHUCJI0 HYXKHO HaiiTu 1o Momymio 998 244 353. @opmasbho, iycrs M = 998 244 353. MoxkHo 110-

Ka3aTb, YTO OTBET MOXKeT OBLITh IPeJICTaBJIeH B BHJle HECOKPATUMOil 1pobu £, rine p u ¢ nesble yuciaa u

q7
q # 0 (mod M). Beisesure miesioe umcio, pasroe p - ¢+ (mod M). JIpyrumu cioBamMm, BHIBEIUTE TAKOe
nesoe guciao x, 9ro 0 <z < M u z - ¢ = p (mod M).
dopmaTt BXxOAHbIX OaHHbIX

B mniepBoit cTpoke HaxomuTes jBa nesibix uncaa n um (1 <m < n < 10°).

Bo BTOpOii cTpOKEe HAXOAATCS N TEIBIX YHCEIT A1, A, ..., ay (0 < a; < 998244 353).

B Tperbeii cTpoke cTpOKe HAXOSTCS M PA3JIMIHBIX TEJIBIX TUCEIT P1, P2, - - -, Pm (1 < pj < n).
Huist Becex 1 < i < m rapaTupyercs, 910 p; < Pit1-

MdopmaT BbIXOAHbIX AAHHbIX

BbIBe,ZLI/ITe CIMHCTBEHHOE I1€JI0€ YUCJIO — OTBET Ha 3a/1advy.

lMNpumepsbl

CTaHIAPTHHN BBOJ, CTaHZApTHHN BHBOJ
2 665496247
234
4

6 855638030
24242
23456

i R I

3ameyaHune

B nepsoMm npumepe:

e Ecsm B3gTa TOJNIBLKO TO3UITU 1, TO mTOroBas BeanyunHa paBHa 1-0+2-143-2+4 -3 = 20.
e Dcsm B3sgTA TOJNBKO TO3UIUS 4, TO MTOroBas Bean4InHa paBHa 1-3+2-24+3-1+4.0 = 10.
e Ecym B3gTh 00€ mo3ummu, To nTorosas BejuduHa paBaa 1-0+2-14+3-14+4-0=5.

Otser Ha 3ajauy 22105 — 35 — 665496 247 (10 Momymo 998 244 353).
3 3

CrpaHnua 9 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apayva J. Koxna n ckobkmn

Nwmst Bxosuoro daita: CTaHIAPTHHE BBOZ
WNmsa Beixoanoro daiiia: CTAHIApPTHHI BHBOZ,
Orpanundenne 10 BpeMEHU: 3 CeKyHIBI
OrpaHnudenue 1o IaMsITH: 512 merabaiiT

Y Ymio ecTh cKOBOUHAS MOCJEI0BATENBHOCTD! s ymabl n. IIycTh k paBHO MHHUMAIBHOMY HHCITY
CHMBOJIOB, KOTOpoe UMio JOJIKHA YIAIUT U3 S, YTOOBI CEIATh § MPABIIBHOIT .

Temepr Kocusi xoder, 4T00bI BBI MOCYUTAIN KOJUIECTBO CHOCODOB YIAJIUTH Kk CHUMBOJIOB M3 S TaK,
9TODOBI § CTaJIa MPABUJIBHON, 110 MOy 10 998 244 353.

Ob6parure BHUMaHUE, 9TO JBa CIIOCODA YAAJUTH CUMBOJIBI CUUTAIOTCS PA3JIMIHBIME, €CJIU U TOJBKO
€CJIM MHOYKECTBA yJIaJIEHHBIX UHJEKCOB PA3JINIAIOTCS.

t Ck0BOUHOI MOCIIEI0BATEILHOCTHIO HASBIBAETCSI CTPOKA, COCTOSIIAS TOJIBKO U3 CHMBOJIOB <« (» 1 «) ».

1 Ckobounast 10CIe/I0BATEILHOCTD HA3BIBACTCS TIPABIIIBHOMN, €CIIH €€ MOYKHO IPEBPATHTE B KOPPEKTHOE
MaTeMaTUIeCKOe BhIpaXKeHue, 100aBIsist TOJIbKO CUMBOJIbL + u 1. Hampumep, mocaenosaresnsaoctu (()) (),
0O, (O CO)) n mycras crpoka sBiaoTcs npaBuibabiME, a ) (; (O m () ( — Her.

®dopmaTt BXOAHbIX AAHHbIX

IlepBas crpoka comep:ut crpoky s (1 < |s| < 5-10%) — ckoboUHyIO MOC/IEI0BATETLHOCTD.
TapanTupyercst, 9T0 § COAEPKUT TOJLKO CAMBOJBLL « (» U «) ».

@®opmaT BbIXOAHbIX AAHHbIX

BriBenure 0omHO 11€710€ IUCTIO0 — KOJUIECTBO CIIOCOOOB yIAIUTh k CUMBOJIOB U3 § TaK, YTOOBI S CTaJa
IpaBUILHOM, TT0 MoyJio 998 244 353.

MNpumepsbl

CTaHIAPTHHY BBOJ, CTaHZAPTHHY BHBOJ

) (O 4
( 1

3ameyaHune

B mepBoM nmpuMepe MOXKHO MTOKa3aTh, YTO MUHUMAJIbLHOE KOJMYECTBO CUMBOJIOB, KOTOPOEe HYKHO y/Ia-
JIUTD, paBHO 2. EcTh 4 criocoba yaaauTb 2 CUMBOJIA TaK, YTOOBI § CTaJIa IIPABUILHON, KAK ITOKA3aHO HUXKE.
VrnajleHHble CUMBOJIBI TTOKA3aHbI KPACHBIM.

e ) (O,
e (0) (O,
e (0O,
e 0)(O.

Bo Bropom mpumepe eauHCTBEHHBINH CIIOCO0 ¢eaaTh S cOAJaHCUPOBAHHON — yIaJuTh €IMHCTBEHHYIO
CKOOKY, 9TOOBI MOJIYyYIUTh IIYCTYI0 CKOOOUHYIO IOCJIEI0BATE/IbHOCTD, KOTOPas CINTACTCs cOATAHCUPOBAH-
HOIA.

Crpatuuya 10 n3 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apaya L. bBankoBckoe peno

Vwms BxomHOrO (haiina: CTaHIAPTHHN BBOJ
Wmst BBIXOIHOTO paiiia: CTaHIAPTHHE BHBOZ,
Orpanndyenue 110 BpEMEHU: 10 cexynn
Orpanudenne 10 MAMSTH: 512 merabaiir

Ocs u ero 6ania XOTAT SKCIPOIPUUPOBATD JIEHBI'M OJTHOTO HEYECTHOIO MUJITHOHEDA.

VY HuX ecThb caemyiomas mpodsaema. Mutnonep XpanuT ¢Bou JieHbru B 6anke. Bank ucmosib3yer Kpuri-
TOrpaduyecKyIo CXeMy ¢ OTKPBITBIM KJIIOUOM JIJIsl aBTOPU3AIMY CBOUX KJINEHTOB. ¥ KaXKJIOI'0 KJIMEHTA eCTh
CBOIT COOCTBEHHBIN TTyOIMYHBIN K09, KOTOPBIi SBJIsieTcss MHOTOUIeHOM P () HaJl 10J1eM OCTATKOB 1O MO-
JIYJTIO TIPOCTOTO YUCJIA P, W MPUBATHBI KJII0Y — MHOrOWIeH Q(x) Haj TeM ke caMbIM HosieM. [IpuBarHbii
KJIIOY CUUTAETCsI IPABUIIBHBIM, €CJIH CylecTByer MHorowien R(zx), takoit, uro P(z)-Q(z) = 14+ 2™ R(z)
JUJIsI HEKOTOPOT'O 3abUKCHPOBAHHOI'O YHCTIA 170

Ocst 3naer muorouwnen P(z), aucio p (ono Beerga pasuo 7340033) u 4ucyio m, HO OH HE 3HAET MPH-
BaTHBIN Ki1o4d. OH Hpe/iylaraerT BaM OIEHKY «D-» Ha 3a4éTe, 3a IIOMOIIb B HAXOXKJIEHUH 3TOT0 KJiova. Bbl
2Ke He MOXKETEe OTKA3aThCs OT TAKOI'0 MIEIPOro MPEeJTIOKEHUsT !

dopmaT BXxOAHbIX AAHHbIX

B niepBoit crpoke BxosHOrO (haiiia HaxoaaTes asa neabix ancaa: mun (1 <m,n < 105). 7 — CTeIleHb
muorounena P(x). Bropas crpoka comepxkur n + 1 nenoe aucio a; (0 < a; < p — 1) — koadunmenrst
muorowieHa P(x), i-e u3 wux (0 < ¢ < n) — sro kosbdunuenr npu z'.

CDopmaT BbIXOOHbIX OAdHHbIX

Eciu HeBO3MOXKHO HaNTH MOAXOIAININNA MHOTOYJEH CTEIeHH MeHee 1M, BLIBeIUuTe COODIIeHne
«The ears of a dead donkey»1 (6e3 kaBbIuek ). Ecin perieHue CyImecTByeT, TO BbIBEJIUTE 1M [EJIbIX Y-
cen by (0 < b; < p— 1), apsromuxcest koaddunmenramu Q(x). Ecim cymecrByer HECKOIBKO BapHAHTOB
OTBEeTa, BBIBEJUTE TOT, KOTOPBIH BaM OOJIbIIIE HPABUTCS.

lNpumepsbl
CTaHIApTHHN BBOJ, CTaHZApTHHN BHBOJ
21 1 7340031
12
4 2 1 0 7340032 0
101

'Or méprBOTO OCTA YUIH (AHTII.)
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgada M. [opewainte 3agady

Nwmst Bxosuoro daita: CTaHIAPTHHE BBOZ
WNmsa Beixoanoro daiiia: CTAHIApPTHHI BHBOZ,
Orpanundenne 10 BpeMEHU: 3 CeKyHIBI
OrpaHnudenue 1o IaMsITH: 512 merabaiiT

JIémma oueHb JIOJITO periaj 3aJady U B XOJie PEeITeHHs] MOJIYIUI IBa MACCHUBA C U T JUIMHBI N. ITOOBI
JIOpeIaTh 3aJady €My HaJI0 BBIYUCIUTb MacCUB dp jiauHbl n. J[jisT BBIYUC/IEHHSI 9TONO MacCCHBa HAaJO
repedbpath ¢ oT 0 10 n — 1 u mocuurarsb dp; 110 popmyJie:

i
dpi=ci+ ) dpi—jT;
=1

K coxasenuto, JI€mma Tak u He ycres IOCIUTATH MACCUB dp, HO YCIEJ HAUTU MACCUBBL ¢ U T, TOITOMY
OH IIPOCHUT Bac HAfTH MaccuB dp, 9TOOBI Jopenarh 3a4a4y. Tak Kak JIEmra permas «CoBpeMeHHyo» 3a1a9dy,
BCe BBIYHUCJIEHUs B Hell MpOBOAWINCH 110 Momyso M = 998244353.

dopmaT BXxOAHbIX AAHHbIX

[TepBasi cTPOKa COJAEPKUT €MHCTBEHHOE Tie0e ducao n (1 <n < 2 - 105) — pa3Mep MacCuUBOB " U C.

Bropasi ¢cTpoka cofepKUT n MEIbIX YHCeIT Cg, Cl, . . ., Cp—1 (0 < ¢; < M) — syileMeHTBI MaccuBa c.

Tperbsi CTPOKA COAEPKUT N MEJBIX YUCEN T(, 71, ...,"n—1 (0 < r; < M) — 3jeMeHTBl MaccuBa 7.
lapanTupyercs, aro rg = 0.

®dopmaT BbIXOAHbIX AAHHbIX

BeiBeure n 1eJIbIX 9UCE, i-€ U3 KOTOPBIX JO0JKHO ObITh pasho dp; (0 < dp; < M).

lMNpumepsbl
CTaHIAPTHHN BBOJ, CTaHZAPTHHN BHBOJ
4 1248
1111
0111
5 1 6 30 144 684
12345
04321
7 15 15 55 184 612 2088
1337228
0228228

Crpanuua 12 s 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apaya N. HacTtHoe n ocTaTokK

Vwms BxomHOrO (haiina: CTaHIAPTHHN BBOJ
Nwmst BeixosHOTO haiira; CTaHIAPTHHE BHBOZ,
Orpanudenne 10 BPEMeHHU: 2 CeKyHIbI
Orpanudenne 10 MAMSTH: 256 merabaii

Hamer nBa muorowtena A(z) u B(x) ¢ koaddurmenramu mo mozymio 998 244 353, deg A > deg B > 0.
CymecrByer e/uHCTBeHHOE npejcTasienne B Bujie A(r) = Q(z)B(x)+ R(x), rue deg R < deg B. Haiinure

Q(z) n R(x).
®dopmaTt BXOAHbIX AAHHbIX

B nepgoit crpoke comepxkarcs asa unciaa n um (0 < m < n < 50000) — crenens muorouieHa A u
crenenb MHorowiena B. Bo Bropoii crpoke cogepxkarcs n + 1 gwmcen ag, ..., a, (0 < a; < 998244 353,
an # 0). B Tperbeii crpoke comepxkarcst m + 1 qucen by, . .., by, (0 < b; < 998244 353, by, # 0).
dopmaT BbIXOAHbIX AAHHbIX

B nepsoit crpoke Beiseaure 1 —m + 1 koaddunuenr muaorowiena Q(z). Bo Bropoii cTpoke BbiBEUTE
m kodbduipenToB R(z) (BO3MOXKHO, ¢ BELyIIUMI HYJISAMHA).

Mpumep

CTaHIAPTHHHE BBOJ, CTaHOAPTHHHE BHBOZ,
32 998244351 5
10 11 10 31
132
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Yandex Algo 2023-2024. Mapannens A. FFT

Yandex, 18 Hosbpst 2023

3apgada O. Multipoint evaluation

VMg BxoaHoro haitna:
Wms BeIxomHOTO daiiia:
Orpann4enue 10 BpeMEHH:
OrpaHudenne 0 MAMSTH:

n—1

CTaHIAPTHHYU BBOJ
CTAHIAPTHHYN BHBOZ,
O CEeKyH/I

512 merabaiiT

— .l
(3 ) 7 b
Han muorouen f(x) = ) ¢z, a Tak xKe m TOYEK Po, P2

=0
JJIsT KaXKJI0ro P .

@dopmaT BXOAHbIX AAaHHbIX

., Pm—1. Haitaure f(p;) mod 998244353

[lepBas cTpOKa COIEPKUT JABa mebix uncaa n um (1 < n,m < 217).
Bropasi ¢cTpoKa COJEPKUT N TEIbIX IUCEIT Cg, C1, - - -, Cp—1 (0 < ¢; < 998244353).

Tpernbst cTpOKa CONEPKUAT M TEJBIX TUCET Pg, P1, - -

dopmaT BbIXOAHbIX AAHHbIX

pme1 (0 < p; < 998244353).

BeiBeure m qucest. i-e 4uciio j10JKHO ObiTh paBHO f(p;) mod 998244353.

MNpumepsbl

CTaHIAPTHHN BBOJ,

CTaHZAPTHHN BHBOJ

45
1234
56789

586 985 1534 2257 3178

11
10000000
10000000

10000000
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apava P. Jlorapudgpm

VMg BxoaHoro haitna: CTaHIAPTHHE BBOZL
Wwms Beixoanoro gaiia: CTAHIAPTHHYN BHBOZ,
Orpann4enue 10 BpeMEHH: 4 ceKyHIBI
OrpaHnudenue 1o IaMsITH: 512 merabaii

n—1 )
Han dopmasbhblii crenennoit psiit f(x) = Y pa’, upu oM pg = 1. Haiigure log(f(x)) mod z™.
1=0

n—1
DopmasbHO, HafiuTe Takoi crenennoi psax g(z) = Y. bz’ aro by =0 u
=0

Bce omeparuu BoinosinsoTes mo Moayiio 998244353.

@dopmaT BXOAHbIX AAaHHbIX

[TepBasi cTpoOKa COMEPKUT €UHCTBEHHOE Tieaoe dnciao n (1 <n <5 - 105).

Bropasi ¢cTpoKa COIEP:KUT N IEJbIX YUCET Po, P, - - -, Pn—1 (0 < p; < 998244353). T'apanTupyercsi, 4To
po = 1.
®dopmaT BbIXOAHbIX AAHHbIX

BoiBeure n 1esIbIX UHCEI. -€ YHUCJIO JOJIXKHO OBITH PaBHO KO3 PUIUEHTy b; 1.

lNpumepsbl
CTaHIApPTHHN BBOJ, CTaHZApTHHN BHBOJ
5 01234
1 1 499122179 166374064 291154613
1 0
1
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgaya Q. IKcnoHeHTa

Vwms BxomHOrO (haiina: CTaHIAPTHHN BBOJ
Nmst BuIXOIHOTO (haiiia: CTAHZAPTHHE BHBOZ,
Orpanudenne 10 BPEMeHHU: 4 cexkyHJIBI
Orpanudenne 10 MAMSTH: 512 merabaiir
n—1 )
Han dopmanbublii crenennoii psag f(x) = > pia’, npu Tom pg = 0. Haitaure exp(f(x)) mod z™.
i=0

n—1 )
dopmasbHo, HaliuTe Takoil creneHnoit pax g(x) = > bja’, 4ro
=0

3

~1
g(x) = f(lj)k mod x
P !

=0

n

Bce omeparuu BeIOMHATOTCS 10 Momymio 998244353.

®dopmaT BXOAHbIX AAHHbIX

[TepBasi cTpOKa COAEPKUT €UHCTBEHHOE Tieaoe yuciao n (1 <n <5 - 105).

Bropasi cTpoka COIEep:KUT N MEJBIX YUCEIL Pg, P1, - - - s Pn—1 (0 < p; < 998244353). FapanTupyercs, 9ro
po = 0.
dopmaT BbIXOAHbIX AAHHbIX

BriBesinTe 1 1MEJIBIX UHCEN. 1-€ YUCJI0 JOJIKHO OBITH PaBHO K03hduruenTy b; 1.

Npnmepsbl
CTAHIAPTHHY BBOJ, CTaHZAPTHHN BHBOJ
5 1 1 499122179 166374064 291154613
01234
1 1
0
2 1 228
0 228

Crpanuua 16 us 18



Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apayva R. CBaA3Hble packpalleHHble rpadbl

VMg BxoaHoro haitna:
Wms BeIxomHOTO daiiia:
Orpann4enue 10 BpeMEHH:
OrpaHudenne 0 MAMSTH:

Haii/ure 4mciio CBSI3HBIX IIOMEYEHHBIX (TO €CTh, BEePIINHBI IPOHYMEPOBAHbI YUCJIaMU OT 1 J10 n) rpa-
¢OB, B KOTOPBIX KazKkj0e pedbpo MmokpalieHo B oanH u3 k mseroB. /IBa rpada canmTaioTcs pasHBIMU, €CJIN

CTaHIAPTHHE BBOZL
CTaHAAPTHHH BHBOZ,
2 ceKkyHJIbI

256 merabaiiT

y HUX pa3Hble MHOXKeCTBa pebep, b0 Kakoe-TO pedpPo pacKpallieHo B pa3HbIe IIBETa.

CDopmaT BXOAHbIX OAdHHbIX

Hano apa uncnan u k (1 <n <100000; 1 <k < 109) — YHCJI0 BEPIINH W YNCJIO IIBETOB pebdep.

@dopmaT BbIXOAHbIX AAHHbIX

BriBeiure qncsio cBA3HBIX HOKpaIIeHHBIX rpadoB mo Moy 998 244 353.

lNpumepsbl
CTaHIApTHHI BBOJ, CTaHZapTHHN BHBOJ
32 20
51 728
998 244353 388393006
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Yandex Algo 2023-2024. Mapannens A. FFT
Yandex, 18 Hosbpst 2023

3apgauva S. OuepegHas ctoumocTb rpada

VMg BxoaHoro haitna: CTaHIAPTHHE BBOZL
Wwms Beixoanoro gaiia: CTAHIAPTHHYN BHBOZ,
Orpann4enue 10 BpeMEHH: 3 CEeKyH/IbI
OrpaHnudenue 1o IaMsITH: 512 merabaii

PaccmoTprM HEOpHEHTUPOBAHHBIN HEB3BeleHHbIH rpad Ha n BepmmHax. [Tycrs f(v, 1) — KonuvecTBO
OPOCTBIX MyTell MeXK/Iy BepIIMHAME ¥ U U (CIUTAEeM, 9TO U # U).

Iano quciio k or 0 1o 3, a tak ke k + 1 wmcyio Ag,..., Ag. Pacemorpum rpad, aro s Becex map
BepIH v U 4 BepHO, 910 f(v,u) < k. CromMocThb Takoro rpada paBHa

| Y

1<v<usn

Bam mano gucimo N. s kaxkjaoro n or 2 1o N mnocuuTaiiTe CyMMapHyIO CTOUMOCTD IO BCEM TaKHM
rpadaM Ha n BepmrHAX 110 MOIYJI0 998244353.

(DopmaT BXOAOHbLIX OAHHbIX
IlepBasi cTpoKa cojiepsKuT jsa meabix ancaa N n k (1 < N < 10%,0 < k < 3).
Bropasi ctpoka conepxkut k + 1 ancio Ay, ..., Ar (1 < A; < 998244353).
dopmaT BbIXOAHbIX AaHHbIX

BriBenure m — 1 4mcyio. i-e 9UCIO JIOJXKHO OBITH paBHO CyMMe CTOMMOCTell Bcex rpadoB Ha i + 1
BepIImHe 0 Momysio 998244353.

lMNpumepsbl
CTaHIAPTHHHE BBOZ, CTaHIAPTHHE BHBOZ,
40 2 8 64
2
51 7 327 96721 169832849
34
6 2 11 1566 3000672 306031599 466869291
567
73 17 5427 31856976 326774674 449014006 997476587
89 10 11
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