CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apaua A. I'mrapa

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

CriaTh AHEM HeAb3s!

A. C. NomatTux

AeBouka CoHs Bcerpa 0epé€T ¢ cobol B mmoxop rurapy. OpHa>kAbl BeuepoM COHS U €€ Apy3bs
cOoOpaAnuCh BOKPYT KOCTpa M CTAaAU IIeTh IIeCHU. Bce O4eHB YTOMUAUWCH, IIO3TOMY PELIMAH, YTO
Ka’KABIM ChITpaeT He OOAbIIIe OAHOM IEeCHM 3a 3TOT Beuep — 3TO MOMOKET paHbllle YUTHU CIaTh.

[MTocae TOro, Kak OouepeAHOM UEeAOBEK HCIIOAHUA IIEeCHIO, OH IIePepAaET TUTapy YeAOBeKY, KOTOo-
poro 3apaHee BbIOpaA, a caM yXOAUT cIaTh. ECAM >Ke OKa3bIBaeTCsl, UYTO TOT BHIOPAHHBLIM YeAOBEK
y>Ke He CUAUT Y KOCTPQ, CHaTh YXOAUT BCS KOMIIaHUS.

Kpome Toro, Kak TOABKO y YeAOBeKa CHIIPaloT oba ero cocepa, eMy CTAaHOBUTCSA CKY4YHO, U OH
TOXKe YXOAUT CIaTh.

OnpepeAnTe, B KAKOM MOPSAAKE AIOAM OYAYT MI'paTh Ha TUTape.

(I)opMaT BXOAHBIX AAdHHBIX

B mepBo#l CTpOKe BXOAHBIX AAQHHBIX 3alMCAHO ITeAOe YHCAO 1 — KOAWYECTBO pebsaT y KocTpa
(3 < n < 100000). Bo BTOpOI CTPOKE 3alIMCAHBI N UMCEA, OTPA’KAIOLINX IPEAIIOUTEHUS: {-€ UHUCAO —
3TO HOMEp YeAOBeKa, KOTOPOMY i-B YeAOBEeK XOTeA Obl IepepaTh I'MTapy. /AIOAU IIepedUucAeHbl B
opsiAKe 00Xopa IMTPOTHUB YaCOBOU CTPEAKU.

WznauaabpHO rutapa y CoHm, KoTopasd nMmeeT HoMep 1. ['apaHTupyeTcs, YTO HUKTO He IIAaHU-
pyeT IepepaBaTh IruTapy cam cebe.

@dopmaT BHIXOAHBIX AAHHBIX

B mepBo¥ CTpOKe BBIBEAUTE IIeA0€ YHCAO — KOAMYECTBO IIeCEH, KOTOpble OYAYT WCIOAHEHBI
3TUM BeuepoM. B caepytoleli CTpoKe BhIBEAUTE HOMEpPA AIOAEH, KOTOphie OYAYyT UTpaTh Ha TUTAape,
B TOM IIOPSIAKE, B KOTOPOM OHU OYAYT 3TO AEAQTh.

IIpumep
cmaHOapmHE BBOO CmaHOapmMHE BHBOO
5 3
33512 135
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apava B. Pazpe3zanue rpaga

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

AaH HeopueHTUPOBAHHBIU I'pad. Hap HUM B 3aAaHHOM IIOPSAKE IIPOU3BOAAT OIEPALIAU CAEAY-
IOLIWX ABYX THUIIOB:

e cut — paspesars rpad, TO eCTb YAAAUTH U3 Hero pedpo;

e ask — IIpOBEpPUTH, AeKaT AU ABe BEpIIMHBI I'pada B OAHON KOMIIOHEHTEe CBSI3HOCTU.

HM3BecTHO, UTO HOCAe BBIIIOAHEHUSI BCeX oOllepalui Tuiia cut pébep B rpage He OCTAAOCh.
HalipuTe pe3yAbTaT BHIIIOAHEHMS Ka>*KAOW M3 Ollepalluil Tulla ask.

(I)OpMaT BXOAHBIX AAHHBIX

IlepBas cTpoKa BBOAA COAEP’KUT TPU LIEABIX YUCAQ, PA3AEAEHHBIX IIPpOOeAaMU — KOAUYECTBO
BepIInH I'pacda n, KOAUIeCTBO pédep m M KOAN4YecTBO onepanui k (1 < n < 50000, 0 < m < 100 000,
m < k < 150000).

Chaepyroniue m CTPOK 3aAQI0T peédpa rpada; ¢-asd U3 3TUX CTPOK COAEP’KUT ABA YUCAA U; U U;
(1 < w4, v; € n), pazperéHuble TpoberaMy — HoMepa KOHIOB ¢-TO peOpa. BepiiuHbl HyMepyloTCs C
eAVHUIBI; Tpad He COAEP’KUT MeTeAb M KPaTHBIX pPEdep.

JAanee CAeAYIOT k CTPOK, OMMCHIBAIOIMX ollepanmu. Omnepaliusd THUNa cut 3apaéTcd CTPOKOU
«cut u v» (1 < u,v < n), KOTOpasg O3HAYAET, YTO U3 I'pada yAAAAIOT PeOpo MeXKAY BepIIuHAaMU
u 1 v. Onepanusa Tuma ask 3apaércsa cTpokou «ask u v» (1 < uw,v < n), KOTOpasi 03HaAYaeT, UTO
HeOOXOAUMO Y3HAaTh, A€KAT AU B AQHHBINM MOMEHT BEpPIIUHEL U U U B OAHOU KOMIIOHEHTE CBI3HOCTHU.
lapanTHupyeTcd, 4TO Ka’kpoe peOpo rpada BCTPETUTCSA B Olepalludax THIA cut POBHO OAMH Pas.

(I)opMaT BBIXOAHBIX AAdHHBIX

AAs Ka’KAOU oIlepalluM ask BBIBEAUTE B OTAEABHOM CTPOKe CAOBO «YES», eCAM ABe YKa3aHHBIe
BEPIIWHBI A€JKaT B OAHOM KOMIIOHEHTE CBSI3HOCTHU, U «NO» B IIPOTUBHOM CAydae. [TopsiAOK OTBETOB
AOASKEH COOTBETCTBOBATH IOPSAKY Olepariuil ask Bo BBOAE.

IIpumep
cmaHOapmHE BBOO CcmaHOapmHE BHBOO
337 YES
12 YES
2 3 NO
31 NO
ask
cut
ask
cut

ask
cut
ask
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apaua C. CucteMa HenepeceKalnnxcsls MHOKECTB

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHunyeHue Mo BpeMeHH: 5 cekyHA
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

Cucmema HenepecekarwWUXCA MHOXeCmB — CTPYKTypa AAQHHBIX, XpaHAIlasg AASL HEKOTOPOTO
MHOJKECTBa ero pas3breHre Ha IIOAMHOKECTBa B Ka’KAbIM MoMeHT BpeMeHU. OHa ITOAAEpP KUBA-
eT ABe OIlepalluM: CAUSHHE ABYX ITOAMHOJKECTB M IIPOBEPKY HPUHAAAEKHOCTU ABYX 3AEMEHTOB
OAHOMY TIOAMHOYKECTRBY.

B aToM 3apaue CTPyKTypa HUCHOAB3yeTCs TakK. AaH rpad U3 n BepllWH, U3HAYAABHO HE UMEIO-
mun pedep. B rpad mocaepoBaTeABHO MpepAaratloTcs pedpa AAS AoOaBAeHMA. Ka)kKAbIM pas, KoTAa
IpepraraeTca pebpo MeXXAy KaKMMU-TO BEPIIMHAMU U M ¥ Beca ¢, CAEAYeT IIPOBEPUTH, A€KAT AU
Ha 3TOT MOMEHT u M v B OAHOM KOMIIOHEHTe CBsI3HOCTHU. EcAm aAa, pebpo urHopupyetcs. Ecau ner,
pebpo paobaBasgeTca B rpad.

HatiauTe cymMMapHBIN Bec pebép, A0OOAaBAEHHEBIX B rpad mocAe BceX yKa3aHHBIX OIlepalinii.

dopMaT BXOAHBIX AAHHBIX

B mepBo# cTpoKe 3apaHbl yepes IIpoben IeAble UhcAa n U k — KOAMYEeCTBO BepHIuH B Ipade u
KOAMYECTBO CTPOK, OMHCHIBAIOMMX pébpa (1 < n < 107, 0 < k < 10°).

B caepyrommx k cTpokax 3apaHbl péopa. Kaskpas m3 HUX mMeeT BUA u v ¢ Au Av Ac m
0 < uv<n 0<ec< 10 |Aul,|Av],|Ac| < 10°, 1 < m < 107, Bce uucAa B CTPOKe IleAble).
Takas cTpoka O3Ha4aeT, YTO MOCAEAOBATEABHO IIOCTYIIAIOT IIPEAAOKEHUHS O AOOaBA€HUU B rpad
m pedep. IlepBoe n3 HUX — peOpO MeXAY BepIIMHAMH v U v, UMelollee Bec c. Bropoe — peGpo
Mexpy (u+ Au) mod n u (v+ Av) mod n, umetomee Bec (c+ Ac) mod 10%, u Tak paree. [Tocrepnee
13 3TUX m pédep coepmHseT BepmnuHbL (u+ (m—1)-Au) mod n u (v+ (m—1)-Av) mod n, a ero Bec
paseH (¢ + (m — 1) - Ac) mod 10°. HanomamuM, uTo 7 mod y — 5TO HaMMeHbIIlee HEOTPUIIATEABLHOE
YMCAO 2z TaKOe, YTO BEAMUYUHA z — & AEAUTCS HAlleAo Ha .

OO011lee KOAMYECTBO IIpPeAAaTaeMbIX peébep, paBHOe CyMMe YHCeA m BO BCeX CTPOKaX, He IIpe-
BocxopuT 107. Cpear IIpeararaeMbIX pébep MOryT ObITh KpaTHEIe pé6pa u meTau. O6paTuTe BHU-
MaHWe Ha TO, UTO BEPUIWHEI B rpade HYMEPYIOTCA C HYAS.

(I)opMaT BBIXOAHBIX AAdHHBIX

B miepBO# CTpOKe BHIBEAUTE OAHO YUCAO — CYMMAapHBIN Bec pébep, A0OABAEHHBIX B I'pad IIOCAe
BCEX YKA3aHHBIX Ollepaluu.

IIpuMepsl
cmaHOapmuHEU BBOO CcmaHOapmHHU BHBOO

8 3 29

0112204

0121105

0 369 12 15 2

41 3

1211112
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apava D. AekcuKorpadpunuyecKn MUHUMAaAbHAs MMOACETh

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

Tel AyMaelnb mo-gnoHcku! Ecan B3siacs
AyMaTb — AyMal MOo-HeMelKwu!

Neon Genesis Evangelion

Pel1 AgramMu n3y4yaeT CeTU U3 I'eHETUYECKU MOAUDUIIMPOBAHHBIX AepeBbeB. CeTbIO Ha3bIBa-
eTcss Habop AepeBbeB, COEAUHEHHBIX ABYCTOPOHHUMU OMOKOpAAMH. BUOKOpABI TPOHYMepOBaHBI
IIOCAEAOBATEABHBIMU IIEABIMU YUCAAMU, HAUUHASA C eAMHULBI. Ka>kABIU OMOKOPA COEAUHSIET POBHO
ABa Pa3AUYHBIX AepeBa.

IMoaceTb — 3TO TOAMHOXXECTBO OMOKOPAOB ceTH. [loaceTh S yCTOMUYUBA, €CAU:

e MEXXAY AIOOBIMHU ABYMSI Pa3AMUYHBLIMHU ACPEBBSIMU €CThb IYTh U3 OMOKOPAOB S,

e HUKAKOe COOCTBEHHOE IMOAMHOXKECTBO S He 00AapaeT 3TUM CBOUCTBOM.

ITopceTr MOKHO CpaBHUBATh AeKCUKOrpaduuecku. UTOOBI 3TO CAEAATh, CAEAYET 3aIlUCaTh HO-
Mepa OMOKOPAOB IIOACETU B BO3pPACTAIOIIEM IIOPSIAKE, IIOCAE€ Yero CPaBHUTH AeKCUKOrpaduiecKu
IIOAy4YeHHBIe IIOCACAOBATEABHOCTH YMCeA. HamoMHuM, 4TO ITIOCACAOBATEABHOCTD a1, A2, ..., Op ACK-
cukorpaguuecku MeHbUle IOCAEAOBATEABHOCTH by, ba, ..., by, €CAM AN MMHMMAABHOTO i, AASI KO-
TOPOTO a; # b;, BEPHO a; < b;.

Pel1 Hy>KHO HalTH OAHY KOHKPETHYIO IIOACETH 3aAaHHOM CeTU. Bo-IIepBhIX, 3Ta OACETh AOAJKHA
OBITh YCTOMYUBOM. BO-BTOPBIX, €CAU YCTOMYUBBIX ITOACETEN HECKOABKO, HY KHA Ta U3 HUX, Y KOTO-
po¥ cyMMapHas AAMHA OMOKOPAOB MUHHMAABHA. B-TpeTbUX, €CAM U TAaKUX MOACETEM HEeCKOABKO,
U3 HUX HY’KHA AeKCUKOrpaUiyeCKU MUHUMAAbHAas.

Pelt cunTaeT, 4TO CIIpaBUTCSA C 3TOU 3aAaUel 3a HECKOABKO MUHYT. A CMO’XeTe AU BBl 3TO
CAeAATh?

dopmaT BXOAHBIX AQHHBIX

ITepBasg CcTpOKa BXOAHBIX AQHHBIX COAEP’KUT ABa IIEABIX YKWCAA 1 M M — KOAWYECTBO TeHe-
TUYECKU MOAMMUIIMPOBAHHBIX AEPEBBEB U KOAMUYECTBO ABYCTOPOHHUX OMOKOPAOB MEKAY HUMU
(2 < n £ 100000, m < 100000). Ka>kpast M3 CAEAVIOUIMX M CTPOK COAEP’KUT TPU IIEABIX YHC-
Ad: HOMEepa AepeBbeB, COEANHEHHBIX OYEpPEeAHBIM OMOKOPAOM, M AAUHY 3TOr0 OMOKOpAA. AAWHBI
OMOKOPAOB HeoTpHuIaTeAbHBI U He mnpeBocxopdaT 100000. 'apanTupyeTcs, 4TO BXOAHBIE AQHHBIE
TAKOBBI, UTO OTBET CYILIEeCTBYyeT.

@dopmaT BBIXOAHBIX AAHHBIX

BreiBepuTe n—1 unca0: HOMepa OMOKOPAOB B MCKOMOU ITOACETH. BHOKOPABI HYMEPYIOTCS [EABIMU
4yrcAaMu OT 1 A0 m B TOM TOPSIAKE, B KOTOPOM OHM 3aAaHbl BO BXOAHBIX AQHHBIX.

IIpumep

cmaHOapmHE BBOO cmaHOapmHE BHBOO
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apavya E. CHM n nepcucTeHTHOCTh

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

Bamra 3apaua — peaausoBaTh Persistent Disjoint Set Union (mepcucTeHTHYIO cHCTeMy Hellepe-
CeKamIUXCsId MHOXEeCTB). UTO 3TO 3HAUUT?

ITpo Disjoint Set Union:

HM3HauyaAbHO ¥ Bac €CThb 1 3AEMEHTOB, TPOHYMEPOBAHHBIX IIEABIMHU YHUCAAMU OT 1 A0 n U AeXKa-
IINX KaXABIM B CBOEM MHOXXeCTBe. Hy>KHO HayuuThCsa 00pabaThIBATh ABA THIIA 3AIlIPOCOB.

e + a b — 00BEAVHUTH MHOKECTBA, B KOTOPBIX A€XKAT 3AEMEHTHI a U b
e ? a b —cCKasaTh, AeKaT AWM SAEMEHTHI a U b cefiuac B OAHOM MHO’KECTBE

I'Tpo Persistent:
Teneps y Hac OyAeT HECKOABKO KOIIMU (BepCHUM) CTPYKTYPHI AaHHBIX Disjoint Set Union.
3ampochl OYAYT BBITASIATE TaK:

e + 1 a b—3ampoc K -1 CTPYKType: OOBEAMHUTL MHOKECTBA, B KOTOPBIX A€KAT SAEMEHTHI
a u b. [1pu 3TOM ¢-51 CTPYKTypa OCTAaETCS HEU3MEHHOM, CO3AaETCSA HOBas Bepcusd, el IIpucBa-
MBAETCSA HOBBIU HOMep (KaKOM? YMUTaNTe AAABIIE)

e ? 1 a b—3ampoc K ¢-¥i CTPYKTYype: cKa3aTh, AeXaT AU B Hel SAeMeHTHl a U b B OAHOM
MHO>KeCTBE

dopMaT BXOAHBIX AAHHBIX

B mepBol CTpOKe 3aAaHBI ABA IIEABIX YKHCAQ: YMCAO JAEMEHTOB B CTPYKType N M YHUCAO 3a-
npocoB K (1 < N < 10%, 0 < K < 10°). M3HauaAbHas KONMs (BepCHsi) CTPYKTypPhl MMeeT HoMep
0.

Aanee caepayioT K CTPOK, B Ka’KAOM U3 KOTOPBIX 3alllCaH ouepeAHoU 3ampoc. GopMaT 3aIpocoB
OIIMCaH BHIIIE. 3aPOChl HyMepyIOTCA IeAbIMU uncAaaMu oT 1 oo K. Ilpu o6paboTke j-ro 3ampoca,
€CAU OH UMeeT BUA «+ 1 a b», HOBas BepCHUA IIOAYUYUT HOMED j.

@dopmaT BRIXOAHBIX AAHHBIX

AAs Ka’kAOI'oO 3aIpoca BUAa «? 1 a b» B OTAEABHOU CTPOKe HY’KHO BBIBECTU «YES» MAU «NO».

IIpumep
cmaHOapmHE BBOO CcmaHOapmHE BHBOO
4 7 NO
+ 012 YES
2012 YES
2112 YES
+ 12 3 NO
? 4 31
2 0 4 4
? 41 4
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apava F. [Touck cymMMBI Ha OTpe3Ke

Nma BxopHOTrO hatina:
Nwmsa BeixopHOTO (havira:
OrpaHudeHue IO BpeMeHU:
OrpaHuyeHHUe TI0 MTaMATH:

3apaHa MOCAEAOBATEALHOCTH ITEABIX umceA A AAMHBI N. AAS Ka)KAOM 3aAAHHOM MHaphbl YMCEA
(k,l) TpebyeTcss HAUTHU 3HAYEHUE CYMMBL SAeMEHTOB B IIOCAEAOBATEABHOCTU A, HAaUWHAsA C UHAEKCA

k 1 3aKaHYMBas MHAEKCOM [.

dopmaTt BXOAHBIX AAHHBIX

B mepBoM cTpoke BXOAHBIX AA@HHBIX COAep>kaTcd ABa yucraa N U M — KOAUYECTBO SAEMEHTOB
nocaepoBaTeAbHOCTH 1 < NV < 100000 1 KoamdecTBO 3ampocoB 1 < M < 100000. B caepytomiett
CTPOKe uepes mpoben IMepeurnCAeHbl SAeMEHTHI II0CAeAOBATEeABHOCTH A. Bce uncaa He IIpeBbIIIao0T
rpaHull 32-6UTHOTO YHCAA CO 3HAKOM. [locaepyromime M CTPOK copep’KaT IO ABa 4yucaa (k,l) —

cmaHOapmHEIl BBOO

cmaHJdapmHEIll BEIBOO

2 CeKyHABI

256 MmebubauT

HAQYaAO W KOHeEI OTPE3KOB, Ha KOTOPBIX TpQGYGTCH HaWTH CyMMYy SA€MEHTOB.

@dopmaT BBIXOAHBIX AAHHBIX

BbIBeAHTe CYMMEBI SA€MEHTOB ITIOCACAOBATEABHOCTU A Ha 3dAAHHEBIX OTpe3KaX AAA BCeX 3allpo-

COB.

IIpumep

cmaHOapmHEU BBOO

CmaHOapmMHEU BHBOO
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

BaAaqa G. ITouck MHWHHUMYMA Hd OTPE3KeE

Nma BxopHOTrO hatina:
Nwmsa BeixopHOTO (havira:
OrpaHudeHue IO BpeMeHU:
OrpaHuyeHHUe TI0 MTaMATH:

3apaHa MOCAEAOBATEALHOCTH ITEABIX umceA A AAMHBI N. AAS Ka)KAOM 3aAAHHOM MHaphbl YMCEA
(k,l) TpebyeTca HaWTM 3HaUeHHE WHAEKCA MHUHHMAALHOI'O JAEMeHTa B IIOCAEAOBATEeABHOCTH A,

cmaHOapmHEIl BBOO
cmaHJdapmHEIll BEIBOO
2 CeKyHABI

256 mMebubamT

Ha4MHAasA C MHAEKCA k m 3aKaHYMBas HMHAEKCOM l.

dopmaTt BXOAHBIX AAHHBIX

B mepBoM cTpoKe BXOAHBIX AA@HHBIX COAep>kKaTcd ABa yucraa N U M — KOAUYECTBO SAEMEHTOB
nocaepoBaTeAbHOCTH 1 < NV < 100000 1 KoamdecTBO 3ampocoB 1 < M < 100000. B caepytomiet
CTPOKe uepes mpoben IMepedrnCAeHbl SAeMEHTHI II0CAeAOBATEABHOCTH A. Bce urcaa He IIpeBbIIIaoT
rpaHull 32-6UTHOTO YHCAA CO 3HAKOM. [locaepyromime M CTPOK copep’KaT IO ABa 4yucaa (k,l) —
HavyaAO U KOHeIl OTPEe3KOB, Ha KOTOPHIX TpedyeTcs HaWTH MHAEKC MUHHUMAABLHOTO 3AE€MeHTa.

@dopmaT BBIXOAHBIX AQHHBIX

BbIBeAHTe MHAEKCBI MUHUMAABHBIX 3A€MEHTOB IIOCAEAOBATEABHOCTH A Ha 3dAAHHEBIX OTpe3Kax

AASL BCeX 3aIIPpOCOB.

IIpumep

cmaHOapmHEU BBOO

CmaHOapmMHEU BHBOO

(GO RN N )
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CIIoT'Y, 2021-2022 y4eOHBIN T'OA, IEPBBIU KypC
CTpyKTyphL AQHHBIX, YeTBepr, 18 HoA0pa 2021 ropa

3apada H. AAJKY

VMmst BxopaHOTO (hatira: cmaHOapmHEU BBOO
Hmsa BeIXOAHOTO (haiira: cmaHOapmHEI BBEIBOO
OrpaHuudeHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHUe MO MaMITHU: 256 meOubauT

Ha mat-mexe, B aypautopuu 00, cTouT OeCKOHEYHOE KOAWYECTBO IIApT, PACCTABAEHHBIX B PIA
U IIPOHYMEPOBAHHBIX IIEABIMU [TOAOKUTEABHBIMU 4nuCcAaMU. CeropHsS B 3TOM ayAUTOPUU IIPOXOAUT
3K3aMeH II0 AuHeMHOMY AHaauzdy JKyTKuX YpaBHeHHU. BpeMs OoT BpeMeHM NPUXOAAT CTYAEHTHI.
Ka>kABIM CTYAEHT 3HAET, 3@ KaKyIo IIapTy OH XO4eT CeCTh, HO Ha 9K3aMeHe ABYM CTYACHTAM HeAb3d
CHAETh BMECTe, II03TOMY, €CAM IIapTa 3aHATA, OH 3aHUMAET MePBYIO CBOOOAHYIO NAPTYy C OOABIINM
HOMEPOM (IIOAAABIIIE OT IIPEIIOAABATEA).

Kpome Toro, HEKOTOpBIE CTYAEHTHI HE CAQIOT 3K3aMeH M YXOA4T. Ilocae 3TOro 3a mapTy, KOTO-
PYIO 3aHUMAaA YIIEAIIUH CTYA€HT, MOJKET CeCTh BHOBb ITPHOBIBIINIM.

IlpenopaBaTeAb 3HaeT, KOTAA CTYAEHTHI OYAYT IIPUXOAUTH U KOTAA OHU OYAYT YXOAUTH YUUTH
3aHOBO. BaM TpebyeTcs 1o 3ToM nHPOPMAIUM Y3HATh, 3@ KAKOU IapTol OyAET CUAETH Ka>KABIU U3
CTYAEHTOB (UTOOBI 3apaHee IIOAOKUTh TyAd KOHCIIEKT).

@dopmaT BXOAHBIX AAHHBIX

IlepBasg cTpoKa BXOAHBIX AQHHBIX COAEP)KUT HATYPAABHOE UMCAO 7 — KOAMYECTBO COOBITHH,
MIPOUCXOAAIINX B TeueHUe sk3amMeHa (n < 100 000).

Chaepyroniue n CTPOK COAepyKaT MHPOPMANUIo 00 3TUX COOBITUAX. Hucao a > 0 o603Ha4aer,
UTO NPUIIEA CTYAEHT, JKeAAIoUIUM 3aHATh HapTy HoMep a (a < 100000). Hucro a < 0 obo3HaUaET,
4TO CTYA€HT OCBOOOAMA NApPTy C HOMepoM —a. (I'apaHTHpyeTcsd, 4TO OH 3a Hel AEWCTBUTEABHO
CHAEA.)

@dopMaT BBIXOAHBIX AQHHBIX

AAST KaXKAOTO CTYAEHTA BBIBEAUTE OAHO ITeAO€ TTOAOKUTEABHOE YUCAO — HOMEP HapThl, KOTOPYIO
OH 3alMET.

IIpumep
cmaHOapmHE BBOO CmaHOapmMHEIU BEBOO
6 5
5 6
5 7
5 6
-6 8
5
5
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3apaua I. UYncaa Ha oTpe3ke

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

BoBa HaprcoBan Ha AOCKe FOPU30HTAABHYIO IIPSIMYIO, OTMETHUA Ha Hell N TOYeK U IIpOHyMe-
POBaA MX CAeBa HAIIPaBO HATypaAbHBIMU yncAaMm oT 1 po N. Ilocae sToro oH craa oOBOAUTH
HEKOTOphle TOUKU Kpy’>KOoukaMu. Bpems oT BpemeHnwu [laimia, 4TOOBI OTOpPBATh €r0 OT 3TOT'O 3aHd-
THS, CIpAalINBaeT ero, CKOAbKO TOYeK Ha OTpe3Ke OT A A0 B, BKAIOUMTEABHO, BoBa y>ke 0OBEA
KpykoukaMu. OTBeThTe [lallle Ha BCe ero BOIIPOCH], YTOOBI HE OTBAEKATh BOBY.

dopMaT BXOAHBIX AAHHBIX

B mepBoii cTpoKe BXOAHBIX AQHHBIX 3alUCaHbl ABa IeAbIX uncAaa N m K — KOAWYECTBO TOYEeK
Ha OTpe3Ke U KOAMYECTBO COOBITUM, cooTBeTCcTBeHHO (1 < N < 1000000, 1 < K < 100 000).

B caepyromux K cTpoKax 3apaHbBl COOBITHS B IIOPSAAKE, B KOTOPOM OHM CAy4YaAuCh. Kakpasd m3
3TUX CTPOK AMOO cOAepXKUT Iferoe uucAao C' or 1 Ao N, BRKAIOUUTEABHO, KOTOPOEe O3HaydaeT, 4To
BoBa 06BEA Kpy>KOUKOM TOUKy ¢ HoMmepoMm (', Aubo mmeeT Bup «0 A B», tae 1 < A< B < N,
4TO O3HauaeT, uTo [lalra copocua, CKOABKO TOUeK Ha OoTpe3dke OoT A A0 B, BKAIOUMTEABLHO, yKe
00BepeHO KPY KOUKaMU.

BoBa 00BOAUT Ka’kKAyIO TOUKY He OOAee OAHOTO pasa.

dopmaT BBIXOAHBIX AAHHBIX

BriBepuTe OTBeT Ha Ka’kKABIU BOIIPOC [laliv Ha OTAEABHOM CTPOKE B TOM MHOPSIAKE, B KOTOPOM
5TU BOIIPOCHI A@HBI BO BXOAHBIX AQHHBIX.

IIpuMmepsl
cmarOapmHHU BBOO CcmaHOapmHHU BHBOO

3 4 1
1 2
011

2

013

10 6 0
01 10 2
6

1

4

029

8
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3apava J. Touku m oTpe3ku

Nma BxopHOTrO hatina:
Nwmsa BeixopHOTO (havira:
OrpaHudeHue IO BpeMeHU:
OrpaHuyeHHUe TI0 MTaMATH:

AQ@HO 1 OTPE3KOB Ha YWCAOBOU HPAMOU U M TOUEK HA 3TOU Ke IIPIAMOMN. AAd Ka’KAOU U3 AAHHBIX
TOYEK OIPEeAEANTe, CKOABKHUM OTpe3KaM OHa HMPUHAAAEKUT. TOUKa T CUUTAeTCS IIpUHaAAAesKalleln
OTPe3KY C KOHIIaMH a U b, eCAU BBIIIOAHSETCS ABOMHOe HepaBeHCTBO min(a,b) < z < max(a,b).

dopmaT BXOAHBIX AQHHBIX

[TepBasi CTPOKAa COAEPIKUT ABA LIEABIX UMCAA: YUCAO OTPE3KOB n M 4ucAo Touek m (1 < n < 10°,
1<m< 105). B caepyromux n CTpoKax 3allMCaHbI IO ABa IIEABIX YMCAA a; U b; — KOOPAVMHATHI KOH-
IIOB COOTBETCTBYIOIIETO OTpPe3Ka. B mocaepHel CTpOKe 3aluCcaHbl m IIEABIX YHUCeA — KOOPAWHATHI
TOoueK. Bce unicaa BO BXOAHBIX AQ@HHBIX HE ITPEBOCXOAAT 10° 1o aBCOAIOTHOM BeAWUHUHE.

@dopmaT BBIXOAHBIX AAHHBIX

BbIBeAHTe m YHUCeA: AAA Ka}KAOI\;I TOYKH BBIBEANTE KOANMYECTBO OTPE3KOB, B KOTOPBLIX OHA CO-

ACPXKUTCA.

IIpumepsl

cmaHOapmHEIl BBOO
cmaHJdapmHEIll BEIBOO
2 CeKyHABI

256 mMebubamT

cmaHOapmHE BBOO

CmMaHOapmMHEU BHBOO

PR, JONDN
[
(@)

-10 10

-100 100 O
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3apava K. l'apMoHMYECKun psA,

VMmst BxOpAHOTO (hatina: cmaHOapmHEU BBOO
Vimsa BBIXOAHOTO (haiira: cmaHOapmHsIU BEIBOO
OrpaHudeHue IO BpeMeHU: 2 CeKyHABI
OrpaHuyeHHUe TI0 MTaMATH: 256 mMebubamT

AaHo 11enoe 9ucAo n. BEIBepAUTE YHCAO, KOTOPOE IOAYUHUTCS B 7 TIOCAE BBHIIIOAHEHUST CAEAYIOIEeHn
TporpaMMbl Ha sI3bIKe, aHaAoTmdHOM C++:

r = 0;
for (1 = 1; 1 <= n; i++)
for (j = 1i; j <= n; j += 1)
r += 1;
Bce nepemeHnHbIe — 64-O0UTHBIE TIeAbIe UMCAA CO 3HAKOM.
@dopmaT BXOAHBIX AAHHBIX

B mepBoii cTpoke 3amucaHo Heaoe uucro n (1 < n < 1014).

@dopmaT BHIXOAHBIX AAHHBIX

B mepBoO¥ CTpOKe BBIBEAUTE OAHO IIeAOE€ UHCAO 7 — 3HAUEHHEe Pe3yAbTaTa IIOCAE€ BBIIIOAHEHUS
ITpOTPaMMBblI.

ITpuMepsl
cmanOapmHHU BBOO CcmaHOapmHHU BHBOO
3 5
10 27
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3apada L. Criucok cremneHemn

VMmst BxopaHOTO (hatira: cmaHOapmHEU BBOO
Hmsa BeIXOAHOTO (haiira: cmaHOapmHEI BBEIBOO
OrpaHuudeHue 110 BpeMeHU: 3.5 ceKyHABI
OrpaHuyeHUe MO MaMITHU: 256 meOubauT

[TycTh 3apAaHO IIPOCTOE YMCAO p UM UMCAO a Takoe, 4To 0 < a < p. PaccMoTpuM Bce 4HcCAa OT
| AO T BKAIOUHTEABHO, IIPEACTaBUMbIe B BUAe aF mod p AAS KAKOT'O-TO IIeAOTO HEOTPUIATEABHOTO
uncaa k. I[lycTe m3BecTHO, 4TO Takux umuceA He Ooaee 100. BrIBepuTe BCe 3TH YMCAA B IOPSAKE
BO3pacTaHUs.

dopMaT BXOAHBIX AA@HHBIX

B eAMHCTBEHHOM CTPOKe 3aAaHBI Yepe3 MpobeA deThIpe IeAbIX YucAa p, a, L ur (0 < a < p < 107,
p npoctoe, 0 < I < r < p).
@dopMaT BBIXOAHBIX AQHHBIX

BeiBepmTe BCe umcAa OT [ AO r BKAIOUUTEABHO, IIPEACTaBUMBIE B BUAE a” mod p AAS KaKOT'O-TO
IIEeAOTO HEOTPHUITATEABHOTO YHUCAA Kk, B MIOPSAKE BO3PACTAHUS, PA3AEAIS COCEAHUE YHMCAA TTPOOEAOM.
lapanTupyeTcs, 4TO BXOAHBIE A@HHBIE TaKOBBI, UTO B IIPABUALHOM OTBeTe He 6oaee 100 umceA.

k

IIpuMmepsl

cmaHOapmHE BBOO CmaHOapmMHE BHBOO
5303 123

5423

ITosicHeHus1 K IpuMepam

B nmepBom mpumepe TpeOyeTcda HaWTH Bce 4yucAa OT | = 0 A0 7 = 3 BKAIOUHUTEABHO, KOTOpPbIE
MIPEeACTaBUMBI B BUAE 3% mod 5 arst HeKoToporo 1eaoro k > 0. Oto uncaa 3° mod 5 = 1, 3' mod 5 = 3
u 33 mod 5 = 27 mod 5 = 2. Yucao 0 He IIPEACTABUMO B TAKOM BHAE, IIOCKOABKY 3k He peamTcs Ha
5 HU AASL KAKOTO IeAroro k > (0. 3HaUUT, CAeAyeT BBIBECTH umcAd 1, 2 u 3 B IIOpsipAKe BO3pacTaHUS.

Bo BTOpOM mpumepe TpeOyeTcss HaWTH BCe YHUCAA OT [ = 2 A0 r = 3 BKAIOUMTEABHO, KOTOPEIE
mpeAcTaBUMBI B BuAe 4 mod 5 aast HekoToporo meaoro k > 0. BuimuireM mepBble HECKOABKO YHCEA
TAKOT'O BHAA:

49 mod 5 =1,

4! mod 5 = 4,

42 mod 5 =16 mod 5 = 1,

43 mod 5 = 64 mod 5 = 4,

44 mod5=256mod5=1, ....

MO>XHO AOKazaTh, YTO B 3TOU IIOCAEAOBATEABHOCTU BCTpPeYaroTcd AU yucAa 1 u 4. [Tostomy
CIIUCOK B OTBETE OYAET IIYCTHIM.
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