Bropoii kypc, ocennnii cemectp 2017/18
IIpakTuka 1o ajroputMam #4
Crpoku (6a3a, xern)

26 ceHTAOPs
Cobpano 26 centsiopst 2018 1. B 18:02

Conepxkanne
1. Crpoku (6a3a, xern)
2. Pa36op 3a/1a4 mpaKTUKMN

3. lomainHee 3ajaHue
3.1. OOS3aTENIBHAST TACTD « .« + « .« v o v e e e e e e e e e e
3.2. JIOMOTHUTETIBHAT TACTD . .+« « « o v v e v e e e e e e e e e e e e e



Anropurmer, ocenn 2017/18 [Tpaktuka #4. Crpoku (6a3a, xern).

Crpokn (6a3a, xermn)

Pasperraercs moJyib30BaThCs TOJIBKO MpeduKc-pyHKImeit, Z-pyHKiuei, Xemamu.

CyddukcHbIil MaccB — OTCOPTUPOBAHHBIN MACCUB Cy(HHUKCOB CTPOKN.
Kaxipiit cydpduke Kogupyercs mo3urueii HadaJia.

1. ged — Toxke mepuosn!
IIepuod crpoku s — auciio : s — npedukc s[0:x)>.

[lepuon HasbIBaeTCS YeABIM, €CIU T | |S].
Isl
2

[Iycts y cTpoku s ectsb mepuosbt a,b < 5. Jlokaxure, aro ged(a,b) — Toke mepro/.

2. B mouckax nmepuoja (1 1eJioro, u BemecTBeHHOro!)

a) Haiitn kpargaiimmmii mepuoj; crpoku Tpems criocobamu: KMII, Z-dyukims, xermn.
b) Haiitu BCe mepuojibl CTPOKH.

3. Iloac4uéT pa3ImYIHBIX TTOJCTPOK

a) Haiitu yncsio pasmuunbix nogctpok crpoku. O(n?). Ipa crnocoba: Z-pyHKIMs, Xelu.
b) HaiiTi oAcTPOKY JAHHON CTPOKH, BCTPEYAIOINLYI0 MAKCUMAIBHOE YHCIIO Pas.

4. CyddukcHbIii MacCuB M COPTUPOBKU
Hanbwr crpoka s. [loctpoiite eé cyddurcHblii Maccus.
a) O(n?logn).
b) O(nlog”n).

¢) Yro onrrMmasbHee HCIOIL30BaTh: SOrt mwin stable_sort?

5. Ilosumnusi ctpoku B cyddpuKcHOM MaccuBe
Haiitu nosunuio crpoku B ee cyddukcHoM mMaccuse. [Ba crocoba: Z-QpyHKIUs, XEIIn.

6. k-t cydpdpukc
Haiitu k-it B jiekcukorpadudeckoM nopsijake cydpduKe cTpoKu.
a) O(nlog®n).
b) O(nlogn).

7. Tlouck c omHoOIi OoImMMOKOIt
Hayunrhbesa nckars obpaser] B CTPOKe, eCJIH JIOMyCTHMO PA3JIndre B OJIH CUMBOJI MEXK Iy 00Pa3IoM
U HaWJIEHHON IOJICTPOKOI.

8. Ilouck c mepecTtaHOBKaMu CMMBOJIOB U aJjipaBUTA
Haiitu obpazer B cTpoke, ecjii JIOMYyCTUMO:

a) B obpasiie IPUMEHATD K aJi(aBUTy epeCTaHOBKY.
b) B 0o6pasiie mepecraBasiTh CHMBOJIBL.
c) B 00pasIie mepecTaBysiTh U aadaBUT, U CHMBOJIBL.

9. HaubGoJsbimasa aBaxkabl IMMOACTPOKA
Haiitu HanboJIbIIYIO 110 JITUHE CTPOKY, KOTOPasi ABaK bl 0€3 IepeKPhITHIT BCTpeUaeTCs B 38 1aHHOMN
crpoke. O(nlogn).
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Anropurmer, ocenn 2017/18 [Tpaktuka #4. Crpoku (6a3a, xern).

10.

11.

12.

13.

14.

15.

16.

ITanuaapomsbl

a) Haiitn kosmaectBo noanasmuapomos crpoku. O(nlogn).
b) Haiitn makcumasbablil mognaanaapoM crpoku. O(n).

BoccranoBienue crpoku o P u Z dyHKIusm
Ba O(n) BOCCTAHOBUTDH CTPOKY, €CJIM JTaHA €€

a) Z-pyHkius.

b) npedurc-pyHKImS.

(x) Monysnp B xemiax - 1
Bagaua: n < 10° pa3 cpaBHUTH Ha PaBEHCTBO JiBe HOJCTPOKH 5. XBAaTUT JI int-oro xema?

(*) Moaysb B xemniax - 2
MBI curTaeM YUCI0 pasInIHbIX 10AcTpoK xemamu 3a O(n?), n < 1000. XpaTur jin int-oro xemra?

(x) IIpedukcel, npeacraBuMbie B k-a[-Buie
st Kaxkaoro mpedukca CTPOKU IIPOBEPHUThH, IIPEJCTaBUM JIM OH B Buje afaf...q, e o u 3 —
[IPOU3BOJIbHBIE, BO3SMOYKHO IIYCThIE, CTPOKH, CTPOKA [3 TOBTOPSIETCS POBHO k pas.

(*x) Minimal cyclic shift
Haiitin MuHIMAIBHBIA [UKINIecKuil casur crpokn 3a O(n).

(x) Konurprect k (P, M)-xerry.

Janwr uncio P u momyins M.

[Tocrpoiite nBe pasmnanbie crpoku auHb 10 10 000, nmerorue pasabie (P, M )-xern.
a) 1< P < M<23.

b) 1< P <M <25,
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Anropurmer, ocenn 2017/18 [Tpaktuka #4. Crpoku (6a3a, xern).

Pa36op 3aja4 npakTuku

1. gcd — Toxke nmepuox!
ged(a, b) = xa + yb, y  u y pasuble 3Haku. Paz a + b < |s|, To B m000if TOUKe MOXKHO C/Ie/aTh
6o += a, b0 -= b, 3HAYAT, MOXKHO TAKUMHU MIPBIKKAMU OTCTYIIUTH Ha ged BIepeT NIl Ha3al.

2. B nmouckax nepmuoga
Ecrb mepuos junst ¢ < s[t,n) = s[0,n — t) < cyddukc, pasublii npedukcy.
KMIT: nepuosst n—p[n], n—plp[n]], n—plplp[n]]], .. ., ubo p[nl, p[p[n]], . .. — Bce cydduxco, papubie
npeuKcaM.
Z: 115t KaxKJ0r0 ¢ IPOBEPHUTD, ITO 2[t] = n — t.
Xermn: Jyist KazKa0ro ¢ mpoBeputh, 9to s[t,n) = s[0,n — t).

3. IloacuéTr pa3mYIHbIX ITOJCTPOK
a) Xemu: epebupaem x, KiaajeMm B unordered_set Xeln BeeX MOJCTPOK JJIMHBL ', CMOTPUM Size.

Z: B MOBUINHN | HAYUHAETCSI N—1i TOJCTPOK, BBIYTEM BCTPeUaBIIecs jesee, JmHbl [1..mli]].
vector<int> m(n, 0);

for (int i = 0; i < n; i++) {
auto z = zFunction(s + i);
answer +=n - 1 - m[i];
for (int j =i + 1; j < m; j++)
m[j] = max(m[jl, z[j - i1);

}

B o6omx pemennsx mamsars O(n), Bpema O(n?).
b) Jlwoboit cuMBOJI caMoii 9acToil MOJCTPOKU — TOXKE caMas Jacras HojacTpoka :) Ilpocro umem
CaMbIii YaCThIA CUMBOJL.

4. CyddukcHbIii MaCCUB U COPTUPOBKU
char s[n+1]; int p[n] {0, 1, 2, 3, ...};

a) O(n?logn) — sort(p, p + n, cmpl). Ouenb MajeHbKass KOHCTAHTA.
b) O(nlog®n) — sort(p, p + n, cmp2).

bool cmpl( int i, int j ):
return strcmp(s + i, s + j) < 0;

bool cmp2( int i, int j ):
int x = LCP(i, j); // 6unnouckom c zewamu
return s[i + x] < s[j + x];

sort cpaboraeT B pa3bl MejljleHHee stable_sort.

MergeSort BuyTpu stable_sort mesiaer mMensbllle cpaBHeHuil, 4eM QuickSort BHyTpu sort:
nlog,n — O(n) B xymmem nporus 2nlnn — O(n) B cpeHeM.

Ha camom gmene sort = IntroSort = QuickSort + HeapSort + InsertionSort, o0Oimiee Bpems
paboThl MeHbIle QuickSort, HO YMCJIO CpaBHEHUI OOJIBIIE.

Korna dyuknus cpaBHenns Tsikejas, onTuMasbHee stable_sort.

5. llosunus ctpoku B cyddpukcHOM MaccuBe
[Ipocto cpaBHUTH CTPOKY ¢ KaxkbiM cyddukcom. Xemamu 3a O(logn) Ha KazxKIblil.
Z: z[i] = lep(0,14), cpaBHUTH NepBbIe HeCOBIAIAONTIEe CUMBOJIBL: s[z[i]], s[i+z[i]], O(1) Ha cyddukc.
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6. k-t cydpdukc

Y nac ectb kommaparop 3a O(logn). Ero myxuo nepenars dyuknun sort (O(nlogn) Bbi30BOB),
60 dbyskipn nth_element (O(n) BBI30BOB).

7. Ilouck c omHOI ONMIMOKOIL

Niem s B t. Ilepebepem HaIaI0 BXOXKICHU 1.
Hrober npoBeputs 3a O(1), 6epem LCP t[i:] u s (Z-dbyukius), nociae LCP oxra omubxka.
Ocrasioch IpoBepuTh paBeHCTBO cybdukcos (xemm mu z(5#t)).

8. Ilouck c InmepeCTaHOBKaMM CMMBOJIOB 1 a.TICl)aBI/ITa

10.

11.

a) MoxkHo nepecraBiisaTh andasut. CunraeM MOAuMUIUMPOBAHHYIO NpedUKCe-DYHKIMO: ca-
MBIl JIJTUHHBIH cyddUKC TaHHON MO3UIUU, PABHBIN PEMUKCY ¢ TOYHOCTHIO JI0 TePECTAHOBKH
asipaBuTa. Takoit ke KOJI, KaK y 00bIYHO# Tpedukc-byHKINT, HO BHYTPU MOIU(MUITTPOBAHHOE
CpaBHEHME Ha PABEHCTBO. 3aBejieM MaccuB prev[i], mpeabiayinas mo3uiius cuMBosia s[i].
bool isEqual(int i, int j): // (s[0, i] == s[j - 4, 7]) <=> (s[i] == s[j])

if (prev[i] !'= -1) return s[j] == s[j - (1 - prev[i])];

else return prev[j] < j - i;
Pertenne #2, xermamu. /IBuzkenMcst 10 TeKCTy OKHOM JTHHBL |s|. [Tns kaxmoro cumsosta aJi-
dasuta ¢ OyjeM MOIIEPKUBATE h, «XEIll MHOYKECTBA O3UIIUIH, IJe 3TOT CUMBOJI BCTPEYAETCS.
Crpoka Haiiena, ecan MHOKeCTBa {h.} 71 ¢TPOK s 1 t coBmafaioT. UToObI IPOBEPATH ITO 3a

O(1), Hy?KHO TIO/IEPKUBATD JIJIs KayK10r0 u3 MHozxKecTs xermt H = Y Q" mod M.
C
b) B obpa3siie s MOXKHO IIePeCcTaBJISITh CUMBOJIBIL. M 16M 110 TeKCTy, JIj1si OKHA TEKCTa JIJINHBI | S|

MOJIJIEP2KUBAEM MacCUB 9acTOT count [char] m Ko/im4ecTBO COBIIa/IeHNIT ¢ MACCUBOM YaCTOT S.

c) B oGpasne MOXXHO mepecTaBiisiTb U aadaBUT, U CUMBOJIBI. V1EM [0 TEKCTy, JIs OK-
Ha, MOJJIEPKUBAEM MaCCHUB 9acTOT d9acToT count [count [char]] m Kosm4uecTBO COBIaJEHUI C
AHAJIOTMIHON KOHCTPYKIIHeH i1t oOpasIa.

Hauboabniass ABa>kK/1bl IIOJICTPOKA
Bunapubrit mouck mo orsery. BuyTpu Oumnmomncka i KaxKJ0ro Xella MOJCTPOKH JITUHBI & B
unordered_map 3alOMIHAEM CaMoOe JIEBOE U CaMoOe ITPaBOe BXOXKIEHUS MOJ/ICTPOKH.

IHamuuapoMmbl
B oboux myHKTax Hy>KHO OTJIEJIbHO PEIINTDb 3aJ1a9y JIjIsd YETHBIX U HEUETHBIX AJNHIPOMOB.

a) JI1st KazKIoro meHTpa OMHIIOMCKOM MINEM CaMbIil JIMHHBI maanaapoM. CpaBHHBaEM XelaMu
HUCXOAHON U pasBepHYTON CTPOKMU.
b) ITlepeGupaem 1meHTD, TUHEHHBIM TOUCKOM HAXOMM CAMBbIii JIJTMHHBIH TATUHIPOM, HO HATHHAEM
IIOUCK C TEKYIIEro HaJeHHOTO MaKUCMyMa.
answer = 0;
for (int i = 0; 1 < n; i++)
while (substr(i - answer, i) == reversed_substr(i, i + answer))
answer++;

BoccranoBienune ctpoku o P u Z dyHkIiusMm

U npedukce-dyuknus, u Z maor zHam nHabop u3 O(n) orpeskos [l;,r;): {; > 0, s[0:r;—1;) = s[l; : 13).
JBnraemcs caeBa HAIPaBo MO CTPOKE, €CIH j-i CUMBOJI He MOKPBIT HU OJHUM OTPE3KOM, JIe/IaeM
s[j] = cc++, unave, on mokpbIT orpeskoMm [l;, r;), nemaem s[j1 = s[j - 1;].
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Anropurmer, ocenn 2017/18 [Tpaktuka #4. Crpoku (6a3a, xern).

12. (x) Moaynap B xemax - 1
Ha. BeposgrHocTs 1mpoBaJjia OJHOIO CpaBHEHUS PaBHA
u3 n cpaHennii ne Goubme 45 &~ 1072 gua M = 109 +
Kaxk 310 yBUgeTH ObICTPO? N CHIIBHO MeHbIe M.

ﬁ, BEPOATHOCTL IIpOBaJIa XOT4 OBl OJHOI'O
7.

Ho uet. Eciim nam Oyj1yT nbITaThCA MeENIaTh, BEPOATHOCTb OJHOTO YCIIeXa Mbl yMeeM OIEHUBATH
—n-len

len len\n 7~
TOJIBKO Kak 1 — $7, BepoaTHOCTD Beex ycnexos < (1 — 47)" <e M =0,

13. (*) Moagynps B xemiax - 2

-1
Her. [Iycrs mbi nipocto ee M)

2
4
[Homyunmm & % nap xemnieii, KOTOpbIE JOJIKHBI PA3INIATHCA.

Xelrell IoJIOXKUJIN B set.

4 4
Cwmorpum Ha (1 — ﬁ)” /8 ona mourn 0. Kax 910 6bICTPO yBHIETH? % cunbHO Oosbrue M.

k(k+1
Ho pa. A ecnu pjist ajnH perraeM HE3aBUCHUMO, TO I JJIAHBL 1 — k €CTh % map, KOTopble
k(k+1) ~ n3 I nB ~ 1
JOJZKHBI pasimudarsbed. Mroro ), =5~ & & CpaBHeHHIl, BEPOATHOCTD NMPOBAJIA < ghf & -

[Ipasa, ecnu B 3a/1a4e, Kak 00bI9HO ObiBaeT, 20-50 TecToB, He 3aliIET.

14. (%) Ilpedukcol, npeacraBuMbie B «[3-BUAe
[Tepebupaem | = |af|, mposepsiem z[l] > I(k — 1).
Torga Bce npedukcst Ha orpeske [lk, [k + min(l, z[lk])) af-upeacraBumbr.
ITomeTuTs BCe TOUKH, IIOKPLITHIE OTpe3KaMu, Moo 3a O(n).

15. (*) Minimal cyclic shift
Ba O(nlogn):ss = s + s; n = |s|; min_element(ss, ss + n, hashComparator).
Ba O(n): amropurm JlioBasig pasioxKeHns Ha MPOCTbIE CTPOKH.

16. (x) Konrprect k (P, M)-xerry.
Ectb pemenue 3a M, ciepyiomniee n3 napaJjoKca JHA POXKICHUI.
B sTOM ciiyuae cTpoKu J10CTaToO4YHO Oparh AauHbL log M.

Ecrb 6ostee GuicTpoe perienne. Pacemorpum crpoku s u t, |s| = |t| = n wag andasurom {a,b}.
Torma Hpa(s) — Hpa(t) =Y ;P mod M, rae |¢;| < 1. B apyryio cropony Toxe paboraer —
V 3HAKOIIEPEMEHHON CYMMBI Y | ¢; P!, cymecTByoT CTpOKH 8, t.

Pemnienne:

Ay = sorted {P° P ...P"1}.

A;y1 = sorted {A;[1] — A;[0], A;[3] — A;[2], Ai[5] — Ail4], ...}

Bamernm, aro 1o noctpoenuto Vi, j A;[j] > 0 u sBisiercst 3HAKOTIEPEMEHHON CyMMOii P,

Ecn A;[0] = 0, To mbt marmm s # t: Hpp(s) — Hpp(t) = 0.

Ocraioch NOHATH, HACKOJIBKO OBICTPO MPOIECC COMAETCA U CORJIETCS JI BOOOIIIE.
JIJ1st 97010 CliesiaeM Kydy CMeJIbIX TIPEJIIOIOKEHMIA.
1. Dnementnr Ag — ciyuaiinbie uncia B auanaszone [0, M).

ObosnaunmM 3a d; BEpXHIO I'paHUIly Aualal3oHa, dy = M.
2. |Ai| = 5 = smementer A;y1 — caydaiinbie B auanasone d;/ 3.
3. Ecimm n = 2%, ro nomyunrea nia AF momyamm |Ay| = 1.

g i _ k(k+1) N

Mpt xorum nostyuuts 1 = dj, = M/([],_, ,2) = logM = 222 = k ~ /2Tog M.

4. Tlonyunmm M ~ 2% = k =~ 11 = nocrarouno |s| =~ 4000.
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Jlomamninee 3ajiaHue

3.1. Obg3areqpbHaAgd 94aCTh

1. (3) Tangemusblii noBTOp - 1
TaH/IeMHBIM TTIOBTOPOM Ha3bIBaeTCs CTpoKa Buaa aw. Haiimure 3a O(n?) camblil JAJMHHBIH TaH-
JeMubli moBTop. HyKHO Ipe/IcTaBuTh TpU Pelenns, HCIoIb3ys

a) Xern
b) Z-byuxius
¢) mpeJoJcauTaHublii Maccus lep[i, j]

3a KaxKJ10e pelleHne Bbl MOJIyIUTe 110 OJIHOMY OaJLIy.

2. (2) O6mit moAIIAIMHIPOM
Hyxno 3a O(nlogn) HaiiTn MakcuMasbHBIH 00U TOAIATMHIPOM JBYX CTPOK.

3. (2) Perpocrpoka
s kazkmoro npedukca CTPOKH HAWTH KOJIMIECTBO ero npeduKcoB paBHbIX ero cyddukcy. O(n).

4. (3) Z — KMII
[IpeobpazoBarh Z-GyHKINO B IpeduKc-PYHKINO 0e3 ITPOMEXKYTOIHOTO BOCCTAHOBJIEHUS CTPOKH.

5. (1) Ilouck c omubGkKoii B andasure
Haiitu mojcTpoky B TEKCTe.
[Ipu cpaBHEHUH CTPOK MOXKHO JIeJIATh [UKJINYECKUil cABUr ajidaBuTa B OJJHON U3 HUX.
Bpewms pemenus O(n|X|). (+1) moubamt 3a O(n).

6. (2) Ilouck ¢ aByMms ommubKamMu
Haiitu nojctpoky B Tekcre. [Ipu cpaBHEeHUM CTPOK, €CJIM HECOBIAJICHUN CUMBOJIOB OBLIIO He DoJiee
JIBYX, CTPOKH cuuTatorcsd paBabivu. O(n).

7. (2) Ilouck c k ommbkamu
HaiiTu mogcrpoky B Texcre. [Ipu cpaBHEHNM CTPOK, €CIM HECOBIIAICHMI CHMBOJIOB OBLIO He GoJee
k, crpoku cunrarorcs pasabivu. O(nklogn).
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3.2. JonosHuTE/IbHAS YaCTh

1. (4) ObGe3bsinka 3a KJIaBUATypOM
3a oJiy CeKyH/Iy B KOHEI N3HAYAILHO IIYCTOTO TEKCTa, JIONHIChIBACTCH CIydaiiHas OyKBa.
Kakoe maroxuganue spemeru 1, KOTia MEePBBIi pa3 § CTAHET MOJICTPOKOI BBIMMCAHHOTO TEKCTA?!
Pemmenus 3a nojunom ot T noaydar 1 6amit. Yrobsl notyunts 3 6amia, nyxuo O(T?).

2. (3) ArTHXEm TeCT
JlaHbI 1IeJTIbIE YnCIa P1, My, P2, Ma. [IOCTPONTH /IBE pa3HBIX CTPOKU, Y KOTOPBIX IMOJTUHOMUAAJIbHBIE
xentut (p1,my) u (pa, ma) coBragaot. Oba.

3. (3) TanzeMHbIil TOBTOD - 2
Pemmure 3ama1y npo tamgemusiii mosrop 3a O(nlogn) MeTogoM pasfiessit n BIacTBYil.

4. (3) ITokpbiTHE CTPOKHI
['oBOpSAT, ITO CTPOKa (v HOKPBIBAET CTPOKY S, €CJIH KayK/IBbIil CHMBOJI S IMOKPBIT XOTS OBl OIHIM
BXOXKleHneM «v. Mnade roBopst, Bce BXOXK/EHUSA (v B S, KAK OTPE3KH, OKPBIBAIOT BCIo s. [lana s,
HaWTH MUHAMAJIBHYIO 110 JUINHE «, HOKpbIBatollyio s. O(nlogn).
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