Y4yebHas mporpamMMa mo aJirOpuTMam

CIIGAY, nepsbiii Kypc, 2015/16 y4uebHbIi TO/

IIepBbIii cemecTp
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. Bpems paborsr mporpammbl. Heacumnrorudeckue ontumusanuu. Kerir.

IIpocreiiinme cTpyKTypbl JaHHBIX

MaccuB puKCHpOBaHHOTO Pa3Mepa, CIUCKU, CTEK, OUePe/ib, AEK, IIUKJITUICCKUN MACCUB.
Pacmupyromuiicst quHaMudeckuii MaccuB (BEKTOD).

AwmopTusupoBanHoe BpeMsi paboThl, PA3TUIHBIE TIOIXO/bI K OIEHKE BPEMEHU PAOOTHI.
YacTu4anable CyMMbl, MUHUMYMbI, OY€PEb ¢ MUHUMYMOM.

Buwnapubrit mouck, nBa ykasaresd, aaroputM Mo.

Xemr-TabuIbl HA CIIMCKAX W C OTKPBITON aJipecariueii.

N36asnenune or amoprusamnuu: BeKTop u xem-rabsmna ¢ (1) B xy/amem ciydae.

CpencrBa s3bika C++.

Ajutokarust maMsaTH: OOIUI CIyYail, CTEK, CIIMCOK, OIITUMU3AIUsT JJIst C++.
[Mononusiemble cTpyKTypbl anHbix (add — merge; build — add). [lomosiHsiemblit MaccuB.

Pazbop apudmerndaeckoro BeIpaKeHUs 3a JUHEHHOE BpEeMsi: PEKYPCUBHBIN pa3bop, pasbop cO CTEKOM.
CopTUpOBKU U Ky4u

KBaparuanbie COPTHPOBKU: BCTABKAMIE, BHIOOPOM, My3bIpbKoM. CTabuibHOCTD. Introsort.

Orerka CHU3Y Ha YUCJIO CPABHEHUI B COPTUPOBKE, MPU TIOCTPOESHUN OMHAPHON KydW, B APYTUX AJITOPUTMAX.
CopTupoBKa C/IUSTHUEM, HEPEKYPCUBHAS BEPCHSI, INCJIO WHBEPCHIA.

Bricrpas copruposka Xoapa, BEPOSTHOCTHBIN aJrOPUTM TOUCKA MOPSIIKOBON CTATUCTUKHY 38 JIMHEHHOE BpeMs.
JleTepMUHUPOBAHHBIN AJTOPUTM TIOUCKA, MTOPSIIKOBON CTATUCTUKY 33 JIMHEHHOE BpeMs.

Copruposka nozacaéroM, nudposas COPTHPOBKa, COPTUPOBKa BhruépubiBanueM (bucket sort).

Adaptive Heap Sort, Kirkpatrick Sort 3a @(nloglogC').

Merge u sort 6e3 jonosHUTELHOM TamsaTu (inplace).

Min-Max ky4a, JleBanxkas (leftist) u kocas (skew) kyuu, Pairing Heap.

Van Emde Boas Tree.

Bunovmmnanbuaa Kyda, Kyda Oubonadu.

Bootstrapping; sienuBoe mpobaBiieHue.
JAnaamMudyeckoe mporpaMmmMupoBaHUe

Hunamuka: Bepén, Hasal, JeHnBas. Boccranopienne orseTa. AIUKIIMYIHBIN Ipad COCTOSHMA.
Pazbop cramnaprabix 3aga4a: HOII, HBII, paccrosinune JleBenmreiina, 3ama4a 0 PIOK3aKe.

JrHaMuKa 1O MOJOTPE3KaM, O JIEPEBbSIM.
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OnrrMu3alys IaMsITH: BOCCTAHOBJIEHHE OTBETa 6€3 JONOJIHUTEIbHBIX CChLIOK, XPAHEHHUE ABYX HOCJIEIHUX CTPOK
JOUHAMUKY, aJITOPUTM XHUpIIoepra.

OnruMmuzanys BpeMeH: BO3BEJIEHNE MATPUIIBI B CTEIIEHD, J[BA YKA3aTe s, BBIOOP COCTOSHUS JTUHAMUKHU.
Onrumuzanus KnyTa, T0Ka3aTeabeTBO Py, < Py < Pgopy1 AV 3871491 O CepBepax.
Ormeparuu ¢ MHOXKECTBaMu, KakK ¢ n-6utoBbiMu umnciamu. Ilouck crapiiero, miaziiero 6ura.

JusaMuKa 1o MoJMHOXKeCTBaM: 3aja4a O IIOKPbITHH MHOXKecTBa 3a ((2™m), 3a7a4a o IIoOKpacke BepiiuH rpada
3a (0(2.44™), noacuéT aIUTUBHON (DYHKIUM JJisi BCEX MOJAMHOXKeCTB 3a ((2"'n).

laMurbTOHOB Iy Th 1 nuKII 3a O(2"n). 3agada KOMMUABOSIZKEDA.

Hrramuka 1m0 mpouIio, MO CKOITEHHOMY ITPOMUIIIO.
I'padwr. DFS u BFS.

Xpanenue rpadoB: MaTpuIa CMEKHOCTH, bitset, CIIMCKHA CMEXKHOCTH, MYJIBTUCIIUCOK (CIIMCOK HA MACCHUBE).
DFS. Tlouck myTeil, KOMIIOHEHT CBSI3HOCTH, IIMKJIOB, IIPOBEPKA HA JBYI0JbHOCTD.

Tomostornaeckasi COpPTUPOBKA, KOMIIOHEHTBI CUJIBHOU CBSI3HOCTH, KOHJEHCAIs Tpada.

KomMmrmonerTb! BepImHHO 1 PEGEPHOI JIBYCBA3HOCTH, MOCTBI X TOYKHU COUJIECHEHUS.

Ditnepos myTs /1K, 2-SAT, 2-List-Coloring.

Tpansurusroe 3aMpikanue rpada 3a O(%%) (¢ HCHOIb30BAHEEM OUTOBOIO CXKATHS).

BFS. Tlouck kparuaifiiiero myTv B HEB3BEITHHOM rpade.

Mojudukanuu BFS mis B3pemennnix 0-1, 1-k, 0-k, a-b rpados.

NP-TpyAHOCTD 3aJia9¥ IMOMCKA ITPOCTOr0 KPATIAMIIEro MyTH B IMIPOU3BOJHLHOM B3BEIIEHHOM T'pade.
I'padbi. KpaTuaiiniue myTu.

Hetikcrpa, @maoiin, @opa-bemnvan.

Anropurm A* ontummzarn @opa-Besuivana (randomshuffle, SPFA| Jlesur).
[Moennmaist. Txxoucon. lonbubepr (kparyaiimmit myts 3a O(m+/nlog N).
[Touck oTpuraTeIbHBIX IIUKJIOB, ITUKJIOM MUHUMAJILHOTO CPEITHETO Beca.
Asropurm Kapma, anropur Hena.

Vayamenne Kyan juts agroputmbl Jeiikerpsr: radix heap, two level radix heap.
DSU, MST, 2Kaanoctb

Cucrema nenepeckatormxcsa Muoxkects (DSU) ma cnmckax, Ha JepeBbsX.

IlokazaresnbcTBo Bpemeru paborel DSU “obpartHas dynkius Axkkepmana’. /lokazaTeabcTBO BpeMeHU pabOThHI
CHM 6e3 paHTrOBOI 9BPUCTHUKH.

Munumasbraoe ocrosroe jiepeso (MST): semma o paspese, anroputm Kpackasa, asropurm Ilpum, aaropurm
Bopysku.

[Mpubnamxénnnie aaroputmbl. 2-0PT u 1.5-0PT ajropuTMbl s 33290 KOMMUBOSIKEDA.

In n-0PT g1 3a1a9u O MOKPBITUX MHOXKeCTBa. 2-0PT 7jisT BEPIIMHHOIO ITOKKPLITHE. 19—1—OPT + 1 g 3amaan “bin
packing”.

ZKamnocrs. Xoprosckue dhopmyiibt. [Ipasuio Bapucaopdda (raMuabToHOB My Th U IUKJI).

Auropurm Xaddpmana. XpaHeHue gepesa

3ajaun Ha COPTUPOBKY, HA BBIBOJ, KOMIIAPATOPA. 387294 O IBYX CTAHKAX.

Heckonbko 3a7a4 U3 TEOpUH pacIUCaHuii. 3a7ada O BBIIOJHEHMM MAKCUMAJILHOIO YUC/Ia 3aJAHUANA C JaHHBIME
nemtaitnamu, perrerre 3a O(nlogn) ¢ J0Ka3aTEIHLCTBOM.
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Bropoii cemecTp

depeBbs TIOUCKA, JIepE€Bbsi OTPE3KOB

Hepeso moucka: add/del, find, next/prev, npommuska jiepesa, Xpanenue npsMbiM 06xogoM. Bee onepanuu Kkpome
add 3a O(1), copruposka, lowerbound ua Bpems add: O(logn).

JlepeBo 1O HESIBHOMY KJIIOUY, (DYHKITHSA HA OTPE3KE, reverse Ha OTPE3KE.

AVL-Tree, Treap, RB-Tree, B-Tree, AA-Tree, 2-3-Tree

Treap: orenka cpepaueil TyOUHBI BEPITUHBI 1 MAKCUMAJILHOM TJTyOUHBI BEPIITITHBI

Splay-Tree (¢ nokazaresnbcrBom), Skip-List, Rope

[lepcucrenTHoCcTh: HMepeBo, maccus, ouepesnb, CHM. Treap — RBST.

Offline nepcucrentHocTs. COOPKa Mycopa Jjis IEPCUCTEHTHBIX CTPYKTYP.

HepeBo orpe3kos. Peanuzaruu cuusy, cBepxy. I pymnmosbie omnepariu.

Hepeso ®enBuka. Muoromeproe jnepeso OeHBuUKA.

Huuamuaeckoe (pa3pexkeHHOe) JepeBo 0TPe3KoB. JlepeBo 0Tpe3KOB COPTUPOBAHHBIX MACCHBOB.
Fractional cascading. /IByxmepnbie nepesbs. K/I-mepeso.

CxaHupytoras npsMasi, IEPCUCTEHTHAsI CKaHupyoiast npsiMast. O6paborka 2D-0pToroHa IbHBIX 3aIIPOCOB.

k-st craTucTuka Ha orpe3ske B online 3a O(logn).

Bamaun RMQ u LCA
RMQ. Sparse Table za (O(nlogn),0(1)), 3a (O(nloglogn),O(1)), 3a (O(nlog" n),O(log" n)).

LCA. Anropurm @apaxa-Konrona-Benmepa: RMQ Og) LCA Ui;) RMQ=+1, pemenne RMQ=+1 3a (O(n), O(1))
LCA. Offline amropurm Tapbsana. LCA nBomysbIME mOTBEMAME.

LA. Offline pemenusi. Asropurm Beunkuna 3a (O(n),O(logn)). Ladder-decomposition, aaropurm 3a
(O(n), 0(1)).

Heavy-Light-Decomposition (HLD).

Centroid decomposition, ¢pyHKIIMT Ha TyTH JEepeBa.

Ditnepos 06xox: Euler-Tour-Trees, dyHKIs Ha moIepeBe, CyMMa Ha IIyTH JI€PeBa.

Link-Cut-Tree.

Pannomusuposanusrit asropurm s MST 3a O(n + m), muaumym Ha myTu gepesa B offline 3a O(n 4+ m).
I'padsi. Ilapocoyeranus, pacpKacku, MIOTOKH, pa3pe3bl

[TapocodeTranue, KOHTPOJUPYIOITEE MHOXKECTBO, HE3ABACUMOE MHOYXKECTBO B JIBYJIOJILHOM T'pade.
Teopema Kénura, semma o monosHgIoNeM myTu, ajaroput™m Kyna.

Knaccudukamus pédep jByaosbHOTO rpada 1mo mpuHa IeskHOCTH napocoderanuio. Teopema Jlunsopra. Jlekc-
MUH TapOCOYETAHUE.

Stable matching (marriage problem).

Bepmurnsle packpacku: Bpykc, Teopembl 0 5 n 4 Kpackax, KaIHbIe aJTOPUTMBI.

Pébepnaga packpacka: Teopema u ajaroput™m Busmara, moxkpacka pédep ABYI0JIbHOTO rpada.

Teopema u anropurm Popaa-Pankepcona. [louck paspesa.

Anropurmbr Dmonsca-Kapna, macimrabupoBanus moToka, JuHura.

Teopema Kapzanosa, ajaropurm Xonkpodra-Kapira.

[Iporankusanue npesnoroka. High-Level optimization. Global relabeling. Anropurm Ahuja za O(nm+n?logU).
Min cost flow. UcnonbzoBanue @opia-benvana, leiikeTphl 118 MOUCKa Ty TH.

Min cost flow: capacity scaling, cost scaling, negative cycle canceling.

Benrepckuit ajiropuTM moucKa mapocodeTanus

I'nobansabIit paspes: IlTop-Baraep, Kaprep-I1lTeiin.



Crtpoku. Bazosbie ajropurmsbl u cy@d@PUKCHbIE CTPYKTYPBbI.

97. Z-dyuknus, prefix-pyuknuss, KMII. Axropurm Boepa-Mypa.
98. IlommaoMuaabuble Xemu. Pabun-Kapn. Ctporue oreHKN Ha BEPOSITHOCTH, BBIOOD XEIIIA.
99. Bamaya o HaUbOJIBIIEH OOIIE IOICTPOKE.

100. ITammagpowmsr: amroputMm Manakepa, nepeso Ilamuaapomos.

101. Bop. Cxarsrit 60op. Axo-Kopacuk.

102. Cydddukchbiii maccus: aaroputm 3a ((n), anropurm Kapkaitnena-Canmepca

103. CyddukcHoe nepeBo: ajropuTM Y KKOHEHA.

104. Cyddukcubriit aBromar.

105. IlpeobpasoBanusa cyddmaccus <> cyddaepeso < cyddanromar

Urpsr Ha rpadax. ABTOMaTHI.

106. Armuknwansrit rpad. [lukauansrit rpada, perpoanaims.

107. Ilpsmas cymma urp: dyaking ['pamnmm.

108. Urpa ua aepese. AB-orcedenue.

109. Urpa na nosxom GunapaoM jiepese ¢ BecoM urpsl u3 {0, 1} 3a O(1.687™).
110. TIposepxka mepeBbeB Ha nzomopdusm. Ilposepka rpados Ha nzomopdusm.

111. JerepMuHUpPOBaHHBIA aBTOMAT. AJICOPUTMBI MUHUMA3AINHA XOIKPOQPTa, IPOBEPKA Ha, U30MOPMU3M.
AnroputMbl AJiT MaTEeMAaTUKOB

112. BeicTpoe muckperHoe mmpeobpazoBanne Pypbe HAJL TOJIEM KOPHEH M3 €TUHUIIbI.

113. O6patnoe Pypbe. /IBa BenecTBeHHBIX B OJHOM. TOYHOCTD BBIMHCJIEHMUIA.

114. HepexkypcuBnas peauzaiud. pyrue HeacCuMITOTUYIECKUE ONTUMU3IAIIAN.

115. 3amauu na Oypbe: MOUCK CTPOK, KAPTHUHOK, CKAJISIPHBIE IPOU3BEIEHUS ITUKJINIECKUX CIBUTOB.
116. @ypbe HAI TTOJIEM OCTATKOB IO MIPOCTOMY MOZYJIIO.

117. Havuuas apudMeTHKa: yMHOXKEHHe, IejeHre, n3siedenue Kopas 3a O(nlogn).

118. Merox I'aycca. Oproranamusanust I'pamma-IlImunara. Koopauaarser BekTopa B 6Gasuce.

119. Faycc HaJ KOJIBIIOM HEJIbIX YUCEJI, KOJIBIIOM OCTATKOB ITO HEIIPOCTOMY MOIYJIIO.

120. Ymuoxkenune marpur Hag [, 3a O(wﬁ;n).

121. BuroBoe cxkaTne Jis J1eIeHNs / yMHOKEHIsST MHOTOWIeHOB, [aycca.

122. Pemero Jparocena. Pacmupennsrit asroputm Eskiuma. OcroBable oneparuu 1o Moy, KTO.
123. TIpoeepxka umces Ha npocrory. Tect Mustepa-Pabuna.

124. TlepBoobpa3zusiit Kopeub. uckpernoe jorapudmupopanne. I3Bjaedenne KOpHH.

125. ®axTopm3almst 9ncaa: P-3BPUCTUKA; aJaroputMm Kpaitamka.



