YTBBPAUIL: «cevvvnnnnnnnn.
/ mou. a-p E. Benukosa /

YT1BBpAeH oT DakynTeTeH CbBeT

cmiporokon Ne 3 / 16.03.2015

CO®UNCKHN YHUBEPCUTET “CB. KIMMEHT OXPUJICKW1”

®dakysTer mo Maremaruka u Uadopmaruka

CrnienanHoct: KommrorspHu Hayku

MU |K[0[1][0]1][1]3]

Kypc: 2
YuebOna roguHa:  2014/2015
Cemectbp: 4 (yieTeH)
YUYEBHA ITPOT'PAMA
Jucnurivza:
(B2 [1 17 | [w3zaiid u AHanu3 Ha AJITOpUTMH
Design and Analysis of Algorithms
Twum: 3agb/DKUTETHA AUCIATIIMHATA
IIpeniogaBatesn: ri1. ac. a-p ['eopru I'eoprues, gou. A-p MuHko Mapkos
ACHCTeHTH: fo1. -p MuHKo Mapkos, Ii. ac. i-p I'eopru ['eoprues
YueOHa 3aeToCT dopma Xopapuym
AypuropHa Jlekium 45
3aeTOCT CeMUHApHH YIIPaKHEeHUsI 30
[TpakTHuecKu yrpakHeHUs1 (XOCreTHpaHe) -
OO0111a ayAMTOPHA 32€TOCT 75
V3BbHayautopHa | [ToAroToBKa Ha JJOMaIriHyA paboTH
3aeTOCT KoHTposiHy paboTH 1 MOATOTOBKA 3a TSAX 30
YuebeH NpoeKT
CamocTosiTesiHa paboTa B 6ubmoTeka uiam ¢ uHTepHeT | 50
pecypcu
Hoxnan/IIpesenranus
IToAroToBKa 3a M3IUT 40
O0111a U3BBHAYAUTOPHA 3a€TOCT 120
OBIIIA 3AETOCT 195
KpeautH ayaguTopHa 3aeT0CT 2.5
Kpeautn u3BsHaygUuTOPHA 3a€TOCT 4
ObHIO ECTK 6,5

| No | dopMupaHe Ha OLeHKAaTa M0 JUCHHUIUIMHATa' | % oT oneHKaTa |




KoHTtponxu pabotu 5%, 45%, 5%
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11. | i3nuT — nipakTHKa (peliaBaHe Ha 3a7a4n) 45%

12. | M3nut — Teopus

AHoTanMs Ha yueOHATa JUCIUIUIMHA:

YacTTa aHa/m3 BbBeXK/a MOHSITUSTA FoJleMUHA Ha BX0/la M CJIOKHOCT T10 BpeMe B Hali-
nomms cyiydaid. BeBexaT ce TeTTe CTaHZAPTHU HOTAI[MU: TUTA, O-TOJISIMO, OMera-
rojsiMo, 0-MajIko ¥ OMera-Majko, KOUTO Ce U3MO0/I3BaT MpU U3c/ie[iBaHETO Ha
aCUMIMTOTUYHOTO HapacTBaHe Ha (QyHKIUMU.

OcBeH C/1I0)KHOCTTa B Hal-JIOIINA C/Iy4yal Ce 3acsAra U aHaJu3vpaHeTo Ha Cpe/iHaTa
CJIOKHOCT. [leMoHCTHUpAT ce popMasHU J0Ka3aTesICTBa 3a KOPEKTHOCT Ha HAKOU 6a30BU
aJIrOPUTMHU, KaTO 3a UTEPAaTUBHUTE aJTOPUTMH Ce BbBeX/a WHBapHUaHTa Ha LIUKbja
KaTo CPe/CTBO 3a MpeLu3Ha Bepu(UKaLys.

VintocTpupa ce Kak U3M0/13BaHeTO Ha e(hMKaCHU CTPYKTYPH AaHHU T0/100psiBa
CJI0XKHOCTTa 110 BpeMe. Pa3riie)kjaT ce TeXHUKHU 3a OL[eHKAa Ha CJIO)KHOCTUTE Ha
aJIfOPUTMU TI0 BPEMe U Ce IeMOHCTPHUPA M3I0/I3BaHeTO Ha Te3U TEXHUKH BhPXY
KJ/IaCMueckH obpa3iy. J[eMOHCTpUpAT ce TeXHUKH 3a /I0Ka3BaHe Ha aCUMITTOTUYHA
Jl0JIHa TPaHMLIA Ha CJI0XKHOCTTA 110 BpeMe upe3 ’bpBeTa Ha pelleHUeTo.

BwBexzar ce moHsATusiTa NP-MbIHOTA, MOTMHOMHUATIHN PeIyKI[UU U allpOKCUMUpaHe.
OO0sicHsiBa ce 3HaueHHETO Ha eHOMeHa NP-ITbIHOTA M 3HAUEHHETO Ha HepelleHaTa
3azaua ,,P = NP ?”. JleMOHCTpUpAaT Ce HAKOM OCHOBHU MOJIMHOMUAIHU PeAYKLUH.
AHanu3upar ce HIKOJIKO alipOKCMMUPALLY aifOPUTbMa KaTo CJIOKHOCT 10 BpeMe U
KaTo OT/,a/IeyeHOCT Ha pelleHneTo OT ONTUMAaIHOTO.

B yactTa Au3aiiH ce BbBeXXAT pe/idiia alTOPUTMUUHU CXeMU, TIpe/[Ha3HaueH! Jja
yJIeCHST Cb3/laBaHeTO Ha e()MKACHU aJITOPUTMU: pa3/ie/sii U Blajied, AUHaAMUYHO
nporpamupane, greedy u o6xoskzaHe Ha rpadwu. [Ipunarar ce cxemuTe 3a peliaBaHe Ha
TUINIMYHY 33/]aul, KaTo Ce JeMOHCTPUpAT TEXHUKHWTE 3a OLleHsIBaHe Ha CJIOXKHOCT Ha
T0JIyUYeHHTe a/ifOPUTMU. [IeMOHCTpUpAT Ce CXeMU 3a ChCTaBsiHe Ha allpOKCUMUpAIIU
aNrOPUTMH.

IIpepBapuTe/1HN U3NCKBAHUA:

CryzenTute TpsibBa /ja ca 3aro3HaTH C MaTeprasia OT KypCoBeTe:
3107 YBopg B mporpaMupaHeTo
E107 JIucKpeTHMW CTPYKTYpH

! B 3aBucumoct ot crenpdukara Ha yuebHaTa AMCLMILIMHA M U3UCKBAHUATA Ha MIperiojapaTe/is e
BB3MOXKHO J1a ce 100aBsT HeobxonuMuTe (HOPMH, WK J1a Ce IPpeMaxHaT HeHY KHUTE.




K107 Awnamus 1

A117 Anrebpa 1

N147 E3uiu, aBTOMaTH ¥ U3UUCIUMOCT
3117 [Ilporpamupane

3227 CTpyKTypH [@aHHU B IIPOrpamMUpPaHeTo

OuakBaHHM pe3yJ/ITaTH:

CrygeHTuTe [l TIpUJOOUST peasieH OMUAT U YMEHHs B PelllaBaHeTO Ha WU3UHC/TUTETHU
3a7lauu:

e Jla cb3faBaT JAWMCKpPeTeH MOJZes 3a 3aZiauaTa M Jja ro KoAgupaT B KOMIIaKTHa
CTPYKTYypa JAaHHHU.

e Jla peanusupar edeKTHBEH a/fOPUTBbM Ype3 M3I0/i3BaHe Ha aarOpPUTMUYHU
CXeMHU, CBEXKJaHe /10 U3BeCTHU aJITOPUTMH, WU W3I0/13BaHe Ha KOMOWHAIWS OT
MOZI00HN TEXHUKHU.

e Jla nokasBaT KOPEKTHOCTTA U /la MIPaBAT aHa/lIW3 Ha C/I0)KHOCTTA Ha pelleHUeTo.
Ia TepcsaT mo-mobpu pellieHUs upe3 W3M0J/I3BaHe Ha e(UKAaCHU CTPYKTYpPH OT
JlaHHHU.

e Koraro 3ajauata e NP-TpygHa, fAa pasro3HaBaT TO3d (akT U Ja TbPCAT

TIO/IXO/IAIL] allpOKCUMHMPALIL] a/ITOPUTHM HIIH JIa OTZE/IST YaCTHHU CIydau, B KOUTO
3aziauaTta Moxke /1a Ob/ie pertieHa 6bp30.




Yue6GHo co0vpricaHue

Ne | Tema: Xopapuym

1 | MaTtemaTyeCcKy MUHCTPYMEHTH 3a aHa/IU3 Ha aJITOPUTMHU — 5+8
aCHUMITTOTUYHY HOTALY U TeXHWUTe CBOMCTBA, METO/H 3a
pelllaBaHe Ha PeKYPEeHTHH OTHOIIEHHS.

2 | AITOpUTMHUYHU CXEMH. 5+8

3 | CopTHUpPOBKHU. 12+5

4. | bbp3u anroput™Mu BbpXY rpadu. 12+5

5. | KytacoBe Ha C/1I0)KHOCT ¥ TPYJHOPELIMMU 3a/jaui. 11+4

Koncnekm 3a usnum

Ne | Berpoc

1 | AIropuTMHM — CBIIJHOCT W HedopMasHO ompejeneHue. V3uncivTe HU 3afjauud.
l'onemyHa Ha Bxoza Ha anropuTMu. CJIOKHOCT 0 BpeMe B HaW-JIOIWs CIyvau,
cpefHa W B HaW-700pusi ciayvail. [Ipyrv acrmekTd Ha aHaIM3WpaHeTo Ha
JICOPUTMUTE — CJIOKHOCT I10 IaMeT ¥ KOPEKTHOCT.

2 | ACMMIITOTHYEeH aHa/IU3 Ha CJIOKHOCTTA — BaKHOCT, MPeMMCTBA M HeJJOCTaThLU.
Horaiuu, ©3ro/3BaHu Mpu acuMnToThuHus aHanus: O, 0, O, Q, w.

CBolicTBa Ha HOTALUHUTE.

3 | Coptrpane — NpWIOXKeHUs], B&XKHOCT, IIPUMepH 3a W3I0/I3BaHe Ha COPTUPAHEeTO
KaTo ITbpBa (aza OT pelieHreTo Ha JPYry U3UUCIUTeTHU Tipodsiemu. CTabuiHu U
HeCTaOWTHY COPTHUpAIIY arOPUTMHU. Ba)kHOCT Ha cTabUIHOCTTA.

4 | EnementapHu coprupaliu anroputmu: Selection Sort u Insertion Sort. BbBexxane
Ha
MOHATHETO WHBAapMaHTa Ha LMKbja. AHaaM3 Ha KOPEeKTHOCTTa Ha /BaTta
aJIrOpUTHbMAa 4Ype3 MHBAapyaHTa Ha LMKbja. AHaIU3 Ha CJ0KHOCTTa 10 UM I10
BpeMe U 110 ramMeT. AHa/Ii3 Ha CTabUIHOCTTa M.

5 | JlBonuHa nupamuza. [IBonuHuTe NMMpamMuy KaTo MOMbIHEHU JBOUUYHU JbpBeTa U
KaTto macuBu. PopMy/IU 3a UHJEKCUTe Ha POJUTe IS U Ha JieljaTa Ha [afleH BPbX,
aKo nupampziata e MacuB. IlocTposiBaHe Ha nNMpaMy/a: HavBeH HAauuH 4pe3
Heaplnsert.

6 | ITocTposiBaHe Ha mupamuza upe3 QyHkius Heapify. AHamu3 Ha ClI0XKHOCTTa IO
BpeMe Ha /iBaTa HauMHa 3a IOCTposiBaHe Ha mupamupa. [Ipoueaypa Build Heap.
AHanu3 Ha C/I0)KHOCTTa: HavBHA uMruieMeHTarus (O(n.lg(n))) u 6bp3a
uMrieMeHTalus (@(n)). [MupamuganHa copTupoBka Heapsort.

7 | IlpuopuTeTHU onamku Kato abcrpakteH tun AaHHU (AT/). VimmyiemeHTarus Ha
TIPUOPUTETHY OMAIIKKU Ype3 0OMKHOBEHM MacUBU M Upe3 IBOMYHU TMPaMU/IY —
CpaBHHUTeJIEH aHa/IU3 Ha Te3U /iBe UMIUIEMEHTAL|H.

8 | PexypcuBHM aJrOPpUTMU U peKyPeHTHU OTHOILIeHMs. MeTonu 3a pellaBaHe Ha
pPeKypeHTHU OTHOLIeHHUs: pa3BMBaHe, [bPBO Ha PeKypcusTa, MHAYKUMWs, Master
Theorem, MmeToabT C
XapaKTepUCTUUHOTO ypaBHeHue. [Ipumepu.

9 | AnropurMuyHa cxema Pasgensii v Byiafield: ChLJHOCT, IPUIOJKeHHE U OIpaHUYeHHUs
BBDXY
Bb3MOKHOCTHTe 3a npusaraHeto W. CopTtupaly anropursM Mergesort. AHanu3 Ha
CJIOKHOCTTa 110 BpeMe U Ha crtabuiHocTTa Ha Mergesort. AHanu3 Ha
KOpeKTHOCTTa Ha Mergesort upe3 MHBapHaHTa Ha LIUKbJIa.

10 | Coptupaiy aaroputrsM Quicksort . AHanus:




C/JIOXKHOCT TI0 BpeMe€ U IlaMeT, CTa6I/IJIHOCT, dHa/IM3 Ha CpeaHaTa CJI0XKHOCT II0
BpeMe, KOpEKTHOCT.

11 | ITomoOpenust Ha QuickSort: HamansiHe Ha u3mnosi3BaHaTa mamet g0 O(lg(n)) upes
M3II0/I3BaHe Ha OMalllkoBa peKypcus (tail recursion), mo-edekTrBHO K30MpaHe Ha
pasfesiuTesN, TEXHUKH 3a M30sirBaHe Ha JIOIIUs CTy4ai.

12 | JonHU rpaHyLM BBPXY aCHUMIITOTAYHATA CJIOKHOCT [0 BpemMe Ha aJlfOPUTMHU.
[bpBeta Ha pelieHueto (decision trees). MeToz 3a Zjloka3BaHe Ha [JOJTHU TPaHULIY,
0a3upaH abpBeTa
Ha pereHueTo. [losHa rpaHMiia BbPXY aCUMITTOTUYHATA CJIOXKHOCT I10 BpeMe Ha
COPTHUPALIM aTOPUTMHU, Oa3UpaHU Ha TUPEKTHO CPaBHEHHeE.

13 | JlonHa rpaHuLja, JOKa3aHa ype3 aHa/Iu3 Ha AbPBOTO Ha peLleHUueTo, BbpPXY
aCUMMTOTUYHATa CJ0XKHOCT Ha HW3uMcauTenHaTa 3azaua Element Uniqueness.
[loka3BaHe Ha
ACUMMTOTUYHHU [JOJTHU TPAaHULIA upe3 peyKLMU MeXXy MacoBM 3aZlaud — MpUMepHr
C
Convex Hull u Closest Pair.

14 | CopTtupane, KoeTo He e 6a3rpaHO Ha JUPEKTHO cpaBHeHHe. COpTHpaHe B JIMHEHHO
BpeMe

— anroputMu Counting Sort ¥ Radix Sort. AHanu3 Ha KOpeKTHOCTTa UM M Ha
CJIOXKHOCTTA
¥IM T10 BpPeEMe.

15 | OpueHTrpaHM ¥ HeOpPUeHTHpaHU rpadu OT aJrOpUTMHUHA TIJeJHa TOYKa.
[Tpumepu 3a 3amauu, KOMTO ce Mofenupar upe3 rpadu. IlpescraBsHus Ha rpadu
ype3 MaTPULM Ha ChCe/CTBA U Upe3 CIUCHIU Ha ChcefcTBa. CpaBHUTE/IEH aHaTU3
Ha TIpeUMCTBaTa M HeAOCTaTblLMTe Ha Te3W TpeJCTaBsHUsA. AHaiu3 Ha
CJIOXKHOCTTa TI0 BpeMe Ha aAroputMd BbPXY Trpadu — BbBeXJaHe Ha
aCMMITTOTUYHU HOTALMU Ha (YHKLIMU Ha /iBe TIPOMeH/IMBU. JIMHelHa C/I0XKHOCT 10
BpeMe Ipy rpagu.

16 | O6xoxxmaHe Ha rpadgu. OCHOBHa cxemMa 3a OOXOXKJAaHETO — MapKhpaHe Ha
BbPXOBETe C
1BeToBe. KopeKTHOCT ¥ e¢dHKaCHOCT Ha OCHOBHaTa cxema. OOXOXIaHeTO B
IIMpYHA U B
[bJI00UMHA KaTO pa3/IMuHU UMIIEMeHTALMK Ha OCHOBHATA CXeMa.

17 | Obxoxnane B mumpuHa (BFS) Ha rpadu. [IbppBo Ha 00XOKZAHETO B IIMPUHA.
Buoge pebpa
B 00X0>KaHeTo B mpuHa. O6xoxaaHe B qbyioounHa (DFS) Ha rpadwm. JwpBo Ha
00xoyKaHeTo B Aba00urHa. BuioBe pebpa B 00X0XK1aHETO B AB/IOOUHHA MPH
HeOpHeHTUPaHUTe U OpUeHTUPAHUTe Tpadu.

18 | OpueHTHpanu alMKIWYHU rpadu (dags). AITOpPUTMU 3a TOTIOJIOTMYHO COPTHpPaHe
Ha
OpUEHTUpaHU alUWK/IWYHU Tpadu. AHanU3 Ha CJIOKHOCTTAa 1O BpeMe Ha Te3u
aJITOPUTMU.

19 | CunHO CcBBp3aHU KOMIIOHEHTU Ha OPHMEHTUPaHU alUKIWNYHU rpagu. AIrOpUTHM C
JIMHelHa
CJIOXKHOCT 10 BpeMe 3a OTKPMBAHETO HAa CU/IHO CBbp3aHUTE KOMIIOHEHTU Ha
OpUEeHTHpaHu
rpadu.

20 | Cps3Baiu BbpxoBe (cut vertices) u cps3Baiuy pebpa (bridges) B HeoprueHTHpaHUTe
rpagu.

[IBycBbp3aHH KOMIIOHEHTH B HeOpHMeHTHpaHu TIpady. AJTOPUTMH C JIMHEWHa
CJIO’KHOCT T10
BpeMe 3a OTKPHBAHE Ha Cpsi3BallliTe BbPXOBEe Ha rpad) W Ha cps3Baiure pebpa Ha

rpad.




21 | MuHUMaMHU TIOKpUBAILlM [bpBeTa Ha HeopueHTWpaHu rpadu. I[lpumepu 3a
TIPUWIOXKEHUS Ha
MHUHHMAJTHA TIOKpUBaIy AbpBeTa. OOIa aropuTMUYHA CXeMa 3a a/lrTOPUTMH 3a
OTKpYBaHe Ha MUHMMaJIHU MOKpUBaIy AbpBeTa. Greedy cTpaTeruv. ANrOpUTbM
Ha [Ipum
— NICeBJOKO/] ¥ aHa/IU3 Ha CJI0KHOCTTA 110 BpPeMe.

22 | AmroputeM Ha Kpyckan 3a OTKpMBaHe Ha MUHMMA/THO IIOKPUBALO [bPBO.
C/O)XKHOCT 1O BpeMe Ha HavBHaTa WMILUIEMeHTalysl. Y CbBbPLIEHCTBaHe Ha
HavBHaTa UMIUIEMeHTalus —

Union-Find onepauyy BBPXy MHOXKECTBa, WMILIEMEHTHDaHU 4pe3 JbpBeTa.
EBpuctuku
Union by rank u Path compression. AHanuM3 Ha CJ0XKHOCTTa IO BpeMe Ha
aJIrOpUTHMa Ha
Kpyckas ripu u3nos3BaHeTo Ha /IBeTe eBPUCTUKHU.

23 | Haii-kbcu mbTHIa B~ opueHTWpaHuTe  rpadu. I[Ipumepu 3a TpUIOXKEHUSs.
IToTeH1MaTHA
TPYLHOCTU IIpM Ha/JMYMeTO Ha OTpULiaTe/IHU Tersia. AHaau3 Ha 3ajavara U
CpaBHEHUETO U
CbC 3aJjauaTa 3a Hal-Ababr BT B rpad. AnroputeM Ha JluiikcTpa 3a HaMupaHe Ha
Hal-

KbCUTe NbTUILL[A OT JaJeH BPbX [0 BCUYKU OCTaHa/M BBPXOBe. AHa/lu3 Ha
KOPEKTHOCTTa U
CJIOXKHOCTTA 10 BpeMe Ha TO3U aJiTOPUTHM.

24 | AnropuTMHU 3a HAMUpaHe Ha Hali-KbCH MTbTUILA MeXAy BCUUKU IBOMKUA BbPXOBe —
aIrOPUTHM, W3IO/3Ball] aaropureMa Ha /[IMHWKCTpa, W [Ba anropuTbMa,
M3M10/13BallU
yziesiTa Ha AWHAMUYHOTO TIpOrpamMupaHe: To Opost Ha pebparta B MbTS U TI0 Haii-
roJjieMust
HOMep Ha BPbX B ITbTS (aaroputrbM Ha Pnokg-Yopirsa). AHamu3 Ha C/I0KHOCTTA
o
BpeMe.

25 | luHaMU4HO NporpaMupaHe — CBLIHOCT, NpeJuMCTBa U NpuioxkeHus. lIpumepu:
yucsIa Ha
duboHauM, ONTUMATHO BEP>KHO YMHOKEHHMe Ha MaTpPUIM, W3UYUC/IUTEe/THA 3a/jaua
Independent Set mpu HeopueHTHMpaHWTe rpadu, OrpaHUYeHd [JO /[AbpBeTara.
CpaBHeHue
MeX/ly IMHaMHUYHOTO MporpaMupaHe U cxemara ,,Pa3ziensiii v Bnagen”.

26 | [IpakThuecKd pemmvMu  W3YUCIUTENHW 33/auyd — Kjlac Ha CJI0XKHOCT P.
[TpakTuecku HepemwmmMu (intractable) 3agauv. [IpuMmepu BbpPXy HeOpHEHTHpPaHU
rpapu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[IpakTueckata  HepelIMMOCT KaTo  (yHAAMeHTasqHO, He3aBUCEel|0  OT
TeXHOJIOTUUHUS TIpOrpec, orpaHuueHve — npuHiun Ha Landauer. TIpakTuuecku
HepeLIMMHU 33/lauu C KpaTbK CepTU(UKAT — K/aac Ha cioxHocT NP.

27 | HeferepMUHUpPaHU a/IfOPUTMU 3a pelllaBaHe B ITOJIMHOMUA/IHO BpeMe Ha 3a/aud C
KpaTKH
ceprudukatd. BeripocskT ganu P = NP karo dyHgaMeHTasHa HepellleHa 3ajjaua
Ha TeopeTWuyHaTa KOMIIOTbpPHA Hayka. Knacose Ha coxHoCT co-P u co-NP —
CBIIOCTaBKa.

ITpumepwu 3a 3agaun ot co-NP.

28 | IlonmMHOMMANMHU peAyKUUU MexXay mMacoBU 3ajauu. NP-mbsiHoTa. W3umcnurenHa
3amadya SATISFIABILITY. /loka3BaHe Ha NP-mbiHoTaTa Ha SATISFIABILITY —
TeopeMa Ha Kyk.

29 | N3unciurenna 3amava 3-SATISFIABILITY. [lokasBane Ha NP-mbjHOTaTa Ha 3-
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SATISFIABILITY. CorocraBka Ha 3-SATISFIABILITY c 2-SATISFIABILITY.
Hoka3zBane Ha NP-mbsHotata Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. [pyru NP-nibjiHM MacOBHU 3a/iauHy.

30

ArnipokcrMManyaTa KaTo CpefCcTBO 3a ,,ClpaBsgHe C MpakThyeckaTa HepermuMocCT.
AnpokcuMHpallld aaropuT™Md € TOYHOCT [0 MYJ/ITUIUIMKAaTUBHA KOHCTaHTA.
ITpumepwu c

VERTEX COVER wu 3azauaTa 3a TbPrOBCKHS ITbTHUK B ,IlJlaHAPEH BapUaHT.
YcioBHa

HEBB3MOKHOCT 3a J0OPO aripOKCUMHUpaHe Ha HIKOU MacOBH 3a/IauH.
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