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dopmMupaHe Ha OLleHKATa M0 JUCIUI/IMHATA % OT oLleHKaTa

KoHTposiHu paboTu 42%

Yuactue B yac

Iomariiiau paboTn 4x4% = 16%

YuebeH NpoeKT

TecToBa nMpoBepka

TEKYI_Ha CAMOCTOATE/IHA pa60Ta /KOHTPOIIHO

Workshops {rHbopMaiiioHHO ThbpceHe U KOJIeKTUBHO
00CHK/IaHe Ha JTOKIaIv U pedepaTH)
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11. | Vi3nut — npakTuKa (peluaBaHe Ha 3a/lauM) 42%

12. | Ysnurt - Teopust

AHoTalus Ha yyeOHaTa JUCHMIIAHA:

Yactra aHa/mm3 BbBeXK/a [MOHATHATA FOJIEeMHUHA Ha BXOZA U CJIOXKHOCT I10 Bpeme B
Hau-JIolys ciay4yal. BeBexxgar ce merTe cTaHZapTHU HOTALMU: THUTA, O-TOJISIMO, OMera-
roJIsIMO, 0-MaJIkO ¥ OMera-Majko, KOUTO Ce U3I10/13BaT IIpU U3C/leiBaHeTo Ha
aCHUMITTOTUYHOTO HapacTBaHe Ha (yHKLIMU.

OcBeH C/I0)KHOCTTa B HaW-JIOIINA C/Iyvai ce

3acsAra ¥ aHa/IM3MpaHeTo Ha Cpe/iHaTa CJIOKHOCT. [lemMoHcTHpaT ce ¢oopMaiHU
JIOKa3aTesICTBa 3a KOPEKTHOCT Ha HSIKOU 0a30BU alrOPUTMU, KaTo 3a UTEPATUBHUTE
aJITOPUTMHU Ce BbBeXK/la MHBapHaHTa Ha LJUKbJIa KaTO CPe/ICTBO 3a IpeLr3Ha
BepudUKaLys.

WnrocTprpa ce Kak M3M0/I3BaHETO Ha e(pMKACHU CTPYKTYPH JlaHHU TIOZ,00psiBa CI0’KHOCTTa
110 BpeMe. Pa3ryiexxar ce TeXHUKH 3a OLleHKa Ha C/I0’KHOCTUTE Ha aArOPUTMH II0 Bpeme U
ce [IeMOHCTpMpa W3IIO3BAaHETO Ha Te3U TEeXHUKU BbPXY KlachuyecKd obOpasLy.
JeMoHCTpUpaT ce TeXHUKM 3a [JOKa3BaHe Ha aCUMIITOTMYHA JO/HAa TIpaHulla Ha
CJIOXKHOCTTA I10 BpeMe 4pe3 [/bpBeTa Ha pelleH’eTo.

BouBexzpar ce mnonstusita NP-rbnHOTa, NMOIMHOMUANHY PeAyKLMU U arlpOKCUMUpaHe.
OObsicHsiBa ce 3HaueHHeTO Ha (peHoMeHa NP-ITb/IHOTA ¥ 3HAUEHWETO Ha HepellleHaTa 3aziaua
,P = NP ?”. [leMOHCTpUpaT Ce HIKOM OCHOBHM I0JIMHOMUA/IHU peAyKLUU. AHanu3Mpar ce
HSIKOJIKO aripOKCHMMMpALLM arOPUThMa KaTo CJIOJKHOCT I10 BpeMe U KaTo OT/Aa/e4eHOCT Ha
pelleHreTo OT ONTUMA/IHOTO.

B yacrra gu3aiiH ce BbBeXXAT peylia a/ifOPUTMUYHN CXeMHU, ITpejHa3HaueH! Jja
yJIeCHAT Ch3/laBaHeTO Ha e()MKaCHU alrOPUTMU: pasfiesisii U Biajiel, JUHaMUYHO
nporpamupane, greedy u ob6xoxzgaHe Ha rpadu. [Ipunarar ce cxemure 3a peliaBaHe Ha
TUIWYHY 33/]aui, KaTo Ce IeMOHCTPUpAT TEXHUKKUTE 3a OLleHsIBaHe Ha CJIOXKHOCT Ha
T0JyUYeHUTe a/ifOPUTMU. [IeMOHCTpUpAT Ce CXeMHU 3a ChCTaBsiHE Ha allpOKCUMUpAIIU
aJITOPUTMH.

B 3aBucuMocT oT CHEL[I/I('bI/IKaTa Ha yqe6HaTa AVCLUIIMHA U U3UCKBAHUSATA Ha IIpernojaBaTre’is
€ Bb3MOJKHO [a ce ,ZLO6EIBHT HEO6XOAI/IMI/ITQ (bOPMI/I, WK [ia Ce MpeMaxXHaT HeHY>KHUTE.




IlpepBapuTe/IHN N3N CKBAHUA:

CryzenTute TpsiOBa Jja ca 3ari03HaTH C MaTepuasa OT KypCoBeTe:
E106 JuckpeTHU CTPYKTYypHU

M246 E3uny, aBTOMaTv U U3UMCJIUMOCT

K136 JudepeHiiasHO U UHTerpasHO CMsiTaHe- 1

K146 [IudepeHipanHo U UHTETpaHO CMsITaHe-2

3106 ¥YBog B nporpamupaHeTo

OuakBaHH pe3yJ/TaTH:

CrygeHTUTEe [a MPUAOOUAT peasieH ONMUT U YMEHHs B pelllaBaHeTO Ha WM3UHC/IATETHH
3a/jauu:

e Jla cb3gaBaT [JUCKpPeTeH MoJen 3a 3ajauaTa U Ja ro KOoAWpaT B KOMIIaKTHA
CTPYKTYypa /IaHHU.

e Jla peanu3upar eeKTUBEH aJrOPUTHM Upe3 U3M0/I3BaHe Ha aJITOPUTMUYHU CXEMU,
CBeX/laHe /10 U3BeCTHU aJTOPUTMH, WIM W3I0J/I3BaHe Ha KOMOUHALUS OT TI0j06H!
TeXHUKU.

e Jla moka3BaT KOPEKTHOCTTA U Jja TIPaBSAT aHa/M3 Ha CJI0XKHOCTTa Ha pelleHueTo. Jla
TBPCAT MO-Z00pH peIlieHus upe3 U3MoI3BaHe Ha e(UKACHU CTPYKTYPH OT JIaHHH.

e Koraro 3asjauata e NP-TpyiHa, Zia pa3no3HaBat To3u GakT U /ja ThPCSAT MOAXO/SII]
anpoKCHMMUpALl| aJrOPUTbM WM [a OTAensST YacTHU Cyuyau, B KOWTO 3ajayara
Moxke fja Ob/ie pertieHa 6bp30.




Yue6Ho co0opiicaHue

Tema: Xopapuym

MaTemaTrueckd WHCTPYMEHTU 3a aHa/lu3 Ha aJiroputMu — | 5+8
AaCUMIITOTUYHU HOTAallUM M TeXHWTe CBOMCTBA, MeTOAU 3a
pelllaBaHe Ha PeKYPEHTHU OTHOLLIEHUSI.

AJITODUTMUYHU CXEMH. 5+8

CopTUpOBKH. 12+5

bbp3u anroputmMu BbpXy rpadu. 12+5

Uk (W|N

KracoBe Ha C/I0)KHOCT ¥ TPYJHOPEIIMMH 3aJauM. 11+4

KoHncnekm 3a u3znum

Brwnpoc

AnroputTMHd — CBUIHOCT W HedopMasHO orpejeneHue. VI3UuMCIUTeNHU 3aflauM.
l'onemuHa Ha BxXoza Ha anropuTMy. C/IOXKHOCT IO BpeMe B HaW-JIOLIMS CJlyvai,
cpefHa W B HaW-#00pus ciaydaid. [Ipyru  acrieKTM Ha aHaIM3UpaHeTO Ha
ICOPUTMUTE — CJIOXKHOCT I10 [TaMeT ¥ KOPeKTHOCT.

ACHUMIITOTAYEH aHa/IM3 Ha CJIOKHOCTTA — BaYKHOCT, TIPeIUMCTBA U HeIOCTAThI[H.
Hotariu, U3mnoa3BaHy Mpy acMMToTHuHust ananus: O, 0, O, Q, w.
CBOMCTBa Ha HOTAIUHUTe.

CopTtvpaHe — NPWIOXKeHHUs], B&XKHOCT, IPUMEPU 3a W3IMO0/I3BaHe Ha COPTHPAHeTO
KaTo mbpBa ¢as3a OT pelleHHeTo Ha APYrU U3UMC/IuTenHd npobsiemu. CTabumHu 1
HeCTabW/IHU COPTHPALIM a/ITOPUTMU. BaykKHOCT Ha cTabUIHOCTTA.

Enementapuu coptupaiiy anroputMu: Selection Sort u Insertion Sort. BeBexxane
Ha TIOHATUETO WHBAapHWaHTa Ha LUMKbja. AHa/M3 Ha KOPEKTHOCTTAa Ha JBara
a/ropuThbMa upes3 MHBapUaHTa Ha LIMKb/a. AHa/IU3 Ha CJI0KHOCTTA I10 UM I10 BpeMe
¥ 110 naMeT. AHa/ii3 Ha CTabUIHOCTTA UM.

[BonuHa nupamyja. [JBoMUHUTE NMpaMUAU KaTo IOMbJIHEHU ABOWYHHU JbpBeTa U
Kato MacuBu. PopMy/M 3a MHZEKCHTe Ha pPOAUTeNs U Ha JeliaTa Ha Jia/leH BPbX,
ako nvpamyzgara e MacuB. [locTposiBaHe Ha NMpamMyja: HavBeH HAuWH upe3
Heaplnsert.

[ToctposiBaHe Ha nupamuza upe3 ¢yHkuus Heapify. AHamm3 Ha C/10’)KHOCTTa IO
BpeMe Ha /iBaTa HauWHa 3a MOCTposiBaHe Ha mupamuja. [Ipoiieaypa Build Heap.
AHanu3 Ha C/I0)KHOCTTa: HavBHA umruiemMeHTaius (O(n.lg(n))) u 6bp3a
uMrieMeHTanus (G(n)). [MupamuzanHa coptupoBka Heapsort.

[TpuopureTHyu onamku Kato abcrpakred tun AaHHY (AT/). VimmiemeHTarust Ha
TIPUOPUTETHU OMAIIKU Ype3 0OMKHOBEHU MacUBU U Upe3 IBOMYHY MUPaMUIY —
CpaBHUTeJIeH aHa/IM3 Ha Te3U /iBe UMIIeMeHTaL|u.

PekypcrvBHM anropuTMM U peKypeHTHM OTHOLIeHHs. MeToau 3a pelllaBaHe Ha
PeKypeHTHM OTHOILEeHUsl: pa3BUBaHe, AbPBO Ha peKypcusTa, UHAYKUWs, Master
Theorem, MeTOIbT C XapaKTepPUCTUUHOTO ypaBHeHHe. [IpumMepH.

AnroputMuyHa cxema Pa3szensii 1 Bnajiei: ChIIHOCT, PUIOKEHWE U OrpaHUUeHUs
BbPXY BB3MOXXHOCTUTe 3a npunaraHeto M. Coprtupaiy aaropursM Mergesort.
AHan3 Ha CI0)KHOCTTa TI0 BpeMe M Ha cTabuiHocTTa Ha Mergesort. AHaiu3 Ha
KOPeKTHOCTTa Ha Mergesort ype3 MHBapMaHTa Ha LIMKbJIA.
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Coprupai aaroputbM  Quicksort . AHanu3: C/I0XHOCT IO BpeMe U TaMerT,
CTabWTHOCT, aHa/IM3 Ha Cpe/iHaTa CJI0XKHOCT T0 BpeMe, KOPEKTHOCT.

12

[omHu TpaHULA BBHPXY aCHMIITOTAYHATA CJOXKHOCT TI0 BpeMe Ha a/JrOPUTMM.
[bpBeTa Ha perieHueTo (decision trees). MeTo/ 3a Zjoka3BaHe Ha [IOJTHU IPaHUILIH,
0a3upaH [JbpBeTa Ha pelleHWeTo. Jlo/iHa TpaHUIlA BBPXYy ACHMIITOTHUYHATA
CJIO’KHOCT TI0 BpeMe Ha COPTUPAILLM aJITOPUTMH, Oa3upaHU Ha IMPEKTHO CPaBHEHHe.

13

[onHa rpaHuiia, [JOKasaHa upe3 aHaiu3 Ha [JbPBOTO Ha pelleHUueTo, BbPXY
aCHMITTOTMYHATa CJIOXKHOCT Ha M3UYMC/IUTe/nHara 3aj7ava Element Uniqueness.
[Joka3BaHe Ha aCUMNTOTMYHM [OJHMA TpaHULIM upe3 pPeAyKUUd MeXIy
W3UMCIMTeHM 3a7iaun — ripumep ¢ Closest Pair.

14

CoptupaHe, KoeTo He e 6a31MpaHO Ha JUpPeKTHO cpaBHeHHe. CopTHpaHe B JIMHEIHO
BpeMme — anroputmu Counting Sort 1 Radix Sort. AHa/nu3 Ha KOPEKTHOCTTa UM Y Ha
CJIOXKHOCTTA UM I10 BpeMe.

15

OpueHTHpaHy ¥ HeOpUeHTUPaHU rpadu OT alropuTMHUYHA I7le[iHa Touka. [Ipumepu
3a 3ajaud, KOMTO ce Mogenupar 4ype3 rpacu. IlpeacraBsHus Ha rpacgu uypes
MaTpHULIM Ha ChCE/CTBA U upe3 CIUCBLM Ha CbceficTBa. CpaBHUTeNEH aHalIW3 Ha
rpeJMCTBaTa U HEeJOCTaTbLMTE HA Te3U MpeACTaBsIHMs. AHalW3 Ha CJIOKHOCTTA
TI0 BpeMe Ha aAropuTMU BbPXY rpadu — BbBeXKJaHe Ha aCUMITTOTUYHM HOTal|UM Ha
(GYHKLMY Ha [iBe MPOMeH/IMBH. JIuHelHa C/I0}KHOCT 10 BpeMe Ipu rpadu.

16

Obxokgmane Ha rtpadu. OcHOBHa cxemMa 3a OOXO)KZAaHETO — MapKupaHe Ha
BbpXOBeTe C IjBeToBe. KOpDeKTHOCT M e(UKacHOCT Ha OCHOBHATa CXeMa.
OOXoK[aHeTo B IIMPWHA W B ABAOOYMHA KaTO pas/WYHMA WMIUIEMEHTalid Ha
OCHOBHATa CXeMa.

17

O6bxoxkpane B mupuHa (BFS) Ha rpadu. [IbppBo Ha 00XOXJaHeTO B MIMPHHA.
BugoBe pebpa B ob6xoxzaaHero B mpuHa. O0xoxkgaHe B AbibourHa (DFS) Ha
rpadu. /IbpBo Ha 00X0)KAaHeTO B AbnOOuMHA. BujoBe pebpa B 00X0XKZaHETO B
Abn00YMHA PU HEOPUEHTHPaHUTEe U OPUEeHTHPaHKTe rpadu.

18

OpueHTypanu alMkInyHu rpacdu (dags). AATOpUTMH 3a TOTIOJIOTUYHO COpPTUpaHe
Ha OpPUEHTHpaHW alMKIUUHU Trpacdy. AHanv3 Ha CA0KHOCTTa IO BpeMe Ha Te3u
anrOpUTMH.

19

CuHO CBbp3aHW KOMITOHEHTW Ha OPHUEHTHPaHU allMKJIWYHU rpadu. AJITOPUTHEM C
JIMHeMHa C/I0)KHOCT TI0 BpeMe 3a OTKPUBAHeTO Ha CUIHO CBbP3aHUTe KOMITOHEHTU
Ha OpUeHTHUpaHU rpadu.

20

Cps3Balli BbpxoBe (cut vertices) u cpsisBaiu pebpa (bridges) B HeopreHTHpaHUTe
rpadu. [IBycBBp3aHM KOMIIOHEHTH B HEOpHUEHTHpaHW Trpadu. AJITOPUTMHU C
JMHeWHa CJI0KHOCT T10 BpeMe 3a OTKPUBaHe Ha Cpsi3BallijuTe BbPXOBe Ha rpad v Ha
cpsi3BaimTe pedbpa Ha rpad.

21

MuHuManHy TIOKpWBAllM [JbpBeTa Ha HeopueHTWpaHu rpagu. [Ipumepu 3a
NIPWIOKEHWSI Ha MUHMMAJTHHU TIOKpUBaIy JbpBeta. OOIIia aIropuTMUUHa cxema 3a
aZrOpyMTMU 3a OTKpHBaHe HA MUHMMaJIHM MOKpUBalM AbpBeTa. Greedy cTparerum.
AnroputeM Ha [1pyM — rceBAOKO/ M aHa/IN3 Ha CJIOKHOCTTA T10 BpeMe.

22

AnropurbM Ha Kpyckan 3a OTKpMBaHe Ha MMHHMAaIHO TIOKPHBAILO [bPBO.
CnoXHOCT TI0 BpeMe Ha HavWBHaTa HWMIUIEeMeHTalus. YCbBBPLIEHCTBaHE Ha
HavBHaTa wumreMeHtaquss — Union-Find onepainuu BbpXy MHOXKeCTBa,
uMIIeMeHTHUpaHu upe3 AbpBeta. EBpuctuku Union by rank u Path compression.
AnHanu3 Ha CJI0)KHOCTTA IO BpeMe Ha ajaroputrbMa Ha Kpyckasn npu M3mnosi3BaHeTo
Ha /IBeTe eBPUCTHUKHU.

23

Hali-kbcu mbTHIIA B~ OpveHTHMpaHuTe rpadu. [lpuMepu 3a MNpUIOXKEHHSI.
[ToTeHI[MaHU TPYJHOCTHM MNPU HAJIUUMETO HAa OTpULIATE/THU Terja. AHaiv3 Ha




3ajlauaTa ¥ CpaBHEHMETO M ChC 3a/layara 3a Hal-AbIbl BT B rpad. AJrOpUTHM Ha
[uiikcTpa 3a HamMupaHe Ha HaW-KbCUTe MbTULA OT JaZileH BPbX [0 BCUUKU
OCTaHa/ld BbpPXOBe. AHaIM3 Ha KOPEKTHOCTTa M CJIOXKHOCTTA M0 BpeMe Ha TO3U
aJIrOPUTHM.

24

AnTOpUTMH 3a HaMHPaHe Ha Hall-KbCU ITbTUILL[A MEX/y BCUUKU JBOMKH BbPXOBE —
aJIrOPUTHM, MU3T10JI3BAll] /ITOPUThMa Ha [IuMKCTpa, U /iBa alropuThma, U3IoJI3Ballu
uzlesATa Ha JUHAMHUYHOTO TMporpamMupaHe: 1o Opost Ha pebpaTa B ITbTS W IO Hai-
rojeMusi HoMep Ha BpbX B MbTs (anropuTbMm Ha Djioi-Yopirba). AHaau3 Ha
CJIO’KHOCTTA T10 BpeMe.

25

IvHaMUYHO TIpOrpaMHpaHe — CBIIHOCT, TPeJUMCTBA U TNpWioKeHUs. [IpumMepu:
yrcia Ha @®ubOHAuUM, ONTUMA/HO BEP)KHO YMHOXKEHMEe Ha MAaTpHIH,
n3urciTeneH npobaem Independent Set ipu HeopueHTHpaHUTe rpadu, orpaHUUeH
0o pabpBetaTa. CpaBHeHHMe MeXAYy [JWHAMHUYHOTO TIpOrpaMHpaHe M Cxemarta
,,Pa3zensii u Bnajen”.

26

[MpakTHyeCKX pelmMMH  W3YUCAUTETHM 33flaul — Kjaac Ha CJI0KHOCT P.
[Tpaktryeckn Hepemwmmu (intractable) 3agaum. Ilpumepy BbpPXy HeOpHeHTHpaHU
rpapu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[TpakTyeckata  HepemIMMOCT KaTro  (yHJaMeHTa/HO, He3aBMUCeIl0  OT
TeXHOJIOTUUHUS TIporpec, orpaHWyeHre — MpuHUMIN Ha Landauer. ITpakTuuecku
HepeLIMMHU 3a/lauu C KPaThK cepTU(UKaT — Kaac Ha cioxHocT NP.

27

HeperepmuHupanu aJirOpUTMHU 3a pelllaBaHe B I10JIMHOMUAIHO BpeMe Ha 3ajauu C
KpaTku ceptu¢ukatu. BernpocsT flanu P = NP karo ¢yHpaMeHTanHa HepelleHa
3a/laua Ha TeOpeTUYHaTa KOMITIOTbPHA HayKa.

28

[TomHOMUA/IHU  pefyKLMA MeXKAYy U3UMCAUTEeSHU 3a/auu. NP-nienHOTA.
N3uucnurenna 3amaya SATISFIABILITY. [Joka3Bane Ha NP-mbiHOTaTa Ha
SATISFIABILITY — teopema Ha Kyk.

29

N3uucnurenna 3azauva 3-SATISFIABILITY. Joka3BaHe Ha NP-mbiHOTaTa Ha 3-
SATISFIABILITY. CernoctaBka Ha 3-SATISFIABILITY c¢ 2-SATISFIABILITY.
Hoka3Bane Ha NP-nmbaHotata Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. [Ipyru NP-IbjIHY U3UMC/IUTE/HU 3a/1aUH.

30

Arnpokcumanysita KaTo CpeJiCcTBO 3a ,,CIIpaBsiHe™ ¢ MpakTUuecKaTa HepelMocCT.
ArnpokcMMMpalii ajropuTMM € TOYHOCT [0 MYJ/TUIIMKaTMBHA KOHCTaHTA.
ITpumepu ¢ VERTEX COVER u 3amauata 3a TbpProBCKHsl ITbTHUK B ,,IlJTaHapeH
BapyaHT“. Y(JIOBHa HEBb3MOXXHOCT 3a [00po ampoKCcUMUpaHe Ha HIKOU
V3YNUC/IUTETHU 3aJjauul.
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