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YueOHa 3aeToCT dopma Xopapuym
AypautopHa Jlexkiuu 45
3aeTOCT CeMHMHApHU YTIPayKHEHHUST 30
ITpakTHUYeCKH YIIpakKHeHHsI (XOCTieTHpaHe) -
O01a ayAuTOpHa 3a€ToCT 75
W3BbHayaquTopHa | [ToAroTOBKa Ha JOMAIliHK PaboTH
3aeTOCT KoHTpo/iHM paboTH M MOATOTOBKA 3a TAX 30

YuebeH NpoekT

CamocrosTenHa pabora B 6ubmoTeka wiu ¢ uHTepHeT | 50

pecypcu
Hoxnan/TIpesenranus
IToAroToBKa 3a M3IUT 40
001112 U3BBHAY/AUTOPHA 3a€TOCT 120
OBIIA 3AETOCT 195
Kpeautu ayauTopHa 3aeTocT 2.5
KpeauTH u3BbHayJUTOPHA 32€TOCT 4

OBIIO ECTK 6,5




No @dopMupaHe Ha OLEHKAaTa M0 AUCHHUIVIMHATa' % oT oneHKaTa
1. | Korrpomnuu pabotu 35%
2. | Yyactue B yac
3. | Jomaminu paboTtu 3x5%=15%
4. | YuebeH npoekT
5. | TecToBa npoBepka
6. | Texyia camocrosiTesiHa paboTa /KOHTPOJIHO
7 Workshops {nH}opmalioHHO ThpceHe u
" | KOJIEKTMBHO 00CH)K/laHe Ha I0K/Ia/iu U pedepaTn)
8.
9.
10.
11. | I3nuT — npakTuKa (pelllaBaHe Ha 3a/iauu) 50%
12. | Y3nuT — Teopus

AHOTaINus HAa yyeOHATA JUCHMIIAHA:

YacTTa aHa/m3 BbBeXK/a MOHATUSTA F0JIeMUHA Ha BX0/la M CJIOKHOCT I10 BpeMe B Haul-
Jo1Ms Cylydad. BeBexxzar ce reTTe CTaHZAPTHU HOTAL[MM: TUTA, O-TOJISIMO, OMera-
roJIsIMO, 0-MajIkO ¥ OMera-Majiko, KOUTO Ce U3I10/13BaT IIPU U3C/leiBaHeTo Ha
aCUMITTOTUYHOTO HapacTBaHe Ha (yHKLIWH.

OcBeH C/10)XKHOCTTa B Hal-JIOLLIUS C/Iy4yal ce 3acsra ¥ aHa/lM3MpaHeTo Ha Cpe/iHaTa
CJIOXKHOCT. [leMOHCTHpAT ce (hopMasHU [J0Ka3aTesICTBa 3a KOPEKTHOCT Ha HIKOM 6a30BU
aJrOPUTMHU, KaTo 3a UTepaTUBHUTE aJrOPUTMU Ce BbBeXK/a WHBApUaHTa Ha LIUKb/1a
KaTo CpeJiCTBO 3a MpeLj3Ha BepU(UKaLys.

WntocTprpa ce Kak U3IM0/3BaHeTo Ha e(pMKACHU CTPYKTYPH JJaHHU 1o/100psiBa
CJIOXKHOCTTA 110 BpeMe. Pasryie)kaT ce TeXHUKU 3a OL|eHKa Ha CJIOKHOCTUTE Ha
aJIOPUTMU 10 BpeMe U Ce IeMOHCTpHpa U3I0/I3BaHeTO Ha Te3U TeXHUKU BbpPXY
K/acuuecku obpasuy. [leMOHCTpUpAT ce TEXHUKU 3a /J0Ka3BaHe Ha aCHMITOTHYHA
[l0JIHa TPaHMLIA Ha CJIOXKHOCTTA 10 BpeMe upes3 [/bpBeTa Ha pelleHneTo.

Boeexzar ce monsatusata NP-ITb/HOTa, ITOJIMHOMUAIHU PeyKLIUUA U allpOKCUMUpaHe.
ObsicHsiBa ce 3HaueHWeTO Ha (heHOMeHa NP-IThJTHOTA U 3HAYEHHETO Ha HepelleHaTa
3ajava ,,P = NP ?”. [leMoHCTpUpaT Ce HAKOM OCHOBHMU IOJIMHOMUA/IHUA peAyKLUU.
AHanv3upar ce HSIKOJIKO alipOKCMMUPpALLU aJIfOpUTbMa KaTo CJI0’KHOCT 10 BpeMe U KaTo
OT/la/IeYeHOCT Ha pellleHUeTo OT ONTUMA/IHOTO.

B vacTTa Au3aiiH ce BbBeX/aT peilia alfOPUTMUUHU CXeMH, NIpe/iHa3HauyeH! fia
yJIeCHST Ch3/laBaHeTO Ha e(pMKaCHU aArOpUTMU: pasfiesisii U Biafiel, JUHAMHUYHO
nporpamupane, greedy u o6xokzaHe Ha rpacu. [Ipunarar ce cxemuTe 3a pelllaBaHe Ha
TUTNAYHU 3a/]auM, KaTo Ce [[eMOHCTpPUpAT TeXHUKHUTe 3a OLieHsiBaHe Ha CJIOXKHOCT Ha
TI0JIy4eHUTe a/JIrOPUTMHU. [leMOHCTpHpAT Ce CXeMHU 3a ChbCTaBsiHe Ha allpOKCUMMpAlIU
aJITOPUTMU.

! 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.




HPEABHPI/ITEI[HPI HU3UCKBaAHUA:

CryzenTute TpsibBa /ja ca 3aro3HaTH C MaTeprasia OT KypCoBeTe:

3107
E107
K107
Al117
n1i47
3117
3227

YBog, B nporpamMupaHeTo

[VCKpeTHY CTPYKTYypH

AHamus 1

Anrebpa 1

E3unm, aBToMaT U U3UUC/IMMOCT
[Iporpamupasne

CTpyKTypH [JaHHU B [IPOrpaMUpaHeTo

OuyakBaHM pe3y/ITaTH:

CryneHTuTe @ MPUAOOUAT peasieH OMUT W YMEHWs B PEIIaBaHETO Ha WU3UUC/TUTETHU
3a/jauu:

Ha cb3paBaT JUCKpeTeH MoOJiel 3a 3aflayara M Ja ro KojupaT B KOMIAkKTHa
CTPYKTypa JaHHU.
Ha peanu3upar egeKTHBEH a/JropuTbM 4Ype3 M3IMO0/3BaHe Ha aJlrOPUTMUYHU

CXeMH, CBEXK/JaHe /10 U3BeCTHU a/ITOPUTMH, WM U3IO/I3BaHe Ha KOMOWHALIUSL OT
10/00HU TeXHUKHU.

la noka3BaT KOPEKTHOCTTA M [ja MpaBsIT aHa/ M3 Ha CJI0XKHOCTTa Ha pelleHUeTo.
Ia TbpcAT mo-700pu pelieHUs ype3 W3I0J/I3BaHe Ha eUKACHU CTPYKTYPH OT
JlaHHMU.

Koraro 3apgauata e NP-TpygHa, Ja pasmno3HaBaT To3U (akT U Ja TbPCAT
MOJXO/IAALL alPOKCUMUPALL| a7TOPUTHM WU [la OTJE/AT YaCTHU C/lyyau, B KOUTO
3aziauaTta Moxke /ja Ob/ie peltieHa 66p30.




Yue6GHo co0vpricaHue

Tema: Xopapuym

MareMaTrueCKy UHCTPYMEHTH 3a aHa/Iu3 Ha aJlfOPUTMU — 5+8
aCUMITTOTUYHY HOTALY U TeXHWUTe CBOMCTBA, METO/H 3a
pelllaBaHe Ha PeKYPEeHTHH OTHOIIEHHS.

AJITODUTMUYHU CXEMHU. 5+8

CopTUpOBKH. 12+5

Bbp3u anropuTMu BbpXy rpadu. 12+5

Ul lw|no

KracoBe Ha CJIO)KHOCT Y TPYAHOPELINUMH 3a/jaui. 11+4

KoHcnekm 3a uznum

Bosrnpoc

ANropuTMH — CBILHOCT U He(OpMalHO orpejesneHue. V3uncaurenHy 3ajayvul.
l'onemyHa Ha Bxoza Ha anroputMy. C0XKHOCT MO Bpeme B HaW-JIOWIWS CIydvau,
cpefHa YU B HaW-#00pusi ciyvyaid. JIpyrM acrieKTM Ha aHalvM3WpaHeTo Ha
ICOPUTMUTE — CJIOXKHOCT I10 IaMeT ¥ KOPEKTHOCT.

ACMMIITOTUYEH aHa/IU3 Ha CJIOKHOCTTA — Ba)KHOCT, TIPEIUMCTBA U HEJJOCTAThLIH.
Horaiuu, ©3ro/a3BaHu Mpy acumMnToTuuHus adanus: O, 0, O, Q, w.
CBOIiCTBa Ha HOTAL[MUTE.

CopTvpaHe — MPUIOXKEHUSs], Ba)KHOCT, MPUMePU 3a M3M0Ji3BaHe Ha COPTUPAHETO
KaTo IbpBa (pa3a OT pellleHueTo Ha APYTM U3UMC/IUTeTHH npobsiemu. CTabumHU U
HeCTaOWTHY COPTHpAIY alrOPUTMHU. Ba)kHOCT Ha cTabUIHOCTTA.

EnemeHTtapuu coptupaiu anroputmu: Selection Sort u Insertion Sort. BeBexxnane
Ha TIOHATHMETO WHBApUAHT Ha LMKbja. AHalyM3 Ha KOPEKTHOCTTa Ha /BaTta
aJIFOPUTHMa upe3 MHBapUaHT Ha LIMKb/a. AHa/i3 Ha CJI0JKHOCTTA 10 UM 110 BpeMe
¥ 110 1laMeT. AHaM3 Ha CTabMTHOCTTA VM.

[BoruHa nupamyza. [IBoMyHKUTe MUpPaMUU KaTo MOMBbIHEHU [JBOUYHU JbpBeTa U
Kato macuBu. PopMynM 3a MHAEKCUTe Ha POJUTeNs U Ha Jieliata Ha JjafieH BPbX,
ako mnupamyziata e MmacuB. IlocTposiBaHe Ha NUpaMy/ia: HavBeH HAuuH upe3
Heaplnsert.

[TocTtposieaHe Ha mupamuja upe3 ¢yHKius Heapify. AHanm3 Ha C/IOXKHOCTTA TI0
BpeMe Ha /IBaTa HauWHa 3a TMOCTposiBaHe Ha mupamuza. Ilporeaypa Build Heap.
AHanm3 Ha CJI0JKHOCTTA: HauBHa uMruieMeHTarus (@(n.lg(n))) 1 6up3a
nMIieMeHTauus (@(n)). [Mupamuganna coptupoBka Heapsort.

[TpropUTeTHY OMaIlKK KaTo abcTpakteH Tu gaHHu (AT/I). ViMriiemMeHTalus Ha
TIPUOPUTETHU OTAIIIKKA Upe3 0OMKHOBEHH MACHBHU U Upe3 JBOUYHU MTUPAMUIN —
CpaBHUTeEJIEH aHa/IM3 Ha Te3M /IBe UMILIeMeHTaL1K.

PekypcvBHM anropuTMM M DeKypeHTHU OTHolleHus. MeToAu 3a pelllaBaHe Ha
PEeKypeHTHM OTHOLLEHMs: pa3BMBaHe, [bPBO Ha peKypcHsTa, WUHAYKLuUs, Master
Theorem, MeToAbT € XapakKTEPUCTUYHOTO ypaBHeHuUe. [Iprmepu.

AnroputMyyHa cxeMa Paszensai u Bnaziel: CbIIHOCT, IPUIOKEHUe U OrpaHUYeHHUs
BbPDXy BB3MOXXHOCTUTe 3a mnpuiaraHeto W. Coptupaiy anroputsM Mergesort.
Amnanu3 Ha CJIOKHOCTTa T10 BpeMe U Ha cTabunHocTTa Ha Mergesort. AHami3 Ha
KOpeKTHOCTTa Ha Mergesort ype3 UHBapuaHTa Ha LIUKbJIA.

10

Coptupany anropursM  Quicksort . AHanu3: C/I0KHOCT 1O BpeMe M IaMer,
CTabW/IHOCT, aHa/IM3 Ha CpejiHaTa CJIOXKHOCT 110 BpeMe, KOPEKTHOCT.

12

[omHu rpaHvIM BbPXY ACUMIITOTUYHATa CJOXKHOCT IO BpeMe Ha aJrOpUTMM.
[bpBeta Ha peneHreTo (decision trees). MeToy 3a ioKa3BaHe Ha JIOJHU T'DaHMULIY,
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OasvpaH [abpBeTa Ha pelleHuero. [lonmHa rpaHWIja BBPXY AaCHMITTOTHYHATa
CJIOKHOCT TI0 BpeMe Ha COpPTHUpAlM aaropuTMH, 0OasvpaHd Ha [JUPEKTHO
CpaBHEeHHe.

13

[onHa rpaHuLia, loKa3aHa upe3 aHa/li3 Ha JbPBOTO Ha pellleHneTo, BbPXY
aCUMMTOTUYHATA CA0XKHOCT Ha M3uMcauTesnHata 3ajada Element Uniqueness.
[lokasBaHe Ha aCHMITOTAYHU [IOJIHU TpaHULIM 4Ype3 peAyKUHUHd MeXAay
y3uyncauTenHy 3agaun — npuMepu ¢ Convex Hull u Closest Pair.

14

CopTHpaHe, KOeTo He e Ha3upaHO Ha JUPEKTHO cpaBHeHHe. CopTHpaHe B JTMHEHHO
Bpeme — anroputmu Counting Sort u Radix Sort. AHanM3 Ha KOPEKTHOCTTa UM U Ha
CJIOXKHOCTTA MM 10 BpeMe.

15

OpueHTHPaHU U HeOpHUeHTUpaHU rpadu OT a/irOPUTMUUHA TJiefiHa Touka. [Ipumepu
3a 3aZjaud, KOWUTO ce mojenupaT upe3 rpacdu. IlpeacraBsHusi Ha rpadgu upes
MaTpHULM Ha ChCeJCTBA U upe3 CIUCHLM Ha ChcefcTBa. CpaBHUTeNEH aHalIu3 Ha
TpeJIMMCTBaTa ¥ HeJOCTaThLUTe Ha Te3W Mpe/CTaBsSHUsS. AHaIM3 Ha CJIOKHOCTTA
TI0 BpeMe Ha aJirOpPUTMH BBPXY rpadu — BbBeXKAaHe Ha aCUMIITOTHYHUA HOTALIMU Ha
(GyHKLIMY Ha /IBe TIPOMeH/IUBU. JIMHelHa CJI0OKHOCT T10 BpeMe Mpu rpadu.

16

ObxoxxpaHe Ha rpapu. OcHOBHa cxeMa 3a OOXOXKJAaHETO — MapKupaHe Ha
BbpxoBeTe C I[BeToBe. KOpeKTHOCT ¥ e(MKAaCHOCT Ha OCHOBHAaTa CXeMma.
OOXOXZaHeTO B IIMPWHA W B ABJIOOYMHA KATO DPA3/JMUHM WMIUIEMEHTAl[MX Ha
OCHOBHATa CXeMma.

17

O6xoxxgane B 1mwmpuHa (BFS) Ha rpadu. [IbpBO Ha 00XOXKJaHETO B IIMPUHA.
BugoBe pebpa B 06xoxgaHeTo B mmpuHa. O6xoxkgaHe B awiadbounna (DFS) Ha
rpadu. [IspBo Ha 00X0XxJjaHeTO B AbabourHa. BujioBe pebpa B 00x0X/JaHeTO B
['bJIDOYMHA TIPY HEOPUEHTHUPAHUTE U OPUEHTUPaHUTe rpadu.

18

OpueHTrpaHy aluKInyHy rpacu (dags). AJNTOPUTMH 3a TOTIOJIOTUYHO COPTHUPaHe
Ha OpWEeHTHWpaHU alMK/IWYHU Tpadpu. AHa/lu3 Ha CI0XKHOCTTAa M0 BpeMe Ha Te3u
aJITOPUTMH.

19

CunHO CBBP3aHM KOMIIOHEHTH Ha OPUMEHTHPAHHU allUK/IWYHU Tpau. AJTOPUTHM C
JIMHeMHa CI0)KHOCT T10 BpeMe 3a OTKPMBAHETO Ha CH/IHO CBbP3aHHTe KOMITOHEHTH
Ha OpUeHTHUPaHU rpadu.

20

Cps3Baiy BbpxoBe (cut vertices) u cpsizBaiiy pebpa (bridges) B HeoprieHTHpaHUTe
rpadu. [IBycBbp3aHH KOMIIOHEHTU B HeOpHWeHTHpaHU rpadu. AJITOPUTMU C
NMHeWHa CJIOKHOCT TI0 BpeMe 3a OTKpHBaHe Ha Cpsi3BallliTe BbPXOBe Ha rpad U Ha
cpsi3BaiuTe pedpa Ha rpag.

21

MuHuManHy TOKpPUBAIM JbpBeTa Ha HeopueHTWpaHu rpadu. Ilpumepu 3a
TIPUJIOKEHHS] HA MUHUMAJTHHA MOKPHBAIIM AbpBeTa. O0lja arOpUTMHUYHA CXeMa 3a
aJIFOPUTMU 3a OTKPUBaHe Ha MUHUMaAJIHU MOKpUBAIlY AbpBeTa. Greedy cTpaTeruu.
AnroputsM Ha [1pyM — MCeBJOKO/ ¥ aHaJ/IM3 Ha CJI0KHOCTTA M0 BpPeMe.

22

AnropureM Ha Kpyckanm 3a OTKpMBaHe Ha MHWHMMAaIHO ITOKPMBAILO [BPBO.
Cno)XHOCT 1O BpeMe Ha HauBHaTa HWMIUIEMEHTalMs. YCbBBPIIEHCTBAHE Ha
HauBHaTa wumruieMeHTaisi — Union-Find onepanyyu BBPXy MHOXKECTBa,
VMIlZIeMeHTHMpaHu upe3 gbpBera. EBpuctriku Union by rank m Path compression.
AHany3 Ha CI0)KHOCTTa 10 BpeMe Ha aaropuTbMa Ha Kpyckan npy U3Mnoia3BaHeTo
Ha /IBeTe eBPUCTUKM.

23

Hail-kbcu mbTHIa B~ opueHTHpaHuTe rpadu. Ilpumepr 3a npUIOKeHUs.
[ToTeHUWanHU TPYAHOCTU TPY HaIUUMETO Ha OTpULIATe/THU Terja. AHaiu3 Ha
3aZjauaTa U CpaBHEHHETO U ChC 33/iauyarta 3a Hal-AbIbl ObT B rpad. AIrOpUTHM Ha
[uiikcTpa 3a HaMmMpaHe Ha HaW-KbCHMTe MbTULLA OT JafeH BPbX [0 BCUUKU
OCTaHa/M BbpXOBe. AHa/lM3 Ha KOPEKTHOCTTa M CJOXKHOCTTa IO BpeMe Ha TO3U
AJICOPUTHM.

24

AnropuTMy 3a HAMHMpaHe Ha Hall-KbCH MTbTUILA MKy BCUUKHU JIBOMKH BbPXOBE —
ICOPUTBM, W3MOM3Ball] airopurbMa Ha [JIMMKCTpa, W [Ba a/JrOpUTbHMa,
M3MO/I3BAlM HJjesTa Ha AUHAMAYHOTO TIporpamMupane: mo 6posi Ha pebpara B mbTs
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Y I0 Hau-rojeMusi HOMep Ha BpbX B ITbTA (a/ropuTbM Ha Dioig-Yopurbn).
AHany3 Ha C/10)KHOCTTA I10 BpeMe.

25

[yHaMMUHO TIpOrpamMHpaHe — CBIHOCT, TIPeJUMCTBa U TpuaoKeHus. [Ipumepu:
yrcsia Ha @uboHaud, ONTHMATHO BEpPXKHO YMHOXKEHHMe Ha  MaTpHIH,
v3uncIMTeHa 3afaua Independent Set ripu HeopueHTUpaHuTe rpadu, orpaHUUeHH
no naspBetata. CpaBHeHHWe MeXAY [JHHAMHYHOTO TpOrpamMHpaHe W CxemaTa
,Pa3zensy v Biajen”.

26

[MpakTUUeCcKX pelIMMM  M3YUC/IUTENHM 33Zlaud — Kjaac Ha ClIoXHOCT P.
[Mpaktryecku HepemmmMu (intractable) 3amaum. IIpumepu BbpXy HeopHeHTHpaHU
rpadu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[lpakTyeckaTta HepelMMOCT KaTo  (yH/JaMeHTa/lHO,  He3aBHCel|0  OT
TeXHOJIOTUUHUSI TpOrpec, orpaHryeHve — mpuHUun Ha Landauer. IlpakTuuecku
HepellrMMU 3a/lauM C KPaThK CepTUQUKAT — K/lac Ha cjiokHOCT NP.

27

HepnerepmuHUpaHy alropuTMHy 3a pelllaBaHe B IIOJIMHOMUA/IHO BpeMe Ha 3a/aui C
KpaTku ceptu¢ukatd. BernpoceT famm P = NP kaTo (yHzameHTanHa HepelleHa
3a/ja4ya Ha TeOpeTUYHaTa KOMITIOTbPHA HayKa.

28

[TomMHOMKaIHY  pefyKLMM MeXJy W3UMC/AUTe/HU 3aJauyM. NP-nibiHOTA.
N3uncmurenna 3amaua SATISFIABILITY. [lokasBaHe Ha NP-nmbiaHoTata Ha
SATISFIABILITY — teopema Ha Kyk.

29

N3uncnurenna 3agava 3-SATISFIABILITY. lokasBane Ha NP-nmbaHoTara Ha 3-
SATISFIABILITY. CerioctaBka Ha 3-SATISFIABILITY c 2-SATISFIABILITY.
Hoxa3sane Ha NP-nbenHorata Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. [pyru NP-ib/IHY U3UMCIMTEHU 3a/1a4H.

30

AnpokcrManusitTa KaTo CpefCcTBO 3a ,,CIpaBsgHe ¢ MpakThyeckaTra HepermmocCT.
AnpokcruMupal aaropuTMM € TOYHOCT [0 MYJ/ITUIVIMKaTUBHA KOHCTAaHTA.
ITpumepu ¢ VERTEX COVER u 3ajauara 3a TbproBCKUs ITbTHUK B ,IlJIaHapeH
BapuaHT”. Y(CJIOBHAa HEBB3MOXXKHOCT 3a J00pO ampoKCMMHpaHe Ha HSIKOU
V3UMC/IUTE/IHU 33a4H.
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