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11. | Y3nut — npakTHKa (pellaBaHe Ha 3a/ja4ul) 50%

12. | Ysnut — Teopus

AHoOTanus Ha yyeOHaTa JUCHHUIUIAHA:

YacTTa aHanu3 BBBEX/Id IMTOHATHUATA I'OJIEMHMHA Ha BXOJ4d U CJIOKHOCT 1O BpeMe B Hal-
JIomurA cnyqal‘/’l. B’bBe)K,E[aT Ce IeTTe CTaHAdPTHU HOTALUWH: TUTA4, O-I'0JIAIMO, OMera-
ro/jisiMo, 0-MdJIKO M1 OMerad-Majiko, KOMTO Ce U3I10/I3BaT IPpH U3C/Ie/IBAHETO Ha
dCUMIITOTUYHOTO HAPAaCTBdHE Hd q)yHKL[I/II/I

OcBeH C/I0XKHOCTTA B Hal-JIOMINS C/Ty4aid Ce 3acsira U aHa/IM3WPaHeTo Ha CpejHaTa
CJIOKHOCT. [IeMoHCTHUpAT ce pOopMaTHU /OKa3aTesICTBa 3a KOPEKTHOCT Ha HAKOW 06a30BU
aJIFOPUTMHU, KaTO 32 UTEPATUBHUTE alrOPUTMU Ce BbBeXK/la MHBAapHaHTa Ha I[UKbJia
KaTo CpeJCTBO 3a Mperu3Ha BepuhUKalusl.

WnrocTpurpa ce Kak M3Mo/a3BaHeTo Ha epUKaCHUA CTPYKTYPU JaHHU TOA00psiBa
CJIOXKHOCTTA 110 BpeMe. PasryiekaT ce TeXHUKHU 3a OL|eHKa Ha CJIO)KHOCTUTE Ha
aJIfOPUTMU 10 BPEME U Ce [eMOHCTPHUpa M3I0/I3BaHETO Ha Te3U TEXHUKH BbPXY
K/Iacuuecku obpasuu. JleMOHCTpHUpAT ce TEXHUKHU 3a /J0Ka3BaHe Ha aCHMITTOTHYHA
Jl0JIHa TPaHMLIA Ha CJIOXKHOCTTA 110 BpeMe upe3 /’bpBeTa Ha pelleHUeTo.

BbBexxgat ce noHstusata NP-Tb/IHOTA, MOJTMHOMUAHU pelyKIIMU 1 allpOKCUMUpaHe.
OObsicHsiBa ce 3HaueHHeTO Ha (heHomeHa NP-TTb/THOTa M 3HAUEHUETO Ha HepelleHaTa
3azaua ,,P = NP ?”. JleMOHCTpUpAaT Ce HAKOM OCHOBHH MOJMHOMUAIHU PeAYKLWH.
AHanu3upar ce HIKOJIKO alipOKCHMUPALLY arOPUThMa KaTo CJIOXKHOCT 110 BpeMe U KaTo
OTJja/IeyeHOCT Ha pelIeHneTo OT ONTUMAaIHOTO.

B uvacTTa Au3aiiH ce BbBeX/IaT peuLia alfOPUTMUUHU CXeMU, TIpeJiHa3HayeHu Jia
yJIeCHST Cb3/laBaHeTO Ha e()MKACHU aJITOPUTMU: pa3fiefsi U Blajied, AUHAMUUYHO
nporpamupane, greedy u o06xoskzaHe Ha rpadwu. [IpuiaraT ce cxemMuTe 3a peliaBaHe Ha
TUIMYHY 33/]au, KaTo Ce JeMOHCTPUpAT TEXHUKHWTE 3a OLleHsIBaHe Ha CJIOXKHOCT Ha
TMOJTyYeHUTe aJITOPUTMU. [leMOHCTpUpAT Ce CXeMHU 3a ChCTaBsiHe Ha alpOKCUMHUPALLU
alIrOPUTMH.

! 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.




HpenBapnTean HU3UCKBaAHUA:

CryzaenTute TpsiOBa Jja ca 3aro3HaTH C MaTepuasa OT KypCOBeTe:

3107
E107
K107
Al117
n147
3117
3227

YBog, B porpaMrpaHeTo

[VCKpeTHY CTPYKTYypH

AHamus 1

Anrebpa 1

E3num, aBTOMaT ¥ U34UC/IMMOCT
IIporpamupane

CTpyKTypH [JaHHU B [IPOrpaMUpaHeTo

OuyakBaHM pe3y/aTaTH:

CryneHTHTe [a MPUAOOUAT peasieH OMUT U YMEHHUS B peIllaBaHeTO Ha WU3UMC/IUTETHU
3a/jauu:

Ia cb3maBaT JUCKpETeH MOJesl 3a 3ajiayaTta M Jla o KOAMpaT B KOMITaKTHA
CTPYKTYypa JIaHHHU.

Ia peamusupaT e(eKTHBEH aJroOpuTbM upe3 W3IM0/I3BaHe Ha aJrOPUTMUYHHU
CXeMH, CBEXX/JaHe /10 U3BECTHU arOPUTMHU, WM U3I0/13BaHe Ha KOMOMHAIUS OT
10/J00HU TeXHUKHU.

ITa moKa3BaT KOPEKTHOCTTA M /la MPABSAT aHA/IM3 Ha CJIOXKHOCTTA Ha PeIleHUeTo.
Ia TbpcAT mo-700pu pellieHysT upe3 U3MO0/3BaHe Ha e(MUKAaCHU CTPYKTYpH OT
JAHHU.

Koraro 3asjauata e NP-TpyzAHa, /Ja pasno3HaBaT TO3W (aKT U Ja THPCAT
TIO/TXO/ISAII] aTIPOKCUMUPAIL] aITOPUThM WJIH /la OT/Ie/ST YaCTHU C/TyYau, B KOUTO
3a/1ayata Moxke Jia Ob/ie perieHa OGbp30.




Yue6GHo co0vpricaHue

Tema: Xopapuym

MaremMatrueCK1 UHCTPYMEHTH 3a aHa/Iu3 Ha a/lfOPUTMU — 5+8
aCUMITTOTUYHY HOTALUM U TeXHUTE CBOMCTBA, METOAH 3a
pelllaBaHe Ha PeKYPEHTHU OTHOLLEHUSI.

AJITODUTMUYHU CXEMHU. 5+8

CopTUpOBKH. 12+5

bbp3u anroputmMu BbpXy rpadu. 12+5

G lw|n

KracoBe Ha CJIO)KHOCT Y TPYAHOPELIUMH 3ajaui. 11+4

KoHcnekm 3a uznum

Bosrnpoc

ANropuTMH — CBIIHOCT M He(OpMajaHO onpefeseHde. V3uuciuTesHU 3ajauul.
l'onemyHa Ha BXoza Ha anropuTMH. CIIO’KHOCT IO BpeMe B HaW-/IOLIMS C/lydad,
cpefHa U B Hal-fobpus ciydail. [Ipyru acmeKkTd Ha aHa/lu3UpaHeTo Ha
aIrOpUTMHUTE — CJIOXKHOCT 10 NIaMeT U KOPeKTHOCT.

ACMMIITOTUYEH aHa/IU3 Ha CII0KHOCTTA — BAXKHOCT, TIPEIUMCTBA U HEJJOCTAThIIH.
Horaruu, ©3mno/a3BaHu Mpu acumntToTuuHus adanus: O, 0, O, Q, w.
CBOIiCTBa Ha HOTAL[UUTE.

CopTvpaHe — TIPUIOXKEHUsI, Ba’KHOCT, TIPYMEPU 3a W3IMO0/I3BaHe Ha COPTHUPAHETO
KaTo MmbpBa (pa3a OT pelieHHneTo Ha JPYTrd U3UMCIUTeHU Tpobiemu. CTabuiHu U
HeCTaOWTHY COPTHpAIY arOPUTMHU. Ba)kHOCT Ha cTabU/IHOCTTA.

Enemenrtapuu coptupaiy anroputMmu: Selection Sort v Insertion Sort. BeBexxaane
Ha TIOHATMETO WHBApWMAHT HAa LMKbJa. AHaIM3 Ha KOPEKTHOCTTa Ha JBara
anropyMTbhMa Ype3 WHBApUaHT Ha LJUKbJa. AHajau3 Ha CJI0’KHOCTTA I10 UM I10 BpeMe
¥ 110 TlaMeT. AHa/M3 Ha CTabMTHOCTTA VM.

[lBoruHa nupamuza. JJBoMuHUTe NUpaMUY KaToO MOIbJIHEHU [JBOWYHHU AbpBeTa U
Kato macuBu. PopMynM 3a MHAEKCUTe Ha POJAWTENS W Ha JeliaTa Ha JiaJieH BpbX,
ako nupamyjara e macub. IlocTposiBaHe Ha mNupamMup/ia: HauBeH HauyMH upe3
Heaplnsert.

[TocTposieaHe Ha nupamua upe3 GyHkius Heapify. AHanu3 Ha CJIO)KHOCTTa TI0
BpeMe Ha /iBaTa HauWHa 3a MOCTposiBaHe Ha mupamuja. [Ipoueaypa Build Heap.
AHanu3 Ha CJI0’KHOCTTA: HauBHa umruieMeHTanys (@(n.lg(n))) 1 6up3a
nMIieMeHTauus (G(n)). Iupamuganna coptupoBka Heapsort.

[TpriopUTeTHY OMaIlKK KaTo abcTtpakteH Tun gaHHu (AT/I). ViMriiemeHTalus Ha
TIPUOPUTETHU OTAIIIKKA Ype3 0OMKHOBEHH MACHBH U Upe3 JBOUYHU MTUPAMUIN —
CpaBHUTEJIEH aHa/IM3 Ha Te3M /IBe UMILJIeMeHTaL|H.

PekypcvBHM anropuTMHM M peKypeHTHM OTHOIIeHHs. MeToay 3a pellaBaHe Ha
PEeKYPeHTHM OTHOILIeHMs: pa3BMBaHe, AbPBO Ha peKypcusTa, WHAyKLus, Master
Theorem, MeToABT C XapakKTEPUCTUYHOTO ypaBHeHuUe. [Iprmepu.

AnroputMyyHa cxeMa Paspesnsiii v Biiafie: ChbIHOCT, IIPUWIOXKEHHe U OrpaHuYeHHUs
BbPXy BB3MOXXHOCTUTe 3a npwiaraHeto u. Coptupaly anropuTsMm Mergesort.
AnHanm3 Ha CJIOKHOCTTa TIO BpeMe U Ha crabumHocTTa Ha Mergesort. AHanv3 Ha
KOpeKTHOCTTa Ha Mergesort ype3 UHBapyaHTa Ha LIUKbJIA.

10

Coptupany anropureM  Quicksort . AHanW3: CAOXKHOCT IO BpeMe M IaMeT,
CTabW/IHOCT, aHa/IM3 Ha CpejiHaTa CJIOXKHOCT 110 BpeMe, KOPEKTHOCT.

12

[omHu TrpaHULM BBPXY aCUMMTOTHYHATA CJIOXKHOCT T0 BpeMe Ha aJrOpUTMHU.
[bpBeta Ha pelieHreTo (decision trees). MeTo/ 3a JjoKa3BaHe Ha JIOJTHUA TPAHULH,
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0a3vpaH [abpBeTa Ha pelieHWero. JlosiHa TpaHWIl@a BbPXY aCHMITOTUYHATA
CJIO)KHOCT TI0 BpeMe Ha COpPTHpallld aaropuTMH, 0a3vpaHd Ha [JUPEKTHO
CpaBHEHHE.

13

[onHa rpaHuLia, loKa3aHa upe3 aHa/ii3 Ha JbPBOTO Ha pelleHneTo, BbPXY
aCMMIMTOTHUYHATA CJIOKHOCT Ha W3uMcauTenHaTa 3ajadya Element Uniqueness.
[lokasBaHe Ha AaCUMIITOTUUHU [OJMHU TpaHULM 4Ype3 peAyKLUUU MeXay
y3uyncauTenHuy 3agaun — npuMepu ¢ Convex Hull u Closest Pair.

14

CopTupaHe, KoeTo He e 6a3rpaHO Ha AUPEKTHO cpaBHeHue. CopTHpaHe B JIMHEHHO
Bpeme — anroputmu Counting Sort u Radix Sort. AHanM3 Ha KOPeKTHOCTTA UM U Ha
CJIOXKHOCTTA MM T10 BpeMe.

15

OpueHTHpPaHU U HeOpHeHTUpaHU Tpadu OT aJTOPUTMUYHA TJiefiHa Touka. [Ipumepu
3a 3a/laud, KOWUTO ce Mojenupar upe3 rpadu. IlpeacraBsHusi Ha rpadu upe3
MaTpHULIM Ha ChCE/CTBA M Upe3 CIUCBHLM Ha CbceAcTBa. CpaBHUTeNEH aHaIU3 Ha
NpeJIMMCTBaTa M HEeJOCTAaThLIMTE Ha Te3W TpeJCTaBsHUs. AHa/lli3 Ha CJI0XKHOCTTA
TI0 BpeMe Ha aJirOpPUTMH BBPXY rpadu — BbBeXKJaHe Ha aCUMITTOTUYHU HOTAl[MX Ha
(GyHKIIMY Ha JIBe TIPOMeH/IUBU. JIMHelHa CJI0KHOCT T10 BpeMe Mpu rpadu.

16

O6bxoxxpaHe Ha rpadu. OcCHOBHa cxema 3a OOXOXK/aHeTO — MapKupaHe Ha
BbpXOBeTe C I1iBeToBe. KOpPEKTHOCT W e(UKaCHOCT Ha OCHOBHaTa CXeMa.
OOXOXZaHeTO B IIMPWUHA W B [BJOOUMHA KaTO DPA3IMUHA HMIUIEMEHTAl[MM Ha
OCHOBHATa CXeMma.

17

O6xoxxgane B mmpuHa (BFS) Ha rpadu. [JBpBo Ha 00X0KJaHeTO B IIMPUHA.
BugoBe pebpa B obxoxzgaHero B mmpuHa. ObxoxgaHe B abnbounHa (DFS) Ha
rpadu. [IbpBo Ha 0OxoXJaHeTo B [JbjibourHa. BujoBe pebpa B 00X0)KJaHeTO B
['bJIDOYMHA TIPY HEOPHUEHTHPAHUTE U OPUEHTHUPaHUTe rpadu.

18

OpueHTrpaHy auuKMuuHu rpadu (dags). ANropuTMU 3a TOTOJIOTUYHO COpPTUpaHe
Ha OpUEeHTHpaHU alMKIWYHU rpadu. AHanM3 Ha CJIO)KHOCTTA IO BpeMe Ha Te3u
aJITOPUTMH.

19

CunHO CBBp3aHU KOMIIOHEHTH Ha OPUEHTHPaHU alUKIUMUHU rpadu. AIrOpUTBM C
JIMHeMHa CJI0XKHOCT T10 BpeMe 3a OTKPUBAHETO Ha CH/IHO CBbp3aHWUTE KOMIIOHEHTU
Ha OpYeHTHUPaHU rpadu.

20

Cpsi3Bainy BpxoBe (cut vertices) u cpsi3aiu pebpa (bridges) B HeoprieHTHpaHUTe
rpadu. [IByCBbp3aHU KOMIIOHEHTM B HeOpUeHTHpaHU Tpadu. ANTOpPUTMU C
JIMHeWHa CJIOKHOCT TI0 BPeMe 3a OTKPUBaHe Ha CpsI3Ball[UTe BbPXOBe Ha rpad) U Ha
cpsizBamuTe pebpa Ha rpad.

21

MuHuManH TIOKpWBAIlM [bpBeTa Ha HeopueHTupaHu Trpadu. I[lpumepu 3a
TIPU/IOKEHHsS] HA MUHUMAJTHU TIOKpHUBAIM abpBeTa. OOIIa arOpUTMHYUHA CXeMa 3a
aZIrOpYUTMU 3a OTKpMBaHe Ha MUHMMAasHU MOKpHYBalu AbpBeTta. Greedy cTpaTeruu.
AnroputsM Ha [1pyM — MCeBJOKO/ ¥ aHa/IM3 Ha CJI0KHOCTTA M0 BpPeMe.

22

AnropureM Ha Kpyckan 3a OTKprBaHe Ha MHHMMAaHO ITOKPUBAIlO JbPBO.
CnoXHOCT TIO BpeMe Ha HauvBHAaTa MWMIUIEMEHTalus. YCbBBbPLIEHCTBAHE Ha
HauBHaTa wuMmIuvieMeHTalusi — Union-Find omepaiuu BBPXy MHOXeCTBa,
VMIUIEeMeHTHpaHu upe3 gbpBera. EBpuctuku Union by rank u Path compression.
AHany3 Ha C/I0)KHOCTTa 10 BpeMe Ha a/JropuThbMa Ha Kpyckan npuy u3nonsBaHeTo
Ha /IBeTe eBPUCTUKM.

23

Haii-kbcu mbTHIIa B~ opueHTuMpaHuTe  rpadu. Ilpumepu 3a NpUIOKeHUs.
[ToTeHUManHX TPYAHOCTU TIPU HA/JMYMETO Ha OTpULATeJIHA Tersja. AHaau3 Ha
3aZlauaTa U CpaBHEHHETO U ChbC 3ajlauaTa 3a Hal-Ababl BT B rpad. AAropuTbM Ha
[wuiikcTpa 3a HamMMpaHe Ha HaW-KbCUTe IbTUINA OT JaJleH BPbX [0 BCUUKU
OCTaHa/ M BbpXOBe. AHa/lM3 Ha KOPEKTHOCTTa U CJIO)KHOCTTAa MO BpeMe Ha TO3U
aZrOPUTHM.

24

AnropuTMy 3a HAMHMpaHe Ha Hall-KbCH MTbTUILA MEXK/Y BCUUKH JIBOMKH BbPXOBE —
anropyuThM, WU3MOJ3BaAll anropMTbma Ha /[IMHWKCTpa, W [Ba a/JropuTbhMa,
M3MO/I3BAlM W/iesiTa Ha AMHAMUYHOTO MTpOrpaMupaHe: 1o O6posi Ha pebpaTa B IIbTsI
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Y II0 Hau-rojeMusi HOMep Ha BpPbX B MIbTA (aaroputreM Ha Drong-Yopurbi).
AHanu3 Ha C/10)KHOCTTA I10 BpeMe.

25

[JuHaMUUHO TIporpamMupaHe — ChIIHOCT, TIPeIUMCTBA U TIpWioXKeHus. [Ipumepu:
yrcsia Ha @uboOHauM, ONTHMASHO BEPWKHO YMHOXKEHHE Ha MAaTpUIIY,
v3uncIMTeHa 3ajaua Independent Set mpu HeopueHTHpaHUTe Tpady, OrpaHUUYeHU
no nawpBetata. CpaBHeHHMe MeXIy AWHAMUYHOTO IIpOrpaMHpaHe W CxemaTa
,Pa3ziensy U Biajen”.

26

[MpakTUUeCcKu pelIMMU  W3YMCJIWTeNHW 33Jjaud — Kjac Ha CIOKHOCT P.
[Mpaktryeckn Hepewmumu (intractable) 3asauu. [IpuMepu BbpXy HeOpHeHTHpaHU
rpadu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[lpakTMyeckata  HepelIMMOCT  KaTo  (yHAAMEHTaJHO,  He3aBUCEL[0  OT
TeXHOJIOTUUHUSI TIporpec, orpaHuueHve — npuHuun Ha Landauer. Tlpaktruecku
HepellrMMHU 3a/lauM C KPaThK CepTUQUKAT — K/lac Ha cjiokHOCT NP.

27

HepnerepmuHupany anropuTMu 3a pelllaBaHe B ITOJIMHOMMA/IHO BpeMe Ha 3a/jauu C
KpaTKu ceptu¢ukatu. BenpocsT gamu P = NP kato ¢yHmameHTanHa HepelleHa
3a/ja4ya Ha TeOpeTUYHaTa KOMITIOTbPHA HayKa.

28

[TomMHOMUaMHY  pefyKUMA MeXAY U3YMCIUTe/HM —3a[aui. NP-rienHOTA.
M3uncmurenna 3agaya SATISFIABILITY. /[lokasBaHe Ha NP-nbiaHoTata Ha
SATISFIABILITY — teopema Ha Kyk.

29

N3uncnurenna 3agava 3-SATISFIABILITY. [Joka3saHe Ha NP-mbjHOTarta Ha 3-
SATISFIABILITY. CsrniocraBka Ha 3-SATISFIABILITY c¢ 2-SATISFIABILITY.
Hoxka3saHe Ha NP-neaHorara Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. [pyru NP-ibJIHY U3UMCIMTEHU 3a/a4H.

30

AnpokcyuManusita KaTo CpefCcTBO 3a ,,ClIpaBsiHe C MpakThuyecKaTa HepelrMOCT.
AnpokcruMupaljd ajJropuTMMd € TOYHOCT [O MYJTUIUIMKaTUBHA KOHCTAaHTA.
ITpumepu ¢ VERTEX COVER u 3azauata 3a TbProBCKUs ITbTHUK B ,,IIaHApeH
BapuaHT”. Y(C/JIOBHA HEBB3MOXKHOCT 3a [00pO amnpoKCMMUpaHe Ha HSKOU
V3UMC/IUTE/IHU 3aaUH.
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