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Ne dopMupaHe Ha OL[eHKaTa 10 AUCLUIINHATA % OT OLjeHKaTa
1. | KoHTponHu pabotu 5%, 45%, 5%
2. | YyacTme B yac
3. | Jomarnu pabotu
4. | YuebeH MPOEKT
5. | TectoBa rnpoBepka
6. | Tekyiia camocTosiTesTHa paboTa /KOHTPOJIHO
7 Workshops {rH(popMaliioHHO TbpceHe 1 KOJeKTUBHO
" | obchKIaHe Ha JOK/IaAH U pedepati)
8.
9.
10.
11. | MI3nuT — npakTUKa (pelllaBaHe Ha 3a/iauu) 45%
12. | 3nuT — Teopust

AHoTaIua Ha yueOHaTa JUCHMILIHHA:

YacTTa aHa/m3 BbBeXK/a MOHATUATA F0JIeMUHA Ha BX0/la M CJIOKHOCT T10 BpeMe B Hall-
nomms cilydad. BeBexxzar ce meTTe CTaHZAPTHU HOTAL[MM: TUTA, O-TOJISIMO, OMera-
roJIsIMO, 0-MajIKO ¥ OMera-MaJjiko, KOUTO Ce U3I10/13BaT IIPU U3C/leiBaHeTo Ha
aCUMITTOTUYHOTO HapacTBaHe Ha (yHKLIMU.

OcBeH C/I0)KHOCTTa B HaW-JIOLLIMUS CTIy4yal ce 3acsira U aHa/lM3MpaHeTo Ha Cpe/iHaTa
CJIOXKHOCT. [leMOHCTHpAT ce (hopMasHU [J0Ka3aTesICTBa 3a KOPEKTHOCT Ha HIKOHM 6a30BU
aJrOPUTMH, KaTO 3a UTepaTUBHUTE aJrOPUTMU Ce BbBeXK/a WHBApHUaHTa Ha LIUKb/Ia KaTo
CPeZiCTBO 3a NpeLj3Ha Bepu(UKaLusl.

WntocTprpa ce Kak U3IM0/I3BaHeTo Ha e(pMKACHU CTPYKTYPH JJaHHU 1o100psiBa
CJIOXKHOCTTA 110 BpeMe. Pasryie)kar ce TeXHUKU 3a OL|eHKa Ha C/IOKHOCTUTE Ha a/IfOPUTMU
TI0 BpeMe U ce /IeMOHCTpHPA U3I10/13BaHeTO Ha Te3U TEXHUKH BbPXY KIacHuecKu obpasriy.
JeMoHCTpUpaT ce TeXHUKH 3a l0Ka3BaHe Ha aCUMIITOTUYHA [|0JIHA IPaHULIA Ha
CJIOXKHOCTTA I10 BpeMe upe3 [bpBeTa Ha pelleHueTo.

BoBexzar ce nmonsatusaTta NP-ITb/HOTa, ITOJIMHOMUAIHU PeAYKLIMUA U allpOKCUMUpaHe.
ObsicHsiBa ce 3HaueHHeTO Ha (peHoMeHa NP-ITbJHOTa U 3HaUeHHETO Ha HepellleHaTa
3ajayva ,,P = NP ?”. [leMoHCTpUpaT Ce HAKOM OCHOBHMU IOJIMHOMUA/IHUA pefyKLUU.
AHanv3upar ce HSIKOJIKO allpOKCMMUPAILU a/IfOPUThMa KaTo CI0’KHOCT 110 BpeMe U KaTo
OT/la/IeYeHOCT Ha pellleHUeTo OT ONTUMA/THOTO.

B uvacTTa Au3aiiH ce BbBeXX/aT peZtlia a/IfOPUTMUUHU CXeMH, IIpe/iHa3HauyeH! Jia
yJIeCHST Ch3/laBaHeTO Ha epMKaCHU aArOPUTMU: pa3fiesisii U Biafiel, JUHAMHUYHO
nporpamupane, greedy u o6xokaaHe Ha rpadu. [Ipunarar ce cxemuTe 3a pelliaBaHe Ha
TUTAYHU 3a/]lauM, KaTo Ce [eMOHCTpPUpAT TeXHUKUTe 3a OLleHsiBaHe Ha CJIOXKHOCT Ha
TI0JIy4YeHUTe a/JIfOPUTMHU. [leMOHCTpUpAaT Ce CXeMHU 3a ChbCTaBsiHe Ha allpOKCUMUpALIU
aJITOPUTMH.

! B sapucumoct ot crenpduKaTa Ha yuebHaTa AUCLMILIMHA M U3UCKBAHUATA Ha MIPEro/jaBaTe/isl € Bb3MOXKHO
Ja ce n06aBAT HeoOXoAUMUTE GOPMHU, WU [a Ce TIPeMaxHAT HEeHY>KHUTE.




IIpegBapuTe/IHU M3MCKBAHUSA:

CrygpenTute TpsibBa /ja ca 3aro3HaTH C MaTeprana OT KypCoBeTe:

3107
E107
K107
A117
ni47
3117
3227

YBo/, B MpOrpaMupaHeTo
[vCcKpeTHU CTPYKTYpH
Anamus 1
Anrebpa 1
E3uny, aBTOMaTé ¥ U3UUC/IUMOCT
[Iporpamupane
CTpyKTypH [JaHHHU B [POrpaMHpaHeTO

OuakBaHM pe3y/i1TaTH:

CTy,E[EHTI/ITe Aa HPI/I,E[O6I/IHT peajsieH OIMIUT U YMEHHSA B PEIIdaBAHETO Ha H3UNC/IUTE/THH
3aJldun:

Ha cb3gaBaT AMCKpeTeH MoOZes 3a 3ajiavarta M Ja IO KoAupaT B KOMIIaKTHa
CTPYKTYypa JaHHMU.

[a peanusupar eeKTUBEH a/lrOPUTHbM Upe3 U3M0JI13BaHe Ha alTOPUTMUYHU CXEMH,
CBEXK/JaHe /10 U3BECTHH a/JIFOPUTMHU, WM U3MO/I3BaHe Ha KOMOWHALIMS OT M0[00HU
TeXHUKU.

[Ja noka3BaT KOPeKTHOCTTA U Jia IpaBsAT aHa/Iu3 Ha CJIOXKHOCTTa Ha peleHueTto. [la
THPCAT MO-00pY pellieHus Ype3 U3Mo3BaHe Ha e)KACHU CTPYKTYPH OT JIaHHH.
Koraro 3agauara e NP-TpyzHa, /ja pa3no3HaBaT TO3U (QakT U [ja TbPCAT MOJXO/SIII]
aripOKCUMUpal] ajropuTbM WX [a OTHAe/AT YaCTHUA CJlyyad, B KOMTO 3ajauvara
MoyKe /1a Obzie peltieHa 6BP30.

YuebHo ce0opricaHue

Ne | Tema: Xopapuym
1 | MaremaTHuyeCKu MHCTPYMEHTH 3a aHa/IUu3 Ha arOPUTMH — 5+8
ACUMITOTUYHU HOTALIMY U TEXHUTE CBOWMCTBA, METO/U 3a
pelllaBaHe Ha PeKYPEeHTHU OTHOLLEHUSI.
2 | AITOPUTMHUYHU CXEMHU. 5+8
3 | CopTupOBKH. 12+5
4. | bbp3u anroputMu BbpXy rpagu. 1245
5. | KyacoBe Ha C/10’)KHOCT U TPYAHOPELIUMY 3a/1a4H. 11+4
Koncnexkm 3a usnum
Ne | Berpoc
1 | AnroputMy — CBILHOCT U He(OpPMasHO ompefeneHve. VI3uMcauTenHU 3afilauM.
l'onemnHa Ha Bxoza Ha anropuTMH. CIIOKHOCT IO BpeMe B HaW-/IOLIMS C/lydad,
cpefHa UM B Hal-fobpus ciydail. [IpyrM acrmekTd Ha aHaJM3MpaHeTO Ha
arOpPUTMMTE — CJIOXKHOCT I10 amMeT ¥ KOPEKTHOCT.
2 | ACUMNTOTUYEH aHa/I13 Ha CJI0KHOCTTA — BaYKHOCT, TIPeJMMCTBA U HeJI0CTaThLI.




Hotariu, u3mnoasBaHy Mpy acMMIITOTHYHMs aHanus: O, 0, O, Q, w.
CBoliCTBa Ha HOTaLMUTe.

CopTvpaHe — TpPUJIOKEHUS, Ba’KHOCT, TIPUMEPH 3a W3IMO0/3BaHe Ha COPTHUPAHETO
KaTo IbpBa (ha3a OT pelleHreTo Ha JPYTd U3UUCIUTeHU Tipobaemu. CTabuiHU U
HecTabW/THU COPTHUpAIlY arOPUTMHU. Ba)kHOCT Ha cTabuIHOCTTA.

EnementapHu coptupaiiu anroputmu: Selection Sort u Insertion Sort. BeBexxgaHe
Ha

TOHATHETO WHBAapyaHTa Ha LMKbjAa. AHaaM3 Ha KOPEKTHOCTTa Ha /Bara
aIropuThbMa 4pe3 MHBapUaHTa Ha LMKbja. AHaau3 Ha CI0XKHOCTTa 10 UM [0
BpeMe U 110 rameT. AHa/iM3 Ha CTabUIHOCTTA M.

[lBovuHa nupamuza. JJBoMUHUTe MUpaMHUU KaToO MOMbJIHEHU [JBOWYHU AbpBeTa U
KaTto macuBu. ©opmy/M 3a UHAEKCUTe Ha pOJWTEN U Ha JeLjaTa Ha JaJileH BPbX,
ako nupamyjara e MacuB. [locTposiBaHe Ha mNupamMy/ia: HauBeH HauyMH upe3
Heaplnsert.

[ToctposiaHe Ha mupamua yupe3 GyHKius Heapify. AHanu3 Ha C/I0)KHOCTTa TI0
BpeMe Ha /iBaTa HauuHa 3a MOCTposiBaHe Ha mupamuja. [Ipouenypa Build Heap.
AHanu3 Ha C/I0)KHOCTTa: HauBHA umruieMeHTalus (O(n.lg(n))) u 6bp3a
uMIieMeHTauus (G(n)). [upamuganta coptupoBka Heapsort.

[TpuopureTHy onamku Kato abcrpakred tun AaHHU (AT/I). VimmiemeHTarust Ha
TIPUOPUTETHU OTIALIKY Ype3 OOMKHOBEHW MaCUBU M Upe3 IBOMYHU TTMPAMU/IN —
CpaBHUTeJIeH aHa/IU3 Ha Te3U /iBe UMIUIeMeHTaL1uu.

PekypcvBHM anropuTMHM M peKypeHTHM OTHOIIeHHs. MeTojau 3a pellaBaHe Ha
PEeKYPeHTHM OTHOILIeHMs: pa3BMBaHe, [bpPBO Ha peKypcusTa, WHAYKLus, Master
Theorem, meToabT C

XapaKTepUCTUYHOTO ypaBHeHUe. [Ipumepu.

AnroputMruHa cxema Pasziensii v Bafield: CbIHOCT, IIPUIOKEHUE U OFPaHUYeHUs
BBPXY

Bb3MOKHOCTHTe 3a npysaraHeto U. CopTtupaly airopursMm Mergesort. AHau3 Ha
C/IOKHOCTTa 10 BpeMe M Ha cTabwnHoctta Ha  Mergesort. AHamM3 Ha
KOpeKTHOCTTa Ha Mergesort upe3 UHBapUaHTa Ha LIUKbJIa.

10

Coprupaiy anroputbM Quicksort . AHamms:
CJIOKHOCT TI0 BpeMe M TaMeT, CTaOWIHOCT, aHa/lM3 Ha CpefHaTa CIOXHOCT TI0
BpeMe, KOPEKTHOCT.

11

[Tomobpenust Ha QuickSort: HamansiHe Ha wm3mos3BaHata mameT g0 O(lg(n)) upes
M3M0/I3BaHe Ha OMallKoBa peKypcus (tail recursion), mo-epekTvBHO M306MpaHe Ha
paszienuresi, TEXHUKH 3a M30sirBaHe Ha JIOIIUs CTyJai.

12

[omHu TpaHULd BBPXY aCHUMMTOTHYHATA CJIOXKHOCT T0 BpeMe Ha aJrOpUTMHU.
[bpBeTa Ha pelieHueTo (decision trees). MeTo/ 3a JjoKa3BaHe Ha [IOJTHU DAHUILIH,
0a3upaH JbpBeTa

Ha pelieHreTo. JloyiHa rpaHuIja BbPXY aCUMITOTUYHATA CJIOKHOCT TI0 BpeMe Ha
COPTHpAIIM aTOPUTMHU, Oa3UPaHU Ha TUPEKTHO CPaBHEHHE.

13

[onHa rpaHulia, loKa3aHa upe3 aHa/lu3 Ha JbPBOTO Ha pellleHneTo, BLPXY
aCMMITTOTMYHATa CJOXKHOCT Ha H3UMC/IuWTenHaTa 3azaua Element Uniqueness.
[loka3BaHe Ha

aCHMITTOTUYHM JI0JTHY FPAHULIM Ype3 pelyKLIMU MeXAy MacOBU 3aZlaud — MpUMepHr
C

Convex Hull u Closest Pair.

14

Coptupane, KoeTo He e 6a3upaHO Ha AUPEKTHO cpaBHeHHWe. COpTHpaHe B JMHEIHO
BpeMe




— anroputMu Counting Sort u Radix Sort. AHanu3 Ha KOpeKTHOCTTa UM U Ha
CJIOKHOCTTA
VM 110 BpeMme.

15

OpueHTHpPaHU U HeOpHeHTUPaHU rpadu OT aJrTOPUTMUYHA T/iefiHa Touka. [Ipumepu
3a 3a/laud, KOWUTO ce Mojenupar upe3 rpadu. IlpencraBsHusi Ha rpadu upe3s
MaTpULIM Ha CbCeJCTBA M upe3 CIOMCbLM Ha CbcefcTBa. CpaBHUTE/IEH aHAIU3 Ha
rpeiUMCTBaTa U HeJOCTAThLIUTE Ha Te3W MpeJCTaBsSHUS. AHa/lW3 Ha CJIOXKHOCTTA
10 BpPeMe Ha airOpyUTMU BbPXY rpadu — BbBeXKJjaHe Ha aCUMITTOTUUHU HOTalL[MX Ha
GbyHKIMM Ha JBe MpoMeH/MBU. JIMHelHa CI0XKHOCT 10 Bpeme 1pu rpadu.

16

O6OxoxkgaHe Ha rpadu. OcHOBHa cCxemMa 3a OOXOXKJAaHETO — MapKHpaHe Ha
BbHPXOBETE C

1BeroBe. KOpeKTHOCT M e(UKaCHOCT Ha OCHOBHaTa cxeMa. OOXOXKJaHETO B
IIIMPYHA U B

JbI00UMHA KaTO pa3/IMuHU UMIJIEMEHTALMM HAa OCHOBHATA CXeMa.

17

Obxoxzaane B mumpuHa (BFS) Ha rpadu. [JppBo Ha 00X0)KAaHETO B IIMPHHA.
Bugose pebpa

B 00X0KjaHeTo B mrpuHa. O6xoxaaHe B gbaoounHa (DFS) Ha rpadwm. [IbpBo Ha
00x0XkJaHeTo B AbbourHa. BugoBe pebpa B 00X0XKJaHeTO B bJI00UMHA TTPH
HEOpUEHTUPaHUTe U OPUEeHTUPaHUTe rpadu.

18

OpueHTrpaHy auuKInyHU rpagu (dags). AAropuTMy 3a TOMOJOTMYHO COpPTUpaHe
Ha

OpPUeHTHpaHU alUKIWYHU Trpadu. AHaau3 Ha CJIOKHOCTTa 1O BpeMe Ha Te3u
aJITOPUTMH.

19

CUIHO CBBp3aHU KOMIIOHEHTH Ha OPUEHTHPaHW allUKIW4YHU rpadu. AJITOPUTHM C
JIMHelHa

CJIOXKHOCT TI0 BpeMme 3a OTKPHMBAaHETO Ha CU/HO CBbp3aHUTe KOMIIOHEHTH Ha
OpHEeHTUpaHU

rpadu.

20

Cpsi3Baiii BbpXoBe (cut vertices) u cpsizBaiifu pebpa (bridges) B HeopueHTHpaHUTe
rpadu.

[IBycBBp3aHM KOMIIOHEHTH B HeOpWEHTHPaHW Tpadu. AJTOPUTMU C JIUHeWHa
CJIO’KHOCT TI0

BpeMe 3a OTKpMBaHe Ha Cpsi3BallliTe BbPXOBe Ha rpad U Ha cpsi3BaiuTe pebpa Ha

rpad.

21

MuHuManHyM TOKpWBAaIM [bpBeTa Ha HeopueHTHMpaHd Tpadu. [Ipumepu 3a
TIPUJIOKEHUS Ha

MUHUMAaJ/THU TIOKpUBaIly AbpBeta. OO6Ila a/rOpUTMHUYHA CXeMa 3a alrOPUTMH 3a
OTKpHBaHe Ha MUHMMA/HU TOKpUBallld AbpBeTa. Greedy cTpaTeruu. AJTOPUTHEM
Ha [Tpum

— IICeB/IOKO/] U aHa/IM3 Ha CJIOXKHOCTTA I10 BpeMme.

22

AnroputeM Ha Kpyckan 3a OTKprMBaHe Ha MMHMMAa/JHO IIOKPUBAILO [bPBO.
CNoXXHOCT TI0O BpeMe Ha HauBHAaTa WMIUIEMEHTalds. Y CbBBPIIEHCTBaHe Ha
HavBHAaTa UMIlJIeMeHTaLis —

Union-Find omnepaiuu BBPXy MHOXKECTBa, WMILIEMEHTHpPaHU upe3 [bpBeTa.
EBpuctrku

Union by rank u Path compression. AHanu3 Ha C/I0)KHOCTTa TI0 BpeMe Ha
aJropuThMa Ha

Kpyckar rpu 13ro/i3BaHeTo Ha /iBeTe eBPUCTHUKHU.

23

Hali-kbcu mbTHIA B~ opueHTHpaHuTe  rpadu. [IpyMepu 3a TPUIOXKEHUS.




IMoTtenumanau

TPYAHOCTM TpH HaJMUMeTO Ha OTpULIaTe/IHU Terja. AHanu3 Ha 3ajauvata U
CPaBHEHHETO U

ChC 3a/lauaTa 3a Hal-ABJIbI ITBT B rpad. AnropuTbM Ha [JUMKCTpa 3a HaMUpaHe Ha
Hau-

KbCUTE MbTULLA OT JaJleH BPbX /[0 BCHYKM OCTaHaJu BbpXOBe. AHanIu3 Ha
KODEeKTHOCTTa U

CJIOXKHOCTTA T10 BPEMe Ha TO3U alrOPUTHM.

24

AropUTMH 3a HaMHPaHe Ha Hall-KbCU MTbTUILL[A MEX/Y BCUUKU JBOMKH BPXOBE —
aJTOPUTHM, W3MOJ3BAll] aJropurbMa Ha [IuiKcTpa, W /iBa aJrOpUTHMa,
M3I10/13BalIU

uzlesTa Ha JUHAMUYHOTO TporpamupaHe: 1o 6posi Ha pebpara B IIbTs U 10 Haii-
rosemMust

HOMep Ha BPbX B MbTs (a/ropuThM Ha Proi-Yopiirba). AHamM3 Ha CJI0XKHOCTTa
1o

BpEMe.

25

[vHaMHUYHO TIpOrpamMupaHe — CBLIHOCT, TIpeJUMCTBa W Tpuio)keHus. [Ipumepu:
yuc/ia Ha

duboHauM, ONTUMAHO BEP)KHO YMHOKEHWEe Ha MaTPULM, W3UHC/IMTE/HA 3ajaua
Independent Set npu HeopueHTHpaHWUTe rpadu, OrpaHWMYEHU [0 JbpBeTara.
CpaBHeHue

MeXXIy TMHaMUYHOTO TporpaMypaHe U cxemara ,,Pasjensii u Biajgen”.

26

[MpakTHyecKd pemMMH  M3YMCIWTeNIHM 33/aud — Kjac Ha CJAOKHOCT P.
[TpakTryecku Hepewmmu (intractable) 3asauu. [IpuMepu BbpXy HeOpHeHTHpaHU
rpapu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[TpakTyeckata  HepelmMMOCT  KaTo  (yHJAMeHTaJHO,  He3aBUCeL[0  OT
TeXHOJIOTUUHUS TIporpec, orpaHuueHue — mpuHOMN Ha Landauer. IIpakTuuecku
HepeLIMMHU 33/lauu C KPaThK cepTU(UKaT — Kaac Ha cioxHocT NP.

27

HeperepmuHupanu aJirOpUTMH 3a pelllaBaHe B [TOJIMHOMMA/IHO BpeMe Ha 3aZjau C
KpaTKu

ceptudukatu. BenpocsT ganu P = NP karo ¢yHAameHTaHa HepellleHa 3a/iaua Ha
TeopeTUYHaTa KOMIIIOTbpHAa Hayka. Kiacose Ha cioxHocT co-P U co-NP —
CBIIOCTaBKa.

[IpumMepu 3a 3agauu ot co-NP.

28

[TovHOMMANIHY pefyKLMK MeXJy MacoBU 3ajaud. NP-menHoTta. M3unciuresnHa
3asaua SATISFIABILITY. /lokasBaHe Ha NP-nbsiHoTaTa Ha SATISFIABILITY —
Teopema Ha Kyk.

29

N3uncnurenna 3agaua 3-SATISFIABILITY. [Joka3saHe Ha NP-nbiaHoTara Ha 3-
SATISFIABILITY. CesnocraBka Ha 3-SATISFIABILITY c 2-SATISFIABILITY.
Hoxka3saHe Ha NP-nenHorara Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. /[Ipyru NP-nbjiHM MacoBU 3ajjaum.

30

AnpokcuMalusiTa KaTo CpefiCTBO 3a ,,CrpaBsiHe® C MpaKTUYecKaTa HepelmmocCT.
AnpokcuMHpal ajropuTMMd € TOYHOCT [JO MYJTUIUIMKaTUBHA KOHCTAaHTA.
ITpumepu c

VERTEX COVER wu 3azauaTa 3a TbPrOBCKUSI MbTHUK B ,[/IAHADEH BapWaHT".
Ycnosna

HEeBH3MOKHOCT 3a 00p0 arpoKCHMHUpaHe Ha HIKOW MacOBH 3aflauM.
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http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.93.5967&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.93.5967&rep=rep1&type=pdf
http://www.cs.sunysb.edu/~algorithm/
http://www.cs.sunysb.edu/~algorith/video-lectures/
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